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February 23, 1988 

STATE OF MINNESOTA 
MINNESOTA POLLUTION CONTROL AGENCY 

In the Matter of Proposed 
Rules Governing Solid Waste 
Management Facility Permits, STATEMENT OF NEED 
and the Design, Construction AND REASONABLENESS 
and Operation of Solid Waste 
Management Facilities 

I. INTRODUCTION 

The proposed rules in this rulemaking effort all relate to solid waste 
management facilities. The proposed rules are in two groups. The rules· 
relating to permits for solid waste management facilities will appear in Minn. 
Rules ch. 7001. The rules regulating the design, construction and operation of 
solid waste management facilities will appear in Minn. Rules ch. 7035. 

Since its creation in 1967, the The Minnesota Pollution Control Agency 
(hereinafter "Agency") has adopted a number of different rules which set forth 
the procedures for the issuance of permits to sources of air, water and land 
pollution. The existing permit rules all appear in chapter 7001 of Minnesota 
Rules and are divided as follows: 

Parts 7001.0010 - 7001.0210 General Requirements 
Parts 7001.0500 - 7001.0730 Hazardous Waste Facility Permits 
Parts 7001.1000 - 7001.1100 NPDES Permits 
Parts 7001.1200 7001.1220 Air Emission Facility Permits 

. " Parts 7001.1250 - 7001.1350 Indirect Source Permits 

The existing permit rules were consolidated into chapter 7001 in 1984 so 
that the permitting procedures for all Agency programs can be easily. found 
without searching through rules setting technical standards. The chapter 7001 
rules are designed to allow the public to easily find and understand the 
Agency's process for considering permit applications. The permit rules adopted 
in 1984, however, do not address procedures unique to solid waste management 
facility permits. Therefore, the Agency believes that it is essential to adopt· 
rules setting out procedures for permitting solid waste management facilities 
consistent with all other Agency permit programs and to codify these rules in 
chapter 7001. 

The proposed permit rules supplement the general requirements of parts 
7001.0010 to 7001.0210 and include all new parts 7001.3000 to 7001.3550. These 
rules will add requirements uniquely applicable to potential solid waste 
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pollution sources that the Agency will use to issue, deny or modify permits. 
The proposed rules describe the procedures.for·submitting a permit application 
and the procedure the Agency will use to issue closure documents for facilities 
that ·require monitoring and maintenance after·•closure: 

The Agency also proposes to adopt rules~ to be codified in chapter '70'35, 
establishing specific, requirements for the design, constructi.on, and operation 
of solid waste management facilities. The proposed revisions, when adopted, 
will supplement existing rules with similar purpose, Minn. Rules pts. 7035.0110 
to 7035.2500. Further, these rules will establish ground water standards for 
mixed municipal solid waste land disposal facilities. The rules will also 
require the use of specific financial instruments to·demonstrate financial 
capability to properly close facilities, monitor their effect on the 
environment after closure, and take corrective actions when needed. The rules 
are proposed for adoption pursuant to the Agency's authority under Minn. Stat. 
§§ 115.03, subd. 1 and 116.07, subds.·2, 4, 4g and 4h (1986). 

This ·statement is divided into b~n parts.· After ·this introduction, Part II 
provides an overview of the proposed rules. Part III discusses the legal and 
historical background of the solid waste management rules.· Part IV contains the 
Agency's explanation of the. need for the proposed rules as a_whole. Part V · 
constitutes the Agency's explanation, part by part, of the reasonableness of the 
proposed rules. Pursuant to Minn. Stat. § 14.115 (1986), Small Business 
Considerations in Rulemaking, Part VI documents how the Agency has considered 
methbds for reducing the impact of the proposed rules on small businesses. 
Pursuant to Minn. Stat. § 116.07, subd. 6 (1986), Part VII documents the 
economic impacts of the proposed rules •. Pursuant to Minn. Stat.§ 14.11 (1986), 
Agricultural Land, Part VIII documents how the Agency has considered methods for 
reducing any adverse impact the proposed rules might have on agricultural lands 
in the State. Part IX contains the Agency'~ conclusion regarding adoption of 
the rules. Part X contains a list of-exhibits relied on by the Agency to 
support the proposed rules. The exhibits are available for review at the 
Agency's offices at 520 Lafayette Road, St. Paul, Minnesota 55155. 

II. OVERVIEW OF PROPOSED RULES 

In general terms, the proposed permit rules establish the procedures to be 
fo1lowed by applicants in obtaining solid waste management facility permits from 
the Agency. The rules also s~t out the Agency's procedure for reviewing permit 
applications, publishing public notices and issuing .or denying these permits. 

The proposed permit rules will modify seven ~xisting.rul.es·and-'add 19 new 
rules pertaining only to solid waste management facilities. Part 7001.0020, an 

. .' 
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existi-ng rule,· indicates 1how the Agency permit rules apply to solid waste 
management facilities. The amendment modifies the time period for submittal 
of permit applications for certain facilities, i.e., solid waste transfer 
facilities, recycling facilities, compos.t, facil,ities;. and refuse-derived fuel. 
processing facilities. . 

Part 7001.0040 is an existing rule regulating application deadlines for 
, I 

permit applications. This rule is amended by adding,,aJ'subpart that requires 
applicants for new mixed municipal solid waste land''disposal facilities to ,. 
submit a preliminary application at least 90~~ays before,work begins on a 
detailed site investigation. . 1 

1 
' ,,,• . 

' ' 
Part 7001.0050 is an existing rule that i~ modified to_add references to 

permit application requirements specific to solid waste management facilities. 
Part 7001.0060 is an existing rule regaraing signatures required on permit 
applications and s~pporting document~. This part i~ modified to require that, 
if a solid waste management facility owner is different from.the landowner, both 
must sign the permit application, and that all repor.ts andplans prepared for a 
so)id wastr;:,management facility permit applicatiot1 must be signed by an engineer 
registered in Minnesota. 

Part 7001.0140 is an existing rule that is modified.to require that Minn. 
Stat. § 473.823 be satisfied before the Agency may issue a permi_t for solid 
waste management facilities in the metropolitan area. This provision 
acknowledges the authority of the Metropolitan Council for permit .review in- the 
seven-county me~ropolitan area. 

0 

Part 7001.0170 i.s an existing rule stating the conditions under which the 
Agency Commissioner (hereinafter Commissioner) may commence proceedings to 
modify a· permit or to revoke and reissue a permit. The rule is revised to 
include conditio~s.sp~cific to solid waste management facilities. . 

Part 7001.0190 is an existing rule establishing the.'condifions for' . 
modification, revocation and reissuance, and revocation without reissuance of 
permits. This rule addresses changes to permits considered to be minor 
modifications. These modifiEations require no public notice. The proposed 
modification to thi~ rule adds a reference particular to solid waste management 
facilities. 

Parts 7001.3000 to 7001.3550 are proposed new rules regarding the permitting 
of solid waste management facilities. These proposed rules contain provisions 
for the administrative procedures and permit application requirements for solid 
waste management facilities. Each_ part is further explained below. 

Part 7001.3000 sets out the scope of the permit rules ·(parts 7001.3000 to 
7001.3550) and explains which ad~inistrative procedur~l-~ules and pe~mit rules 
complement each.other for use during the permitting of solid waste management 

,...,. 
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facilities. 
I 

Part 7001.3025 states where the definitions of terms used in parts 7001.3000 
to 7001.3550 may be found. 

Part 7001.3050 states when permits will be required, what facilities are not 
required to be permitted, what facilities will be permitted by rule and the 
circumstances under which permit,by-rule status may be terminated. 

Part 7001.3055 requires the Agency to issue a closure document at the time a 
solid waste management facility is closed. The closure document would specify: 
the length of the postclosure cafe period; monitoring, testing and reporting 
requirements; and site maintenance requirements, as appropriate. 

Part 7001.3060 requires that the landowner, facility owner, and facility 
operator be designated co-permittees for any solid waste management facility. 

Part 7001.3075 identifies the major components to be included in a solid 
waste management facility permit application and the timing for submittal of new 
applications, applications for reissuance, and preliminary applications. 

Part 7001.3125 contain~ the conditions under which the Agency may deny the 
owner or operator of an exis.ting land disposal facility a permit to operate the 
facility, i.e., .inabii i ty to meet financial assurance requirements; locational, 
operational and design requirements; or ground water, surface water, land, or 
air quality standards; If the Agency denies the permit, a closure document must 
be issued that may aliow up to five years to comply. 

Part 7001.3150 requires. that anyone signing a permit application or any 
portion must also certify that the information provided in the application is 
accurate and truthful. An engineer registered in Minnesota who signs a permit 
application or technical documents would make the same certification. This part 
proposes that someone knowledgeable in the field of hydrogeology sign all 
documents regarding the site evaluation and ground water monitoring program. 

Part 7001.3175 lists the information that must be included in a preliminary 
application for new mixed municipal solid waste land disposal facilities. 

Part 7001.3200 lists the information required to be obtained during the 
preliminary site evaluation. The information will be submitted in a report 
describing the process used to select a.site for use as a mix~d municipal solid 
waste land disposal facility. The report must discuss how candidate sites were 
chosen and include suppor~ing technical documentation. 

Part 7001.3275 specifies the contents of the detailed site evaluation 
report, information that supports the use of a site as a mixed municipal solid 
waste land disposal facility. 

Part 7001.3300 contains the general information requirements for all solid 
waste management facility permit applications. Four copies of the application 
and supporting documentation are required to be submitted to the Commissioner 
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for review. 
Proposed parts 7001.3375, ?OQl.3400, 7001.3425, 7001.3450 and 7001.3475 set 

out specific information required in permit applications for, ~espe~tively, 
compost facilities, transfer facilities, demolition'debris land dis~osal 

. ' 

facilities, refuse-derived fuel processing facilities and mixed municipal soli~ 

waste land disposal facilities. 
Part 7001.3500 contains the terms and conditions the Agency will include in 

all solid waste management.facility permits, such as the term (in years) for 
which each facility permit granted by the Agency will be effective and the. 
design capacity. General conditions to be included in all facility permits are 
also set out. 

Part 7001.3550 sets out the conditions that must be met to justify the 
modification, or revocation and reissuance, of solid w,aste management faci.lity 
permits and establishes the a~tions·consjdered minor permit modifications. 
Minor modifications may be made by the Commissioner in agreement .with the 
permitt~e without completing the formal permitting process, e.g., public notice. 

In general, the proposed new and amended technical rules in chapter 7035 
cover the design, construction and operation of solid waste management 
facilities. The proposed technical rules establish standards to be applied to 
all solid waste management facilities. The proposed technical rules have been 
divided into 50 parts. This rulemaking covers amendments to existing rules and 
proposed new rules. 

Part 7035;0300 is an existing rule that is amended to include 120 
definitions of specific terms used in the existing and proposed technical rules 
for solid waste management faciliti~s. Ninety-two new definitions are proposed 
and many others are deleted to make the part better address the proposed and 
existing rules. 

Part 7035.0400 is an existing rule' that specifies the general conditions by 
which solid waste must be stored,.collected, transferred; transported, utilized, 
processed, disposed or reclaimed. These conditions ensure that solid waste is 
managed in a consistent manner throughout the State. This rule is amended to 
update references to its applicability. 

Part 7035.0600 is an existing rule that establishes the conditions for 
requesting and issuing variance? from the rules. This part is proposed to be 
modified to reflect administrative changes in the variance procedures. 

Part 7035.0605 is a newly proposed rule that indicates where documents 
referred to, but not included, in the rules may be found. 

Part 7035.0700 is an ~xisting rule that addresses the storage of solid waste 
at individual properties~ ·This rule establishes the minimum standards for 
containers used to store ~olid waste at individual properties to prevent public 

·,,, 
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health problems. It is amended to clarify its language. 
Part 7035.0800 is an existing rule relating to the collection and 

transportation of solid waste to a management facility. The requirements of 
this rule are designed to prevent spills and leaks that could lead to nuisance 
conditions, pollution problems, and public health concerns. It is proposed to 
be amended with clarifying language; 

Part 7035.1590 is a new rule introducing a series of requirements, parts 
7035.1590 to 7035.2500, applicable to industrial solid waste land disposal 
facilities. This series of rules currently addresses all landfil1s, but is 
being modified to apply to only industrial solid waste land disposal facilities. 
Part 7035.1590 identifies the relationship among the rules relating to the 
disposal of industrial solid waste. Additionally, this rule describes the 
information to be used by the Agency in approving or disapproving permits for 
these facilities. 

Part 7035.1600 is an existing rule proposed to be retained and modified for 
industrial solid waste land disposal facilities. This rule describes those 
areas considered unacceptable for use as industrial .solid waste disposal sites. 

Part 7035.1700 is an existing rule proposed to be.retai.ned and modified for 
industrial solid waste land disposal facilities. This rule describes the 
maintenance ahd operation standards that will be applied to industrial solid 
waste land disposal facilities. 

The contents of an industrial solid waste land disposal facility permit 
application are specified in part 7035.1800. This rule is an existing rule 
proposed to be retained and modified to describe the information needed by the 
Agency to determine the suitability of a proposed s1te for use as an industrial 
solid waste land disposal facility. The rule describes the specific areas that 
must be addressed and .the format for the application. 

Part 7035.1900 is an existing rule proposed to be retained and modified for 
industrial solid waste land disposal facilities. This rule establishes the 
conditions an owner or operator of an industrial solid waste land disposal 
facility must satisfy to initiate operations and start accepting industrial 
solid waste for disposal. 

Part 7035.2500 is an existing rule proposed to be retained and modified 
specifically to establish who has the duty to properly close a facility and the 
procedure to be followed in the closure of industrial solid waste land disposal 
f ac i 1 i ties . 

Parts 7035.0100, 7035.0200, 7035.0500, 7035.0900, 7035.1000, 7035.1500, 
7035.2000, 7035.2100, 7035.2200, 7035.2300 and 7035.2400 are repealed by this 
rulemaking process. These rules have been repealed because the proposed new 
technical rules will replace the standards contained in these existing rules. 
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Parts 7035.2525 to 7035.2875 are proposed new technical rules for the 
management of solid waste. These rules propose standards that would apply to 
land disposal facilities, compost facilities, recycling facilities, transfer 
facilities and refuse-derived fuel processing facilities. The rules propose 
requirements for financial assurance, ground.water monitoring, ground water 
performance standards, personnel training, and design of each facility type. 
Each part is further explained below. 

Parts 7035.2525 through 7035.2655 are requirements generally applicable to 
all solid waste management facilities. Parts 7035~2665 to 7035.2805 apply only 
to financial assurance requirements of owners and operators of mixed mun.icipal 
solid waste land disposal facilities.· Parts 7035.2815 to 7035.2875 each address 
technical standards applicable to a specific type of solid waste management 
facility. 

Part 7035.2525 specifies the facility ownersx;~ operators who must comply 
with the standards contained in the sol'id ~as'tl ft11es and the facilities exempt 
from.compliance with the standards. Thefextmpted~facilities either have low 
potential for causing pollution or

1
are· regul'Jted by other rules. 

Part 7035.2535 contains gener1?ll sbfld waste management requirements 
applicable to all facility Itypes. This rule contains a list of wastes that are 
unacceptable for manag'em.e~t..~q'i_,~1olid waste'management facilities. The rule also 
establishes requirem·ents'for .notification of the Agency when facility ownership 
is intended to b~ trA~~ferred.and for establishment of security and ~nspection 

> I . 
arrangements,. -:rhe rule requires development of an industrial solid waste 
management plan for all facilities and describes the contents of the plan. 

Part 7035.2545 describes the personnel training required at all solid waste 
management facilities. The rule ·proposes that all personnel complete the 
training program approved by the Agency within six months after the effective 
date of the rules or employment at the facility. The rule describes the minimum 
training program requirements needed to provide facility personnel sufficient 
knowledge to handle problems that develop at the site and prevent avoidable 
problems. 0 

Part 7035.2555 prohibits the construction and operation of. a solid waste 
management facility in a 100-year floodplain, a wetland area, a shoreland area, 
or in special air quality zones. 

Part 7035.2565 establishes the duty of facility owners to protect ground 
water, surface water, land, and air from pollution. The rule also proposes 
criteria for the Commissioner to set compliance boundaries, standards, and 
intervention limits in permits, 

The information an owner or 
is specified in part 7035.2575. 

orders, or stipulation agreements. 
operator must collect and record at a facility 
The contents of an operating record are 

I. 
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detailed in this rule. 
Part 7035.2585 specifies the information to be.contained in the annual 

report of all facility activities submitted to.the Agency by each facility 
owner. The annual report will be submitted by February 1 of each year for the 
preceding calendar year. 

Part 7035.2595 requires that every facility owner or operator design, 
construct and operate the facility in a manner that minimizes the potential for 
fires, explosions, or other incidents that may release pollutants to the air, 

·water or land. The procedures to minimize the potential for emergencies include 
maintaining communication devices and fire extinguishers and making arrangements ' 
with the local authorities for the potential services needed at a facility. 
Included are a procedural manual and hazard assessment. 

Specific procedures to prepare for emergencies at the facility are set out 
in part 7035.2605. Containment measures are the critical factors in controlling 
impacts during emergency situations. The rule also requires facility owners to 
report all emergency incidents to the Agency within two weeks of occurrence. 

Part 7035.2610 requires the facility owner or operator of any.solid waste 
management facility to submit a construction certification to the Commissioner 
upon completion of any project. Before the facility owner or operator may open 
or put any portion of a facility into operation,-th~ Commissioner must inspect 
the facility and approve the construction certification. 

Part 7035.2615 requires all facility owners or operators to prepare a 
contingency action plan. The rule prescribes the contents and implementation of 
the plan and how it is amended and approved. 

Part 7035.2625 specifies when facility owners or operators must cease to 
accept waste and close a facility. It sets out the contents of a closure plan 
and how the plan is amended. 

Part 7035.2635 sets the schedule to complete closure activities and the 
procedures to be followed during closure. These procedures include the 
activities outlined in the closure plan and a series of required notifications. 
The rule requires the facility owner or operator to place a notation on the 
property deed and submit a.closure certification to the Agency. 

Part 7035.2645 requires submittal,of a postclosure care plan with a permit 
application and specifies the information that must be included in the plan. 
The postclosure care plan sets out the schedule for monitoring the facility 
after closure. The rule provides that the postclosure care plan be amended 
whenever the facility is modified. The original postclosure care plan and all 
modifications and cost estimates are used in establishing the level of financial 
assurance for the facility. 

Part 7035.2655 establishes minimum requirements for care and use of the 
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facility property after closure. Postclosure care, when required, must continue 
for at least 20 years after closure. The rule allows use of the property after 
closure in a manner that will. not impair the integrity of a closed facility. 

Part 7035.2665 introduces a series of 14 new rules that require owners and 
operators of mixed municipal soljd waste land disposal facilities to meet 
certain financial assurance requirements. 

Part 7035.2685 establishes the requirements for cost estimates for closure, 
I 

postclosure care, and contingency actions at mixed municipal solid waste land 
disposal facilities. All tost ~stimates must be made in current dolla~s, based 
on the closure, postclosure care, and contingency action plans, and updated 
yearly and whenever each of the respective plans is modified. 

This rule provides two methods for calculating the expected value of the 
probable events that may cause the contingency action plan to be implemented. 
A facility owner or operator may elect to complete either a site-specific risk 
analysis or use the normal distribution~expected value procedure' included in the 
rule. 

Part 7035.2695 requires that a facility owner or operator use one of the 
instruments included in the proposed rules as the means to establish financial 
assurance. 

Part 7035.2705 establishes the requirements to be met in developing a trust 
fund, including the schedule by which a trust fund must be established. 

This rule requires that a trust agreement be updated after any change in the 
cost estimates and that monthly payments be made into the trust fund. The owner 
or operator of a new facility must make the initial payment before any waste is 
accepted at the facility. The amount of each pa~ent is determined. by 
procedures outlined in the rule. 

This rule also proposes a method for a facility owner or operator to show 
that the monthly payments calculated·in accordance with the rule exceed the 
financial ability of the facility owner or operator. Separate methods of 
determination are provided for public and private sector owners or operators. 
The Commissioner, in consultation with the owner or operator, will determine if 
sufficient funds can be generated to meet the cost estimates. 

Annual reviews of the cost estimates are required. A facility owner or 
operator may request the release of funds in excess of the cost estimates. This 
rule also proposes procedures by which the Commissioner will authorize 
reimbursement to a facility owner or operator for work completed in accordance 
with the closure, postclosure care, or contingency action plan. 

Part 70~5.2715 establishes how a trust fund may be established to receive 
payments by more than one owner or operator for financial assurance at different 
sites. The trustee must maintain a separate account for each site and the 
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Commissioner may only authorize withholding or reimbursements from the specific 
account designated for a site. 

Part 7035.2720 establishes how a local government or authority may comply by 
setting up a special fund-within its municipal treasury. The fund must be 
dedicated to facility closure, postclosure care and/or contingency action. The 
funds may be used only after the Commissioner has given permission for .. 
disbursement. 

Part 7035.2725 establishes the criteria by which a facil·ity owner or 
operator may satisfy the requirements for financial assurance using a· surety 
bond to guarantee payment into a trust fund. A facility owner or operator 
using a surety bond to guarantee payment must establish a standby trust fund in 
the same manner a trust fund would be established. 

Part 7035~2735 addresses the requirements that apply when a facility owner 
or operator uses a surety bond to guarantee performance. · The requirements for 
submittal of the surety bond and standby trust agreement are the same as those 
described for the trust fund. The surety company issuing the bond must be 
listed as an acceptable surety on federal bonds in Circular 570, issued by the 
United States Department of Treasury as published in the Federal Register on 
July 1 of each year. The bond must guarantee that the owner or operator will 
perform closure, postclosure care, and corrective actions in accordance with the 
appropriate plan; or provide alternate financial assurance. The surety becomes 
liable on the bond obligation if the owner or operator does not perform as 
guaranteed by the bond. The surety will not be liable for deficiencies in the
performance of closure, postclosure care, or corr·ective actions after the Agency 
releases the owner or operator from the financial assurance requirements. 

Part 7035.2745 establishes the requirements to be met by a facility owner or 
operator who uses a letter of credit to comply with- the financial assurance 
rules. The facility owner or operator must submit the letter of credit to the 
Commissioner under the same schedule as for a trust fund agreement. The 
facility owner or operator must also establish a standby trust.fund into which 
payments are made if the Commissioner draws on the letter of credit. Whenever 
the facility owner or operator fails to perform the appropriate action, the 
Commissioner would draw on the letter of credit to-obtain the necessary funds to 
complete the actions. 

Part 7035.2750 proposes criteria by which a facility owner or operator may 
show sufficient security to self-insure for closure, postclosure care and 
contingency actions. Under this part, corporate bonds, municipal bonds or 
~arrants would be used to provide collateral for self-i~sured facility owners 
and operators. As with other instruments; the user of self-insuranc~ must 
establish a standby trust fund. 
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Part 7035.2755 allows a facility owner or operator· to use more than one 
mechanism to comply with the financial assurance requirements. The combination 

' of mechanisms must provide financial assurance for an amount equal to the sum of 
the cost estimates determined in the closure, postclosure care, arid contingency 
action plans. 

Part 7035.2765 provides a facility owner or operator with the option to 
use a single mechanism to meet the financial assurance requirements for more 
than one facility. The amount of funds included in the mechanism .must equal the 
amount of funds that would be available if a separate mechanism were used for 
each facility. The Commissioner would be able to direct expenditures for a 
facility only in the amount of funds set aside in the mechanism for that 
facility. 

Part 7035.2775 prescribes the conditions under which the Agency will release 
a facility owner or operator from financial assurance requirements for 
closure, postclosure-care, or corrective actions at a facility. 

Part 7035.2785 allows a facility owner or operator to use only one 
mechanism to establish financial assurance for closure, postclosure care, and 
corrective actions. The amount of funds available through the mechanism must be 
no less than the sum of funds that would be available if separate mechanisms had 
been established and maintained for closure, postclosure care, and corrective 
actions. 

Part 7035.2795 proposes procedures to be followed if owners or operators, 
guarantors, or financial institutions fail to maintain financial assurance 
because of, for example, the commencement of a voluntary or involun~ary 
bankruptcy proceeding or suspension or revocation of the institution's authority 
to issue the acceptable financial instrument. 

Part 7035.2805 proposes specific language required to be used for: a trust 
agreement; a certification acknowledgement; a surety bond guaranteeing payment 
into a trust fund; a surety bond guaranteeing performance; a letter of credit; a 
self-insurance letter from the chief financial officer of a private firm; a· 
self-insurance letter from the head of a public body; and a resolution that 
establishes a dedicated fund within a municipal treasury. 

Parts 7035.2815 through 7035.2875 set out the facility standards or specific 
technical requirements for seven different types of solid waste management 
facilities. 

Part 7035.2815 proposes the design, construction, and operational 
requirements specifically developed for mixed municip~l solid waste land 
disposal facilities. This -rule addresses the location, ground water 
performance, leachate collection and treatment, .and gas management standards 
that will be used in evaluating a proposed facility for use as a land disposal 
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site. Standards for completion of a hydrogeologic evaluation of disposal sites 
and for the engineering report addressing the .design considerations are included 
in this rule. 

The location standards are contained in subpart 2. 
Subpart 3 provides that the hydrogeologic evaluation of a mixed municipal 

solid waste land disposal facility must ·be completed in phases and specifies 
those phases in detail. 

Ground water performance standards are proposed in subpart 4 of this .rule. 
They include, among other things, compliance boundaries and pollutant 
concentrations. 

Under -subpart 5, a facility-owner or operator must submit an engineering 
report to explain and substantiate the proposed design of a mixed municipal 
solid waste land disposal facility. The report must address all facility 
features including surface drainage control structures, entrance and access 
roads, leachate collection and treatment system, and gas and water monitoring 
systems. 

A facility owner or operator must design and maintain a cover system that 
minimizes infiltration _into the fill areas, retains slope stability, maintains 
vegetative growth on the final cover, and prevents nuisance conditions. The 
cover system will consist of intermittent, intermediate, and final covers. The 
standards to be followed in designing a cover system are contained in subpart 6. 

Subpart 7 proposes requirements for the design of liners to be used in mixed 
municipal solid waste land disposal facilities. The Commissioner may grant the 
facility owner or operator of an existing facility up to 18 months after the 
effective date of the rules to comply with the requirements. The Commissioner's 
decision will be based on subsurface geologic conditions, ground water flow 
patterns, ground and surface water quality, remaining site capacity, and the 
design and construction techniques used to mitigate leachate generation and 
migration. ' 

A liner is not proposed for disposal areas at existing facilities that are 
vertically expanded. However, vertical expansions will be granted only if the 
facility owner or operator can show no increase in environmental damage because 
of design and operation techniques used at the facility. 

Subpart 8 contains a list of analyses that must be conducted on soils to 
determine the soils' suitability for use as a liner or final cover material. 

Subpart 9 provides the facility'owner or operator with the minimum design 
standards for the leachate detection, collection and treatment systems to be 
constructed at a disposal site. The leachate management system must be capable 
of detecting leachate build-up on the liner, determining the effectiveness of 
the liner, and collecting and treating the ·leachate. 
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The leachate treatment system may consist of on-site treatment facilities or 
off-site treatment facilities. In either case, the treatment system must be 
designed and approved for the leachate generated at a facility. 

The water monitoring system for a facility must be designed, installed, 
and maintained as required in subpart 10. The monitoring system includes both 
ground and surface water points and will serve as an early detection of the 
release of pollutants from a facility as well as a tracking system for the . 
movement of pollutants. The numbers, types, depths, and separation distances of 
monitoring points will be based on specific site conditions. 

Subpart 11 cont~ins the standards-for the design and construction of a gas 
monitoring system. The concentration of any explosive gas may not exceed its 
lower explosive limit at the property boundary or 25 percent of its lower 
explosive limits in buildings or at any other on-site monitoring point. This 
subpart proposes that all disposal areas ·be ventilated to the atmosphere, and 
that monitoring probes be placed between the disposal area and the property 
boundary and facility structu~es. A gas collection system would not be required. 
at every facility. The need for a gas collection system would be based on 
analysis of the waste accepted at the facility, the size of .the facility, and 
the proximity to residential or business property and other factors used to 
determine the potential impact of-gas on human heaith a~d-the environment. 

_ Subpart 12 contains the minimum construction requirements that must tie 
incorporated into the project specifications. A construction record including 
pictures, field notes, and_all test results must be compiled. and submitted with 
the as-built plans. A quality control and quality assurance program must be 
established for all .construction projects. The program must address type and 
frequency of tests to be performed, schedule for inspecting construction 
activities, procedures for sampling, when appropriate, and methods for 
documentation of the construction.activities. 

The operation and maintenance requirements for a mixed.municipal solid waste 
land disposal facility are proposed in subpart 13. 

Subpart 14 contains the requirements for sampling and ~nalyses for 
pollutants. Ground wat~r q~ality, leachat~ quality, and surface water quality, 
where appropriate, will be monitored at all facilities .. The Commissioner will 
establish in the facility permit the sampling- locations, sampling schedule, 
substances to be analyzed, and other sampling procedures. The monitoring 
requirements will be established based on exisfing ground water tondi,tions and 
specific facility design factors. 

The Commissioner may establish in the facility permit specific procedures 
and quality control requirements including acceptable limits for precision and 
accuracy, frequencies for quality control samples, and the use of specific 
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equipment. A quality control and quality assurance program is proposed to be 
developed for the analyses to be conducted on each sample. A facility owner 
or operator must submit annual reports of monitoring results. 

Subpart 15 requires a facility owner or operator to repair features that 
are designed improperly or not functioning correctly and to control, recover, or 
treat polluted ground water or surface water and explosive or toxic gases. The 
actions must be consistent with those outlined and approved in the contingency 
qction plan. A facility owner or operator may be required to go beyond the 
described procedures if necessary to comply with the rules. 

Subpart 16 cqntains the requirements for closure and postclosuie care at 
mixed municipal solid waste land disposal facilities. The closure plan must 
contain the procedures for closure of fill phases as well as final closure. 
Postclosure care requirements will include: access restriction, maintenance of 

·final cover integrity and effectiveness, maintenance of monitoring systems, 
ground water monitoring and operation of the leachate collection and removal 
systems. During the postclosure care·period, the site must be surveyed annually 
to determine settling, subsidence, erosion, or other potential problems. The 
closure document proposed for issuance by the Agency wi 11 detail postc 1 osure 
care requirements based on the postclosure care plan. 

Part 7035.2825 contains technical requirements for demolition debris land 
disposal facilities. Separate requirements are proposed for permit-by-rule 
facilities and facilities permitted through the formal permitting process. The 
owner or operator of a demolition debris land disposal facility that must be 
permitted through formal procedures must follow subparts 7 to 14. These 
procedures require evaluation of the type of waste to be accepted and the 
facility capacity in designing the site for development. A study of the site 
topography, geology, soil, and hydrogeology may be required by the Commissioner 
depending on the facility size and waste to be received. The Commissioner may 
also require financial assurance from a facility owner or operator depending on 
the facility size, operational practices, operating life, and types of waste 
accepted at. the facility. The closure and postclosure care plans must contain 
the specific requirements approved by the Commissioner. 

Part 7035.2835 proposes the requirements for designing, constructing, and 
operating a facility for composting solid waste or yard waste. Backyard 
composting at individual residences or businesses is not regulated under this 
rule. Yard waste compost sites are permitted by rule. The owner or .operator of 
a yard waste compost site must notify the Commissioner before starting 
operation and submit an annual report to the Commissioner. 

The owner or operator of a solid waste compost facility must design the 
composting area to contain all leachate generated during the composting process 
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and divert surface water from entering the composting and storage areas, must 
develop a training program and operations manual, and must maintain a record of 
the waste characteristics, sewage sludge, and other bulking agents being 
composted. 

This rule proposes standards to be used in determining the type of compost 
produced at a facil·ity. All compost must be produced by a process to further 
reduce pathogens. The allowable limits fer heavy metal and polychlorinated 
biphenyls found in the compost are described in this rule. 

' Part 7035.2845 proposes requirements for the design, construction, and 
operation of recycling facilities. A.recycling facility accepting or processing 
source~separated wastes in quantities less than 10 cubic yards per day must 
comply with minimum requirements. These requirements would include notifying 
the Agency that the recycling facility is in existence, provide for adequate 
storage, and prevent spills. 

The owner or operator of a recycling facility for large quantities of mixed 
municipal solid waste must design and operate the facility to prevent surface 
water drainage through the materials, contain all spills or releases, and 
provide adequate storage for the recycled materials and the residuals. The 
facility owner or operator must develop a contingency action plan- that addresses 
the actions to be taken should a fire, spill, or release occur at the facility 
and identify back-up systems if the facility is shut down for a period of time. 
Final closure at a recycling facility must include the removal of all waste and 
contaminated soil. 

Part 7035.2855 proposes requirements for the design, construction, and 
operation of a storage area at any solid waste management facility. Facilities 
used to store only waste tires are not covered by this rule. If the waste is 
stored indoors, the facility owner or operator is not required to meet the liner 
and leachate collection system design requirements. Outside storage areas must 
consist of a lined area and a leachate collection system capable of handling the 
leachate generated and any precipitation collected in the storage area. All 
liquids collected i~ the storage area must -be properly tested and treated before· 
disposal. The rule includes standards for inspection, waste removal and 
certification of repairs. 

Part 7035.2865 proposes requirements applicable to solid waste transfer 
facilities. All solid waste disposed of or processed within the State and, 
transported from a solid waste transfer facility must be delivered to an 
Agency-permitted facility. A facility must be designed with all-weather roads 
and truck wheel curbs and tiedowns for elevated unloading areas. The tipping 
areas, loading and unloading areas, storage areas, and processing areas must be 
constructed of impervious .materials that are cleanable and capable of collecting 
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free moisture:- All residuals must be removed from the site at least monthly 
with putrescible wastes removed at least weekly. 

Part 7035.2875 propo~es requirements for the design, construction, and 
operation of refuse-derived fuel processing facilities. A ·facility must be 
designed to· divert surface water drainage from outdoor storage areas; minimize 
the risk for explosions, spills, leakages, or releases; control odo_rs; and 
produce the desired fuel product. Uncovered waste material, processed or 
unprocessed, must be stored on a low permeability surface. The facility must be 
capable of processing incoming solid waste within 24 hours based on the 
materia.ls flow and balance calculations. The facility owner or operator must 
submit an annual report describing how much waste was received, how the waste 
was processed, and the amount of various products produced. 

III. LEGAL AND HISTORICAL BACKGROUND OF THE RULES 

This part begins by outlining the Agency's statutory authority, other 
legislative direction, and federal law regarding solid waste. After a brief 
introduction to the reasons for the current rulemaking, the history of the 
rulemaking effort is described. 

In 1969, the Minnesota Legislature amended the Agency's authorities 'to add 
control of solid. waste dis~osal methods and practices. Minn. Laws 1969, ch. 
1046. Among other things, the Legislature directed the Agency to adopt 
standards and regulations regarding solid waste. Minn. Laws 1969, ch. 1046, § 6 
(amending Minn. Stat. § 116.07, subd. 4). This solid waste authority in chapter 
116 was added to the Agency's previous, more general, authorities under chapter 
115, the Water Pollution Control Act, namely, to ·administer and enforce all laws 
relating to the pollution of any of· the waters of the State, and to establish 
and alter standards and regulations to prevent, control, or abate water 
pollution. Minn. Stat. § 115.03, subd. 1. 

Minn. Stat. § 115.03, subd. 1(e) (1986) grants the Agency the following 
powers and duties: 

' 

To adopt, issue, reissue, modify, deny, or revoke, enter into 
or enforce reasonable orders, permits, variances, standards, 
rules, schedules of compliance, and stipulation agreements, 
under such conditions as it may prescribe, in order to prevent, 
control or abate water pollutiop, or for the installation or 
operation of disposal systems or parts thereof, or for other 
equipment and facilities; ... 

The authority to adopt rules governing solid waste is given in Minn. Stat. 
§ 116.07, subd. 4 (l986), as follows: 
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Subd. 4. Rules and standards. • . . Pursuant and subject to 
the provisions of chapter 14, and the provisions hereof, the 
pollution control agency may adopt, amend, and rescind rules 
and standards having the force of law relating to any purpose 
within the provisions of Laws 1969, chapter 1046, for the · 
collection, transportation, storage, processing, and disposal 
of solid waste and the prevention, abatement, or control of 
water, air, and land pollution which may be related thereto, 
and the deposjt in or on land of any other material that may tend 
to cause pollution .••. Any such rule or standard may be of 
general application throughout the state or may be limited as to 
times, ~laces, circumstances, or conditions in order to make due 
allowance for variations therein. Without limitation, rules or 
standards may relate to collection, transportation, processing, 
disposal, equipment, location, procedures, methOdS, Systems Or I 

techniques or to any other matter relevant to the prevention, 
abatement or control of water, air, and land pollutio~ which 
may be advised through the control of collection, transportation, 
processing, and disposal of solid waste .•• and the deposit in 
or on land of any other material that may tend to cause pollution. 

Minn. Stat.§ 116.07, subd. 4 (1986). 

The 1969 Legislature also enacted the Metropolitan Solid Waste Disposal Act. 
Minn. Laws 1969, ch. 847 (originally codified as Minn. Stat. ch. 4730 and now 
codified as Minn. Stat.§§ 473.801 ~seq.). This act authorized the 
Metropolitan Council to conduct long-range comprehensive planning and to approve 
permits for solid waste disposal sites and facilities in the metropolitan area. 
It further authorized counties in the metropolitan area to-construct, operate, 
maintain and regulate solid waste disposal sites and facilities. This provision 
continued the direction the Legislature had taken in the 1967 session, when 
similar solid waste management authorities were granted to Anoka and Washington 
Counties, Olmsted County and Wright County. Minn. Laws 1967, chs. 413, 860·, and 
466. 

The Agency adopted solid waste disposal regulations SW-1 to SW-11 in January· 
1970 (recodified in Minn. Rules pts. 7035.0100 to 7035.2400 (1987)). These 
rules cover solid waste storage, collection, transportation, land disposal, 
permitting, incineration, composting, closure of nonconforming .disposal sites, 
and county solid waste management plans. Reflecting the concerns of the day, 
these rules were and remain heavily oriented toward preventing visible 
operational problems and aesthetic and nuisance conditions. 

In 1971, the Legislature enacted the County Solid Waste Management Act of 
1971. Minn. Laws 1971, ch. 403 (codified as Minn. Stat. ch~ 400). This act 
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extended solid waste management authorities. similar to those previously granted 
to metropolitan area counties and certain nonmetropolitan counties, to all 
nonmetropolitan counties. Minn. Stat. ch. 400 (1986). 

The existence of few environmental protection requirements in the solid 
waste rules led the Agency to revise the rules in 1973. Already the Agency was 
encountering problems with leachate generation and inadequate closure .. 
procedures; and the revisions corrected a few omissions. Some of the 
definitions in SW-1 were changed, and·several new definitions were added. Minn. 
Rules pt. 7035.0300 (1987). 

Many changes were made in regulation SW-6, governing sanitary landfills. 
Only the most significant of these will be described. They included 
r~~uirements for landfills t6 mairttain a minimum separation distance of five 
feet between the lowest portion of the landfill and the historical high water· 
table elevation, to establish a water monitoring system, to control 
decomposition gases, to file a plat describing the landfill with the county 
register of deeds upon closure of the landfill, and to have the project engineer 
sign a construction certification before beginning operation. Also added were 
prohibitions on landfill siting ·in wetlands and on landfill disposal of liquids, 
certain sludges, special· infectio~s'waste, and other substances that may be 
deemed unacceptable by the Agency. Provisions laying out procedures for 
disposal of toxic and hazardous wastes in landfills were deleted from the rule. 
Hazardous wastes were now prohibited for disposal at landfil'ls. SW-6 is now 
recodified as Minn. Rules pts. 7035.1600 to 7035.1800 (1987); 

Finally, a new regulation SW-12, now known as Minn. Rules pt. 7035.2500 
(1987), was added. SW-12 required the operators of all solid waste land 
disposal sites, including abandoned dumps, to close the sites according to 
specified procedures •. Even after these revisions,· the rules remained. 
predominantly oriented toward control of nuisance conditions. 

The Minnesota Legislature also strengthened State environmental policy in 
1973 with the passage of the Minnesota Environmental Policy Act, Minn. Laws 
1973, ch. 412 (codified as Minn. Stat. ch. 1160). Minn. Stat. ch. 1160 directed 
all State agencies and departments, including the Agency, to improve and 
coordinate State plans, functions, programs, and resources so as to act as a 
trustee of the environment for future generations; assure for all people of the 
State safe, healthful, and productive surroundings; discourage ecologically 
unsound aspects of population, economic and techno.logical growth; and encourage 
advanced waste treatment in abating water pollution. Specific directives were 
contained in Minn. Stat. § 1160.02, subd. 2. 

. ' ' 
In 1976, Congress amended the Solid Waste Disposal Act (42 U.S.C. §§ 3251 et 

g_g_.) by enacting the Resource Conservation and Recovery Act (RCRA) (42 U.S.C. 
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§§ 6901 £!. ~·). RCRA was enacted to promote re.source recovery and 
conservation and to increase the development of environmentally-sound waste 
disposal. SubtitleD of RCRA, titled "State .or Regional Solid Waste Plans," 
required states to develop and implement solid waste management plans. These 
plans in turn were to require disposal of all solid waste in sanitary landfills 
having "no reasonable probability of· adverse effects on health or the 
environment from the disposal of solid waste at such facility." 42 U.S.C. § 
6944. Subsequent regulations, codified as 40 CFR part 257, contained criteria 
for classifying disposal sites as either sanitary landfills, which fulfilled 
this requirement, or as open dumps, which did not. Among these criteria were 
restrictions on floodplain siting, surface water quality impacts, ground water 
quality impacts, landspreading of sludges and other wastes, open burning and .air 
quality impacts, explosive gases, bird hazards to aircraft, and access. States 
were to classify disposal sites for publication in an inventory of open dumps, 
and to require closure or upgrading of sites that failed the criteria of 40 CFR 
part 257. 

In 1980, the Agency amended regulation SW-11 in response to objections to 
the rules by the Legislative Commission to Review Administrative Rules (LCRAR). 
SW-11 had allowed land disposal sites that served small populations and did 
not conform to regulations SW-1 to SW-10 to continue operating with annual 
exemptions, but only during a transition period ending July 1, 1972. LCRAR 
asserted that the solid waste rules were not consistent with language in Minn. 
Stat. § 116.07, subd. 2: 

Subd. 2. Adoption of .standards •.•. The agency shall also 
adopt standards for the control of the collection, transportation, 
storage, processing, and disposal of solid waste •.• for the 
prevention and abatement of water, air and land pollution, 
recognizing that due to variable factors, no single standard of 
control is applicable to all areas of the state. In adopting 
standards, the pollution control agency shall give due 
recognition to the fact that elements of control which may be 
reasonable and proper iri·derisely populated areas of the state 
may be unreasonable and improper in sparsely populated or remote 
areas of the state, and it shall take into consideration in this 
connection such factors, including others which it may deem proper, 
as existing physical conditions, topography, soils and geology, 
climate, transportation, and land use. Such standards of control 
shall be premised on. technical criteria and commonly accepted 
practices .. 

Minn. Stat. § 116.07, subd. 2 (1986). 

In response, the Agency amended SW-11,.Minn. Rules pt. 7035.2400, subp. 1 
(1987), to authorize issuance of modified landfill permits ~or the operation of 

:., 
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land disposal sites located in sparsely populated areas, provided a number of 
conditions·were met, including a requirement that "the proposed modified 
landfill will not cause pollution, ·impairment, or destruction of the 
environment •.•• '' The requirements governing modified landfills were less 
restrictive than for sanitary landfills _including less frequent cover and other 
relaxed operational requirements. 

Growing concerns about solid and hazardous waste led to enactment of the 
Waste Management Act of 1980. Minn. Laws_1986, ch; 564 (codified as Minn. Stat. 
ch. l15A). This act dealt largely with hazardous waste management and with 
solid waste planning, but some provisions had _a direct. or indirect effect on the 
current rules revisions. The Act's section entitled ''Legislative Declaration of 
Policy; Purposes'' states that it is the goal of the Act to serve the following 
purposes: 

(a) ·Reduction in waste generated; 
(b) Separation and recovery of materials and energy from waste; 
(c) Reduction in indiscriminate dependence on disposal of waste; 
(d) Coordination of solid waste management among political 

subdivisions; 
(e) Orderly anq deliberate development and financial security of 

waste facilities including disposal facilities. 

Minn. Stat. § 115A.02 (1986). 
' 

' This declaration made it clear that the Legislature regarded land disposal 
as an undesirable waste management option, and that it was necessary to assure 
the financial security of land dispos~l facility operations, corrective actions, 
closure, and postclosure care. 

The 1983 Environmental Response and Liabil1ty Act created an environmental 
response, compensation and compliance fund to finance the cleanup of releases of 
hazardous substances or pollutants and contaminants when the responsible person 
was unwilling or unable to take adequate response actions. Minn. Laws 1983, 
ch. 121 (codified as Minn. Stat. ch. 115B). The facility owner or operator was 
declared to be responsible for the release or threatened release of·a hazardous 
substance, or a pollutant or contaminant, from the facility. Minn. 'Stat. 
§ 115B.03, subd. 1 (1986). Subject to an exclusion for response costs or 
damages resulting from the release of apollutant or contaminant, the Agency was 
empowered to recover all reasonable and necessary expenses, including response 
costs. Minn. Stat.§§ 115B.04, subds. 1 and,2, and 1l5B.17, subd. 6 (1986). 

The Waste Management Act of 1980, chapter. 115A; was amended every year from 
1981 through 1986. In 1984, the following provisions were added to:Minn. Stat. 
§ 116.07: 
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' Subd. 4f. Closure and postclosure responsibility and liability. 
An operator or owner of a facility is responsible, for closure of 
the facility and postclosure care relating to the facili~y. If 
an owner or operator has fajled to provide the required closure 
or postclosure care of the facility the agency may take the 
actions. The owner or operator is liable for the costs of the 
required closure and postclosure care 'taken by the agency. 

Subd. 4g. Closure and postclosure rules. The agency shall 
adopt rules establishing requirements for the closure of solid 
waste disposal facilities and for the postclosure care of 
closed facilities. ·The rules apply to all solid waste disposal 
facilities in operation at the time the rules are effecti~e. 
The rules must provide standards and procedures for closing · 
disposal facilities and for the care, maintenance, and monitoring 
of the facilities after closure that will preyent, mitigate, or 
minimize the. threat to public health and the environment posed 
by closed disposal facilities. 

Subd. 4h. Financial responsibility rules. The 'agency shall 
adopt rules requiring the operator or owner of a solid ~aste 
disposal facility to submit to the agency proof of the operator's 
or owner's financial capability to provide reasonable and 
necessary response during the operating life of the fa~ility and 
for 20 years after closure, and to provide for the closure of 
the facility and postclosure care required under agency rules •. 

·Proof of financial responsibility is required of the operator 
or owner of a facility receiving an original permit or a permit 
for expansion after adoption of the rules. Within 180 days of 
the effective date of the rules, proof of financial responsibility 
is required of an operator or owner of a facility with a remaining 
capacity of more than five years or 500,000 cubic yards that is 
in operation at the time the rules are adopted. Compliance with 
the rules is a condition of obtaining or retaining a permit to 
operate the facility. 

Minn. Laws 1984, ch. 644, § 49. 

The 1984 amendments to the Waste Management Act also created the 
metropolitan contingency action fund. Minn. Laws 1984, ch. 644, § 75 (codified 
as Minn. Stat.§ 473.845 (1986)). This fund1is financed by a fee on solid waste 
disposed of in the metropolitan area. The fund can be used at metropolitan area 
mixed municipal solid waste land disposal facilities to cover the costs of 
closure and postclosure care, and response costs at facilities that have been 
closed-for 20 years in compliance with Agency rules. The fund can also be used 
if the facility operator or owner cannot or will not take adequite or timely 
action, in which case the Agency may sue to recover incurred costs. The fund 
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was created to enable the Agency to take action at abandoned sites and at sites 
where costs exceeded the site's financial assurance funds. The attorney general 
may bring an action to recover Agency expenditures. 

Finally, the 1984 amendments included a provision. intended to provide close 
State oversight on the use of land disposal facilities outside the metropolitan 
area: 

No new capacity for disposal of mixed municipal solid waste may 
be permitted in counties outside the metropolitan area without 
a certificate of need issued by the agency indicating the 
agency's determination that the additional disposal capacity is 
needed in the county. A certificate of need may not be issued 
until the county has a plan approved under section 115A.46. If 
the original plan was approved more than five years before, the 
agency may require the plan to be revised before a certificate 
of need is issued under this section. The agency shall certify 
need only to the EXtent that there are no feasible and prudent 
alternatives to the· additional disposal capacity, including 
waste reduction, source separation, and resource recovery, that 
would minimize adverse impact upon natural resources ••• 

Minn. Laws 1984, ch. 644, § 45 (codified as Minn. Stat. § 115A.917 (1986)). 

A similar law passed in 1980 required new mixed municipal solid waste land 
disposal facilities in the metropolitan area to obtain a certificate of need 
from the Metropolitan Council. Minn. Laws 1980, ch. 564, art. X,§§ 11-13 
(codified in Minn. Stat.§ 473.823). The law was extended in 1984 to require a 
certificate of need for all new disposal capacity. Minn. Stat. § 473.823, subd. 
6 (1986). Also in 1986, the Agency adopted rules, titled ''Comprehensive Solid 
Waste Management Planning and Certificate of Need." Minn. Rules pts. 
7035.1100 to 7035.1115 (1987). These rules established a ten-year planning 
period for county solid waste management plans, with a review and possible 
update required every five years. 

The Legislature amended the Waste Management Act again in 1985, and directed 
the Legislative Commission on Waste Management (LCWM) to recommend to the 
Legislature mechanisms that would enable mixed municipal solid waste land 
disposal owners and operators to comply with the impending financial assurance 
rules mandated in Minn. Stat. § 116.07, subd. 4h. Minn. Laws 1985, ch. 274, 
§ 43. 

The 1985 amendments also delayed the deadline for owners and operators to 
comply with the financial assurance rules. The third sentence of Minn. Stat. 
§ 116.07, subd. 4h, quoted above, was amended to require proof of financial 
responsibility "within 180 days of the effective date of the rules or by 
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January 1, 1987, whichever is later • • '' Minn. Laws 1985, ch. 274, § 14. 
Further amendments in 1986 changed that date to .July 1, 1987. Minn. !.caws 1986, 
c h • 425 ' § 28. 

The 1986 amendments also added a State policy for the protection of potable 
water. Minn. Laws 1986, ch. 425, § 6 (codified as Minn. Stat.§ 115.063 (1986)). These· 
amendments apply to hazardous and radioactive waste rather than solid waste. 
However, the Legislature's findings cited in the policy are equally relevant to 
land disposal of solid waste since the impacts of polluting potable waters are 
the same regardless of the pollutant source. The policy reads as follows: 

115.063. H~zardous and radioactive waste; state potable water 
protection policy. 

The legislature finds that: 
(1) the waters of the state, because of their abundant 

quantity and high natural quality, constitute a unique natural 
resource of immeasurable value which 'must be protected and 
conserved .for the benefit of the health, safety, welfare, an.d 
economic well-being of present and future ~enerations of the 
people of the state; 

(2) the actual or potential use of the waters of the state 
for potable water supply is the highest priority use of that 
water and deserves maximum protection by the state; and 

(3) the disposal of hazardous waste and radioactive waste 
/ in Minnesota may pose a serious risk of pollution of the waters 

of the state, particularly potable water. 
It is therefore the policy of the ~tate of Minnesota, 

consistent with the state's primary responsibility and rights 
to prevent, reduce, and eliminate water pollution and to plan 
for the preservation of water resources, that depositories for 
hazardous waste or radioactive waste should not be located in 
any place or be constructed or operated in any manner that can 
reasonably be expected to cause pollution of potable water. 

Minn. Stat.§ 115.063 (1986). 

In addition to the growing legislative concerns about solid waste, there 
were many other reasons the Agency undertook the current rules revisions. These 
reasons will be developed more fully in the following section on the need for 
the rules, but ·a brief account now, before recounting the history of the current 
rules revisions, will explain why the Agency believes so large and involved an 
undertaking is necessary. 

The centr'al need for the revisions is environmental protection. The current 
rules, Minn. Rules pts. 7035.0100 to 7035.2500, are brief, non-specific, and 
oriented toward operational considerations and aesthetic o'r nuis·ance conditions. 
Their inadequacy in environmental protection became apparent in the early 
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1980's. 
In 1980, the Agency conducted the open dump inventory required by Subtitle D 

of RCRA. The Agency inventoried more than 1,600 sites. All but 135 of the 
~ites 1were active or historical municipal waste disposal sites or dump sites. 
After review of file information and site inspections, the Agency reported that 
86 sites, including eight permitted mixed munitipal solid waste land disposal 
facilities, should be rated as "top priorities" for pollution ~otential; 131 
more sites were listed as "high priority." See Exhibit I. 

In 1980-1982, the disposal of industrial and commercial quantities of 
hazardous waste was discovered or more fully explored at several solid waste 
landfills, including Ironwood in Fillmore County, Waste Disposal Engineering in 
Anoka County, and Winona in Winona County. Ground water contamination was found 
at each site. These incidents, coupled with'the knowledge that household 
quantities- of hazardous waste were entering every site, raised further concerns 
about the adequacy of facility design, monitoring and siting under the current 
r u 1 es • 

In the early 1980's, ground water monitoring at facilities began to include 
- - ' 

testing for volatile organic chemicals· (VOC's), many of which are toxic or 
carcinogenic at very low concentrations. To date, VOC's have been found in 
ground water at nearly every permitted mixed municipal solid waste land disposal 
facilities tested (60 of 61 facilities), regardless of size or remoteness. See 
Appendix I. 

The Agency had developed a voluntary program in 1980 for review of 
industrial solid waste proposed for disposal at mixed municipal solid waste 
disposal facilities (codisposal ). It became evident that this codisposal 
program should be restructured and included in the rules. The staff time 
required for review of individual wastes was substantial, and the staff's 
knowledge of the subsurface conditions at existing facilities was incomplete, 
hindering codisposal evaluations. The voluntary program covered only a small 
portion of the industrial solid waste disposed of in mixed municipal solid waste 
land disposal facilities. 

A shortage of disposal capacity at land disposal facilities in the 
metropolitan area and St. Cloud between 1978 and 1981 resulted in several 
facility closures and applications for expansion of permitted facilities. As 
the Agency reviewed these proposals and began to develop permit conditions 
appropriate to protect the environment, the current rules provided little 
guidance or support. 

The Agency had to wrestle with the complex issues of sitirig and design again 
when the Waste Management Act of 1980 established a metropolitan area facility 
siting program~ Each metropolitan area county was directed· to adopt an 
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inventory of three or four proposed sites, depending on the county's population. 
The Metropolitan Council could not approve or disapprove these sites until the 
Agency certified the intrinsic suitability of the sites for use as land disposal 
facilities. Minn. Stat. § 473.803, subd. la (1986). 

The Agency also became aware that existing provisions for financial security 
for closure, postclosure care, and corrective actions were inadequate. Faced 
with correcting the ground water problems caused by their acceptance of 
hazardous wastes, the owners of Ironwood Landfill simply closed the gates. 
After the Hansen Landfill in Blue Earth County ceased activities without 
properly closing the site, the county board refused to call in the performance 
bond that was held in its favor to guarantee payment of closure expenses. Funds 
were also insufficient for proper closure of the St. Augusta Landfill in Stearns 
County, the Waste Disposal Engineering site in Anoka County, and others. 

Developments elsewhere provided a stark contrast to the problems the Agency 
was experienting with the solid waste rules. Other states, such as Wisconsin, 
were requiring more sophisticated land disposal facility designs emphasizing 
liners and leachate collection systems, and more sophisticated hydrogeologic 
investigation, monitoring, and financial assurance arrangements. A 
comprehensive approach was taken in the Ag~ncy's 1979 hazardous waste rules 
(Minn. Rules ch. 7045) and in the 1980 federal .hazardous waste regulations 
(40 CFR parts 260 to 271). This contrasted sharply with the exi~ting solid 
waste program, especially in light of the growing awareness that many solid 
waste land disposal facilities ·were causing ground water problems comparable to 
those at hazardous waste di~posal sites. 

One_of the Agency's.responses to these deficiencies was reflected in its 
amending of facility·permits. Beginning in 1981-1982, the original permits 
without express expiration dates were upgraded to include increased 
hydrogeologic investigation, monitoring and design standards. The .upgraded 
permits eventually included provi~ions for finaricial assurance and corrective 
actions. The Agency used its general authorities under the statutes and 
existing regulations to carry out this upgrading of permits. The Agency also 
began the long process of revising the solid waste rules. 

The AgencY staff began reviewing and redrafting the solid waste rules in 
1981. Although considerable staff time and effort went into these internal 
drafts, the staff did not reach agreement on all provisions, and the revisions· 
were postponed without any drafts being circulated outside the Agency. During 
these early efforts, the Agency informed a large number of interested persons of 
its intention to revise rules dealing with hazardous waste, solid waste and 
sewage sludge management. Persons who wished to receive future mailings on the 
solid waste rules were asked to return a brief form to the Agency. From the · 

.. 



February 23, 1988 

-26-

responses, the Agency formed an original mailing list for all rule revisions. 
The mailing list was updated for the. solid waste rules in response to another 
specific form for solid waste rules, mailings, State Register notices, and 
requests from numerous additional interested persons .. 

Considerable internal review of the key issues took place again in late 
1982. The staff developed a series of position papers. Each paper examined a 
specific issue related to solid waste rules. These papers provided the basis 
for the rules proposed for adoption here. See Exhibit II. 

In June 1983, a unit was formed within the Agency's Division of Solid and 
Hazardous Waste to revise the solid waste rules. Before formulating policies or 
drafting new rules language, the Agency began an extensive process of reviewing 
existing solid waste programs and policy issues and soliciting ·outside opinion 
on these subjects. 

A Solid Waste Management Program Development History containing the date, 
action, and Agency responses discussed in the remainder of this section has. been 
prepared. See Appendix II. 

Agency staff prepared an informational item for Agency Board members and 
interested parties, including the associations representing land disposal 
facility owners and operators and counfy officials. This September 16, 1983 
item, titled "Solid Waste Management: Introduction to Issues and Staff 
Actions," presented the staff's review of the solid waste program and described 
the main issues the staff had identified thus far in the rulemaking effort. See 
Appendix II I. 

From August through November 1983, Agency staff held meetings to solicit 
suggestions on program and rule revisions from knowledgeable persons and interest 
groups, including county planning and zoning administrators, county· solid waste 
officers, refuse haulers and facility operators, recyclers, community and 
environmental groups, and other State and regional agencies. Two key groups 
were the associations then representing owners of private-sector land disposal 
facilities, the Minnesota Waste Association (MWA), and the Minnesota Association 
of County Planning and Zoning Administrators (MACPZA). Staff met with nine MWA 
representatives in Roseville on September 2, 1983 and with MACPZA at their 
September 9, 1983 Board of Directors meeting in St. Cloud. 

To help define and focus the issues, the Agency staff prepared a 
questionnaire that served as a basis for discussion during meetings. The 
questionnaire covered issues regarding solid waste planning, disposal abatement, 
enforcement, county responsibilities, ·industrial solid wastes, closure, 
postclosure care, contingency action, financial assurance and possible ',, 
supplemental funding ~id, and liability. The Agency mailed the questionnaire to 
all solid waste officers, county board chairpersons, and county zoning 
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administrators during August and September 1983 and prepared a Responsiveness 
Summary to provide a simple overview of the input. See Exhibit III. Comments 

' -.--
received reflected the diversity of the interests of meeting participants. 
Widespread agreement existed that a greater emphasis on environmental protection 
provisions was needed in the solid waste rules. 

The staff also surveyed other states by telephone, using a separate 
questionnaire. A summary of the results of this survey is available. See 
Exhibit IV. 

Based on the responses received, the staff prepared an action plan outlining 
main issues concerning solid waste management and the Agency solid waste 
program. The action plan also described actions the Agency should take in each 
of these areas. This document, titled "Changes in Minnesota's Solid Waste 
Management Program," was distributed on December 16, 1983 to all participants in 
the dis~ussions and all other recipients of the questionnaire. See Appendix IV. 
It was also distributed to the approximately 350 participants in the ''Evaluating 
Solid Waste Management Options'' conference held in Brooklyn Park on February 
23-24, 1984. This action plan established the main outline of the Agency's 
solid waste program changes, including revision of the rules, support for a new 
State fund to help pay for corrective action costs, and extensive efforts in 
solid waste management planning. Written comments were submitted on the action 
plan. See Exhibit V. 

Subsequent mailings and staff appearances sought furthei input from a broad 
range of interested persons on the substantial impending changes in solid waste 
regulation. The Agency Board, during its January 24, 1984 regular meeting, 
approved a suggested staff resolution supporting legislation to: strengthen 
solid waste management planning; require certificates of need for disposal 
capacity; add to the Agency's authorities to require financial assurance; and 
create a State fund for closure, postclosure care, and corrective actions when 
the operator is unable or unwilling to act. See Appendix V. In testimony 
supporting this legislation, Agency staff described the Agency's position on 
major solid waste issues in testimony at several well-attended legislative 
committee hearings in early 1984. See Exhibit VI. 

After enactment of the 1984 amen,dmen ts to the Waste Management Act, the 
Agency notified persons on the mailing list of the new statutory requirements. 
This May 7, 1984 mailing again solicited comments on the range of subject areas 
to be covered in the rules, and requested persons interested in receiving future 
mailings on the rules revisions to return a brief enclosed form. See Exhibit 
VII. This letter was sent to additional potentially interested persons on 
December 27. 1984. See Exhibit VII. The Agency also publ.ished a Notice 
of Intent to Solicit Outside Opinion in the State Register on May 14, 1984. 8 



·~·~· 

''l'i· 
. ··~· February 23, 1988 

-28-

S.R. 2420. See Exhibit VIII. 
During the early drafting of financial assurance and planning portions of 

the revised rules, the Agency found that several issues needed outside comment 
before drafts could be completed. On October 1, 1984; the Agency mailed a 
letter to persons on the solid waste rules mailing list who had indicated 
interest in planning and certificate of need and financial assurance. The 
letter contained a request for their response on issues, optional approaches, 
and the option then believed to have the most merit. Many parties responded to 
the financial assurance questions with detailed comments. See Exhibit IX. 

The Agency worked from March through September 1984 to develop an approach 
that would establish ground water quality standards for land disposal 
facilities. A separate October 1, 1984 mailing to selected outside technical 
experts described the Agency's proposal to include ground water quality 
standards in the solid waste rules. Two persons from outside the Agency 
submitted written comments. See Exhibit X. 

In late 1984 and early 1985, the staff prepared a series of internal drafts 
of the revised rules. These drafts incorporated sugg·estions made by people 
outside the Agency, including comments received at additional statewide meetings 
in late 1984 and early 1985. The drafts were extensively reviewed by Agency 
technical and management staff. 

The contents 6f the evolving rules drafts were explained and discussed in 
many meetings and public forums in late 1984 and early 1985. See Appendix II. 
Included among these was a series of eight meetings with multi-county solid 
waste planning groups, from December 1984 to March 1985, on the financial 
assurance provisions of the rules. On February 27, 1985, Agency staff met to 
discuss financial assurance with a technical review panel composed of bankers, 
insurance company representatives, and surety representatives. 

Agency staff members explained the proposed solid· waste rules in 
presentations on November 9, 1984 to the Minnesota Chapter of the Governmental 
Refuse Collection and Disposal Association and on February 20-21, 1985 at the 
Agency-sponsored annual Solid Waste Seminar in Bloomington. These presentations 
were attended by consulting technical personnel, local government officials, and 
facility owners and operators. In addition to the discussion and comments on 
the rules received in all these forums, some.of the comments in the many 
meetings held from January through June 1985 'on the proposed Comprehensive Solid 
Waste Management Planning and Certificate of Need Rules were also pertinent to 
the current rulemaking. 

The Agency published its second Notice of Intent to Solicit Outside Opinion 
in the State Register on January 28, 1985. 9 S.R. 1697. See Exhibit VIII. On 
January 29, 1985, the.Agency mailed the preli~inary draft of the financial 
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. 
assurance rules to interested persons on the rules mailing lisL The Agency 
requested comments and stated its willingness to me~t with interested parties 
upon request. See Exhibit XI. Written comments were received.· Agency staff 
responded with letters to many of the commentors. See Exhibit XI. 

The Agency entered into .discussions with the Minnesota Department of Health· 
on issues surrounding the Agency proposal to establish ground water quality 
standards for land disposal facilities. An Interagency Toxics Committee met 
nine times from April 1985 to January 1986. The Commfttee research~d and 
discussed a number of technical questions regarding allowable limits for 
consumption of contaminants and related health risk issues, and focused a 
portion of its activities directly on the solid waste rules proposals. The 
Committee's efforts culminated in February 1986 with the Department of Health's 
publication of a report, titled "Recommended Allowable Limits for Drinking 
Water." See Appendix VI. 

On June 18, 1985, the Agency notified all holders of industrial solid waste 
disposal facility permits that the rule revisions would affect only mixed 
municipal solid waste and demolition debris facilities, but that substantive 
rules revisions affecting other types of waste management facilities would await 
completion of this first rulemaking. See Exhibit XII. 

Preliminary drafts ·of the remaining portions of the solid waste rules :were 
mailed to interested per'sons on the rules mailing list during the summer of 
1985. The solid waste permit rule amendments were mailed July 1, 1985. The 
rules covering solid waste management facility standards and industrial solid 
waste handling (codisposal) were mailed August 1, 1985. See Exhibit XII. This 
mailing also included two papers that described proposed changes in the 
financial assurance rules. These changes were drafted in response to issues 
raised in meetings and written comments. The letter advised recipients of a 
series of informational meetings and requested comments on the rules at those 
meetings or in writing. 

The primary announcement of these informational meetings was a mailing dated 
July 23, 1985. Agency staff held eight meetings in seven cities in August and 
September 1985: Roseville, Owatonna, Marshall, Thief River Falls, Fergus Falls, 
St. Cloud, Grand Rapids, and again in Roseville. The six meetings outside· 
Roseville were full-day sessions. Agency staff explained each of the rules, 
then took questions and comments. The first Roseville meeting, direct~d largely 
at consultants and others interested in more detailed discussion of the 
technical provisions, took one and one-half d~ys. The final meeting; in 
Rosevi-l,le, was a half-day follow-up question-and-answer session. A total of 217 
people attended the eight sessions. The attendees included county 
commissioners, county solid waste officers, facility· operators, consultants, 
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representatives of industry, environmental groups, and persons representing 
other interests. Attendees commented on all of the rules; the comments were 
later summarized by Agency staff. See Exhibit XIII. 

Agency staff met with the Agency Board's Solid and Hazardous Waste Committee 
in Grand Rapids on October 3-4, 1985 on the financial assurance portions of the 
proposed rules. See Exhibit XIV. At the latter meeting, staff explained the 
rules dealing with financial assurance and design, operational, and ground water 
performance standards for mixed municipal solid waste land disposal facilities, 
and received suggestions and extensive questioning from Board committee members. 

The Agency continued to meet with numerous individual interested groups and 
technical experts, sometimes at the request of the interested parties and other 
times at the Agency's request. All these meetings are listed in Appendix II. 
Brief comments on a few of the meetings follow. Agency staff met in July 1985 
with well drillers, soils engineers, and Minnesota 'Department df Health 
regulators on the requirements for water monitoring systems at mixed municipal 
solid waste land disposal facilities, and with representatives of analytical 
laboratories and ground water sampling firms on the sampling and analytical 
requirements. In July and August 1985, the Agency met with the Minnesota 
Chapter of the National Solid Waste Management Association (NSWMA) on the 
financial assurance provisions. These provisions were discussed with 
representatives of trust companies on September 24, 1985. The rules were 
discussed in meetings with the Association of Minnesota Counties on August 16, 
1985; the Minnesota Association of Commerce and Industry on September 18 and 
October 16, 1985; and the Metropolitan Inter-County Association Environment 
Committee on May 5, 1986. The Agency met with representatives of the Consulting 
Engineers Council on April 9 and April 17, 198~. 

The Agency continued to present discussions of the rules at larger seminars 
and conferences. These included speeches to solid waste seminars sponsored by 
MN/NSWMA on July 19, 1985 in Bloomington and by MN/NSWMA and the Association of 
Minnesota Counties on December 12, 1985. Another speech, to the Association of 
Minnesota Counties annual convention on January 27, 1986 presented the Agency's 
position on financial assurance issues. Return visits to the Agency-sponsored 
Annual Solid Waste Seminar in Bloomington on February 20-21, 1985, 
February 19-20, 1986 and February 19, 1987 were devoted to presentations, 
questions, and comments on the rules. 

Additional meetings with the Agency Board's Solid and Hazardous Waste 
Committee were held in Roseville on January 27 and February 24, 1986. At the 
first meeting, discussion.covered the rules provisions regarding solid waste 
storage, transfer facilities, refuse-derived fuel processing facilities, and 
codisposal of industrial solid waste at mixed municipal solid waste land 
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disposal facilities. The second meeting covered the permit rules and continued 
discussion of codisposal issues. See Exhibit XIV .• 

In February and March 1986, the Agency held a series of·meetings statewide 
to give county commissioners, county solid waste officers and facility operators 
another opportunity to question Agency solid waste program managers and 

· rulewriters and comment on the rules specifically and the solid waste program in 
general. These half-day working sessions were jointly sponsored by the 
Association of Minnesota Counties, the recently-formed Minnesota Association of 
County Solid Waste Officers, and the Agency. The working sessions were held in 
ten cities: Rochester, Eveleth, Walker, Mankato, St. Cloud, Thief River Falls, 
Fergus Falls, Slayton, Montevideo, and Roseville. The format involved a minimum 
of staff presentations and an extended opportunity for questioning and 
discussion. A total of 255 people attended the ten sessions. See Exhibit XV. 

Taking into account both the written and oral comments, Agency staff 
redrafted all portions of the rules. A final draft combined the permit, 
financial assurance and all other portions of the rules. This draft was mailed 
to all interested persons on the mailing list on September 5, 1986. The letter 
requested recipients to provide written comments, and announced another round of· 
public informational meetings. These meetings were held in October 1986 in six· 
cities: Duluth, Brainerd, Marshall, Detroit Lakes, Rochester, and St. Paul. 
See Exhibit XVI. 

The last part of'1986 included other meetings with specific groups. The· 
Agency staff on November 14, 1986 mailed another comment request to everyone on
the mailing list. This letter advised readers that the period for receiving 
comments had been extended and described, in general terms, the Statement of 
Need and Reasonableness and its role in administrative hearings. 

The staff had two meetings in late 1986 with the Agency Board's Solid and 
Hazardous Waste Committee. The first meeting was held on November 24 and 
concentrated on the technical rules' ground water standards. The second meeting 
was held on December 15 and covered revisions made in earlier drafts of the 
financial assurance rules. 

The Agency staff met with various interested people on March 18 and 19, · 
, 1987 to discuss final changes in the draft rules. The people attending these 

meetings represented the commentors who had submitted written comments on the 
September 1986 draft of the rules. 

In summary, Agency staff has put in considerable effort to give full 
exposure to the concepts and the specific language in the proposed rules.· All 
persons:l·iving in Minnesota have been given an opportunity for input into the 
rulemaking. 

J 
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IV. NEED FOR THE PROPOSED RULES 

Minn. Stat. § 14.14, subd. 2 (1986) requires an agency to make an 
affirmative presentation of facts establishing the need for and the. 
reasonableness of the proposed rules. In general terms, this means that an 
agency must set forth the reasons for proposing rules and the reasons must not 
be arbitrary or capricious. However, to the extent that need and reasonableness 
are separate, need has come to mean that a problem exists and requires 
administrative attention and reasonableness means that the solution proposed by 
the Agency is a proper one. The Agency will first address need. 

The need for these rules arises from the following sources: 

1. The requirements of Minn. Stat. §§ 115.03, 115.07, 115A.02, 115A.42, 
115A.917, 116.07, 116.081, and 116D.02 (1986). 

2. The· need to manage waste in an effective manner to protect human health 
and the environment. 

3. Federal· R·esource Conservation and Recovery Act criteria for classifying 
solid waste disposal facilities and practices (40 CFR ·part 257). ·, 

4. The Hazardous and Solid Waste Amendments of 1984 requiring states to 
adopt and implement a permit program to ensure that facilities which 
accept household hazardous waste are in compliance ~ith the criteria of 
40 CFR part 257. 

A. Requirements of Minn. Stat. §§ 115.03, 115.07, 115A.02, 115A.42, 
115A.917, 116.07, 116.081, ~nd 116D.02 (1986). 

The Minnesota Legislature has ''given and charged'' the Agency with the power 
and duty: 

(~) To adopt, issue, reissue, modify, deny, or revoke, 
enter into or enforce reasonable orders, permits, variances, 
standards, rules ••• to prevent; control or abate water 
pollution, or for the installation or operation of disposal 
systems . • . ; . 

(1) Requiring the dis~ontinuance of the discharge 
of ••• wastes into any waters of the state .•• ; 

(3) Prohibiting the storage of any liquid or solid · ·•· · 
substance or other pollutant in a manner which does not 
reasorably assure proper retention against.entry into any 
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waters of the state . • • ; , 
(4) Requiring the construction, installation, 

maintenance, apd operation by any.person of any disposal. 
system .•. to prevent, contrbl or abate any discha~ge or 
deposit of sewage, industrial wastes or other wa~tes by 
any person •... 

Minn. Stat. § 115.03, subd. 1 (1986). 

Minn. Stat.§§ 115.07, subd. 1; 116.07, subd.-42;andll6.081, subd. 1 all 
require a permit to operate a facility. The procedure for obtaining a permit 
must be established by rulemaking. The Agency Js undertaking this rulemaking 
process to establish permitting procedures for solid waste management 
facilities. 

More specifically, the Minnesota Legislature has required the Agency:to 
"adopt standards for the control of the collection, transportation, storage, 
processing, and disposal of solid waste •.• for the .prevention and abatement 
of water, ai~, and land pollution ..•. '' Minn. Stat. § 116.07~ subd. 2 
(1986). The Legislature has supplemented that basic duty and made it ~ore 
specific with the following: 

Subd. 4. Rules and standards. . . . Pursuant and subject to 
the provisions of chapter 14, and the provisions hereof, the 
pollution control agency may adopt, amend, and rescind rules and 
standards having the force of law relating to any purpose within 
the provisions of Laws 1969, chapter 1046, for the collection, 
transportation, storage, processing, and disposal of solid waste 
and the prevention, abatement, or control of water, air, and land 
pollution which may be related thereto, and the deposit in or on 
land of any other material that may tend to cause pollution ••.. 
Without limitation, rules or standards may relate to collection, 
transportation, processing, disposal, equipment, location, 
procedures, methods, systems or techniques or to any other matter 
relevant to the prevention, abatement or control of water, air, 
and land pollution which may be advised through the control of 
collection; transportation, processing, and disposal of solid 
waste •.. and the deposit in or on land of any other material 
that may tend to cause pollution. 

Minn. Stat. § 116.07, subd. 4 (1986). 

The proposed rules are needed to provide a comprehensiv~ program capable of 
protecting human health and. the environment during the collection, 
transportation, storage, processing, and disposal of solid waste. The r~les for 
solid waste management facilities will establish a·system that minimizes the 
migration of pollutants into the air, land, and waters of the State, detects 

. ·; \ 
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impacts on the environment, and ensures the availability of financial resources 
to operate the facilities.· 

In the Waste Management Act of 1980, the Minnesota Legislature stated its 
goals for solid and hazardous waste management; The 1980 Act states that it is 
the goal of the State to improve waste management in the State to serve the 
following purposes: 

(a) Reduction in waste generated; 
(b) Separation and recovery of materials and energy from waste; 
(c) Reduction in indiscriminate dependence on disposal of waste; 
(d) Coordination of solid waste management among political 

subdivisions; 
(e) Orderly and deliberate development and financial security of 

waste facilities including disposal facilities. 

Minn. Stat. § 115A.02 (1~86). 

The Minnesota Legislature has stated that land disposal of waste is not a 
desirable management option. -The Legislature is also concerned about the 
financial stability of the owners of waste facilities, particularly as financial 
conditions relate to environmental protection. The proposed rules are needed to 
assure the financial security of disposal facility operations, closure, 
postclosure care, and corrective actions. 

The Legislature's concern for waste management in Minnesota is further 
emphasized through the amendments to the Waste Management Act of 1980. 
Amendments were made in every year from 1981 through 1986. In particular, the 
1984 amendments gave very specific direction to the Agency regarding solid 
waste disposal facilities. These directives are included in the following 
provisions of Minn. Stat. § 116.07. 

Subd. 4f. Closure and postclosure responsibility and liability. 
An operator or owner of a faciJity is responsible for closure of 
the facility and postclosure care relating to the facility. If 
an owner or operator has failed to pr9~ide the required. closure 
or postclosure care of the facility the agency may take the 
actions. The owner or operator is liable for the costs of the 
required closure and postclosure care taken by the agency. 

Subd. 4g. Closure and postclosure rules. The agency shall 
adopt rules establishing requirements for the closure of solid 
waste disposal facilities and for the postclosure care of 
closed facilities. The rules apply to all solid waste disposal'';' 
facilities in operation at the time the. rules are effective.· 
The rules must provide sta~dards and procedures for closing 
disposal facilities and for the care, maintenance, and 
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monitoring of the facilities after closure that will prevent, 
mitigate, or minimize. the threat to publ\c health and the. 
environment posed by closed disposal facilities. 

Subd. 4h. -Financial responsibility rules. The agency shall 
adopt rules requiring the operator or owner of a solid waste 
disposal facility to submit to the agency proof of the operator's 
or owner's financial capability to provide reasonable and 
necessary response during the operating life of the facility 
and for 20 years after closure, and to provide for the closure 
of the facility and postclosure care required under agency rules. , 
Proof of financial responsibility is required of the operator or 
owner of a facility receiving an original permit or a permit for 
expansion after adoption of the rules. Within 180 days of 
the effective date of the rules ••• , proof of financial 
responsibility is required of an operator or owner of a facility 
with a remaining capacity of more than five years or 500,000 
cubic yards that is in operation at the time the rules are 
adopted. Compliance with the rules is a condition of obtaining 
or retaining a permit to operate the facility. 

Minn. Stat. § 116.07, subds. 4f, 4g and 4h (1986). 

The proposed rules are needed for the Agency to meet the legislative 
directives regarding the closure and postclosure care of solid waste disposal 
facilities. The proposed rules are needed to establish the financial 
responsibility of an owner or operator as it relates to the closure and 
postclosure care requirements. 

The proposed rules are needed to provide a coordinated process by which 
disposal facilities may receive a permit after a certificate of need has been 
issued by the Waste Management Board. 

No new capacity for disposal of mixed municipal solid waste may be 
permitted in counties outside the metropolitan area without a 
certificate of need issued by the [Waste management] board 
indicating the board's determination that the additional disposal 
capacity is needed in the county. A certificate of need may not 
be issued until the county has a plan approved under section 
115A. 46. • • . 

Minn. Stat. § 115A.917 (Supp. 1987). 

In summary, the proposed rules are needed to prevent, abate and control 
water and land pollution, as required by Minn. Stat. §§ 115.03 and 116.07, 
subds. 2 and 4 (1986), for the reasons stated above. The proposed rules are 
needed to provide financial security_of waste facilities as stated in the Waste 
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Management Act of 1980, Minn. Stat.§ 115A.02 (1986), discussed above. The 
proposed rules are further needed to establish standards for closure, 

' . . 
postclosure care and financial responsibility, as required in Minn. Stat. § 
116.07, subds. 4f, 4g,, and 4h (1986). The proposed rules establish a mechanism 
by which the certified capacity for land disposal of mixed municipal solid waste 
is reflected in Agency permits. Minn. Stat. § 115A.917 (Supp. 1987). 

B. Comprehensive Waste Management to Protect Human Health and the 
Environment. 

In 1967, the Minnesota State Legislature created the Minnesota Pollution 
Control Agency and mandated a study concerning the control of solid waste within 
the State. The study would serve as guidance for solid·waste management. 

A study was completed by Henningsen, Durham and Richardson in 1969. 
Reference 1. The study enumerated problems at dumps throughout Minnesota. 

1. Unsightliness due to blowing paper. 
2. Uncontrolleg burning. 
3. Lack of cover. 
4. Scavenging ~nd salvaging permitted. 
5. No attendants on-site. 
6. No quantity records maintained. 
7. No rodent or insect control. 
8. No ultimate use pla~ for the sites. 
9. Placement of waste in the water table. 

10. Placement of hazardous waste on-site. 
11. No record of clqsed site locations. 
12. Poor county planning. 

After describing the most common solid waste management problems of 1967 and 
1968, the report recommended the following ?Ctions: 

1. Promote state and local legislatio~ to improve operations 
at dump sites . 

2. Develop and enforce standards. 
3. Provide leadership in solid waste management. 

In 1969, the Agency adopted an air quality rule (now codified as Minn. Rules 
pts. 7005.0700 to 7005.0820 (1987)) regulating open burning. The rule was 
adopted to eliminate air pollution problems resulting fr~~ facii)ties .without 
proper air pollution control devices and nuisance conditions resulting from open 



• 

burning. , This rule 
reduction at dumps~ 
techiques increased 

February 23,.1988 

-37 ._ 

elimin~ted the use.of burning as ~method of solid wast~ 
Thus, the need for proper management and operation·al 

in magnitude because permitted land disposal facilities 
would take in more solid.waste than.dumps; 

On January 12, 1970, the Agency adopted solid waste rules (now codified as 
Minn. Rules pts. 7035.0300 to 7035.2400 (1987)) to address the col)ection, 
transportation, :and disposal of solid waste. These rules were intended to close 
mismanaged dumps and institute the practice of sanitary landfilling, thereby 
eliminating nuisance conditions at the dumps .. The permits allowed by the rules 
contained standards regarding the amount and frequency of cover, the compaction 
of the solid waste, methods for disposal of the waste, reporting requirements, 
and other operational standards. The permits did not require a ground water 
monitoring system at.each.facility. Having a ground water monitoring system 
remained an optional standard until 1973. 

In 1971, research available fr~rri' ·academic and. federal government progr~ms 
indicated potential problems resulting from accepting industrial and hazardous 
wastes at mixed municipal solid waste landfills. The Agency required permit 
applications to designate areas and special handling techniques for storage or 
disposal of industrial and hazardous wastes at mixed municipal solid waste land 
disposal facilities. This process allowed these wastes to be stored or disposed 
of at a facility while the Agency gathered further information to determine the 
effects the ~astes would have on ground water: · 

In 1972, the EPA published a guidance manual for the design and operation of 
sanitary landfills. The manual was titled "Sanitary Landfill Design and 
Operation" (SW-65ts). · The. manual :recommended ,a ·five-foot separation between the 
fill base and the water table. EPA's.research indicated the separation would 
remove enough readily-decomposed organics and bacteria to make leachate 
acceptable for mixing with ground water. The manual also recommended that two 
feet of cover and impermeable li~ers be used to control 'the movement of liquids 
into and out of these facilities. There was no recommendation on the 
permeability needed to ensure the effectiveness of the c:over and liner design. 

With the above information, the Agency began a review of the solid waste 
rules to determine changes that would ·improve its ability to protect Minnesota's 
environment. Until the changes could be made, permit and enforcement actions 
continued to emphasize operati6nal standards. Reviewing the available 
information on disposal facilities and discovering leachate seeps at permitted 
sites caused the Agency to recognize that ground water co~ld eas~ly be 
polluted. The Agency determined that changes were needed.to prevent pollution. 

' ' , 
Therefore, in 1973, the.Agency wnended the solid waste rules to stre~gthen 

the land disposal facility standards. The rule revisions were primarily based 
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on the 1972 EPA guidance manual. The changed requirements included a minimum 
five-foot separati-on distance to ground water, mandatory ground water and gas 
mo~itoring, stricter control on the w~stes accepted at the facilityi and 
prohibition on disposal of hazardous wastes, liquids, sludges, and special 
infectious wastes at mixed municipal solid waste land disposal facilities. All 
permit applications were required to include a hydrogeologic study with at least 
one soil boring placed to a depth of 50 feet below the proposed excavation and 
lowest elevation of the site. 

The 1973 rule revisions also i~cluded a new rule, now codified as Minn. 
Rules pt. 7035.2500 (1987), containing closure requirements for dumps and 
sanitary landfills. This rule was intended to ensure sites were adequately 
covered, sloped to encourage surface drainage, and seeded to prevent erosion. 
The rules as amended in 1973 were deemed adequate to protect the environment, 
based on the information then available. 

During the 14 years that the current ·permit and technical standards have. 
been in effect, considerable new information has been obtained. through 
literature review and actual monitoring data. This information shows that the· 
existing rules do not provide adequate environmental protection. 

In Minnesota, it is estimated that over 1,600 open dumps were used for solid 
waste disposal; The majority of these sites were ·located in undesirable areas 
such as floodplains, swamps, and gravel pits. The Agency directed.solid waste 
management efforts at closing the open dumps in coordination with the 
construction of sanitary landfills. The permits issued for these early landfill 
facilities contained little guidance on standards pertaining to the landfills. 
Initial permits had no expiration dates. The lack of direction and dates in.the 
permits has created considerable difficulty in enforcement of the existing solid 
waste rules. A more systematic approach is· needed to issue permits and modify 
them as necessary to accommodate technological changes. 

In 1984~ the Agency took steps to develop a consistent approach to the 
permitting process for all facilities governed under air quality, water quality, 
hazardous waste, and solid waste rules. The existing ·permit rules were revised 
and consolidated into one set of rules~ Minn. Rules ch. 7001. · However, few 
provisions specific to solid waste management were included in the 1984 permit 
rule revisions. Therefore, revisions are needed to the rules addressing the 
permitting of solid waste management facilities. 

To better understand the need for revisions to the permit· rules, it Js 
necessary to look at the changes in solid waste technology and management 
procedures that have occurred in the last decade. In the 1970's, it became 
clear that land disposal facilities were not designed adequately to protect the 
environment. In 1979, a report to the joint legislative committee on solid and 

' 
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hazardous waste indicated that land disposal was-not the best management 
technique and solid waste management should ~e directed to alternatives other 
than land disposal. Reference 2. This report became the basis for the Waste 
Management Act of 1980. The Waste Management Act established a State policy for 
solid waste management that included the use of alternatives to land disposal. 
The Waste Management Act required counties to develop solid waste management 
programs that do not rely on land disposal. The 1984 amendments·to the Waste 
Management Act required counties to obtain a certificate of·need for any 
additional land disposal capacity needed for mixed municipal solid waste. A 
certificate of need can only be issued after alternative management techniques 
are implemented. 

As counties undertook comparing alternative solid waste management 
techniques, they looked to the Agency for permit requirements and technical 
design and operational standards. The existing rules do not address the 
permitting of recycling facilities, refuse-derived fuel processing facil·ities, 
or co-composting faciliti.es. Therefore, revisions to the permit rules are 
needed to enable counties to compare management alternatives and to provide 
permit applicants sufficient information so the Agency can review facilities' 
potential impacts on human health and the environment. 

To obtain a certificate of need counties must establish a solid waste 
management system that incorporates the use of recycling, composting or other 
methods to reduce the amount of mixed municipal solid waste .that must be land 
disposed. As discussed in item C below, Minn. Stat. § 115A.917 (Supp. 1987) 
prohibits the permitting of new capacity for disposal of mixed municipal solid 
waste in the·nonmetropolitan area without completion of the planning process and 
issuance ·of a certificate of need. Minn. Stat. § 473.823 sets a similar 
requirement for disposal of mixed municipal sol'id waste in the seven-county 
metropolitan area. Therefore, revisions to the permit rule are needed to 
reflect these statutory requirements. 

In 1974, water monitoring results showed that land disposal facilities 
impacted ground water quality. Additionally, leachate was observed leaking from 
side slopes and fill areas at the facilities. These early warnings indicated 
that something was wr.ong and·land disposal facilities could cause pollution. 
However, these monitoring results were contrary to the perceived fundamentals of 
facility performance and no standards existed to measure the nature of the 
impacts. The Agency, counties and facility operators believed these problems 
were related to poor.operation rather than poor design or location. This belief 
resulted in incre~sed enforcement efforts to correct poor:operational practices. 
Little was done to change designs. 

In 1975 and 1976, the Agency put considerable effort into closing dumps and 
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permitting land disposal facilities. The Agency. had permitted approximately 125 
land disposal facilities and demoliti9n debris land disposal sites by this time. 
About 100 facilities had some sort of monitoring system. Ten facilities had 
documented leachate problems, and two had leachate. collection systems. Typical 
monitoring systems at facilities during this time consisted of one private water 
supply well located at a nearby residence, which may. have been as far as one 
mile away, or suet ion lys imeters placed around the fi 11. ~rea to monitor the 
unsaturated soil ione. At some facilities, owners and .operators installed and 
attempted to determine.ground water.flow directions. At this time the Agency 
believed that three monitoring wells, one upgradient and-two downgradient, could 
provide adequate information to defe~mine the impacts of•1he landfill on the 
surrounding environment. 

In 1976, the federal government enacted the Resourca Conser~ation and 
Recovery Act (RCRA) in response to the new American ideal. of self-sufficiency 
resulting from the 1973 oil embargo. RCRA promoted resource recovery and 
resource conservation as well as controlling dispo~al of· solid.and hazardous 
waste. Relative to solid waste, RCRA requires many planning activities and 
established mini~al performance standards for land disposal facilities. These 
performance standards were used to determine the status of a disposal. facility -
dump versus landfill. RCRA required all states to complete an open dump 
inventory. By 1977, the majority of-Minnesota dumps were closed and landfills 
permitted. Unfortunately, many of the dumps had not been covered properly or 
sloped to promote run-off of precipitation. Operations at some sites were so 
poor that the landfills looked like dumps and were perceived as such. 

In 1977, the Agency attempted to correct deficient operational practices 
through enforcement actions rather than rule revisions. During this time, for 
example, legal action was taken against the owners of the Oak Grove Landfill. 
The facility had violated operational standards. The county of Anoka and the 
Agency jointly revoked the operating permit for the facillty. In an Agency 
hearing, the permit was revoked; however, in an appeal to the court system, the 
revocation was overturned. The court found that violati9ns of operational 
requirements, specifically daily cover and litter control, were not sufficient 
cause for revocation as they could not be directly linked to pollution 
abatement. This finding cast doubt on the enforcement ability of the Agency. 
The proposed rules are needed to better define the po11,ution abatement actions 
required at a solid waste management facility.. · 

By 1979, the Agency began to focus cin ground·~at~r.issues in general, and 
hazardous waste in particular. In 1979, the Agericy adopted· hazardous waste 
rules. The EPA followed with rules in 1980. These actions focussed the State's 
attention on hazardous waste. In 1980, the Agency comp 1 eted the open d(Jmp 
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inventory mandated in RCRA. More than 1;6b0 sites were inventoried and all but 
135 were active or hist6rjcal mixed municipal ~olid waste land disposal 
faci 1 i ties or dumps. After revie1~ing file information and conducting site 
inspections, 86 sites were rate~ as top priorities for pollution potential. The 
Agency identified-a need to close open dumps and control operations at permitted 
facilities. 

The discovery of hazard6us waste disposal at solid waste facilities further 
reminded the Agency of potential.pollution problems. During 1980 to 1982, the 
Agency discover.ed ground water contamination at solid waste facilities including 
Ironwood Landfill 1n Fillmore County, Waste Disposal Engineering Landfill in· 
Anoka County, Winona Landfill "in W1nona County~ Hibbing Dump in St. Louis 
County, Oakdale Dump in··Mashington C6unty, and Windom Dump in Cottonwood County. 
These discoveries, coupled with the knowledge that household quantities of 
hazardous waste enter solid waste land disposal facilities, again raised 

' ' 
concerns about tne adequacy of the existing design, monitoring, and siting 
r u 1 es. 

In 1980, the Agency developed a program to review industrial solid waste 
intended for disposal at mixed _municipal solid waste land disposal facilities. 
The program was developed as a f6llow-up program, to the hazardous waste 
disclosure program ~nd to address the rule· now codified as Minn. Rules pt. 
7035.1700, item V (!987). The existing rule reads as follows: 

V. -Th~ following shall not be acceptable for deposit in sanitary 
1 andfi.ll s except- in' amounts. normal in household waste: 
(4) Other substances that may be dee~ed unacceptable by the agency. 

The industrial solidwaste program was voluntary and consisted of an Agency 
review of data provided bY the waste generator, the design and operation of the 
facility, and ground water monitoring test results. From this information, the 
Agency determined ,the suitability of the proposed facility for use as a disposal 
site for the waste in question. Each waste was required to be analyzed and no 

. . .. 
blanket approvals were granted. For example, paint filters from one industry 
.were not considere~ acceptable without proper analyses unless the processes and 
materials could be shown to be the same as those found in an industry that 
previously analyzed the waste. Disposal' of only 7 percent of the total amount 
of industrial solid waste generated actually was approved through the codisposal 
process. The staff time needed to review individual codisposal requests was 
overwhelming and little actua.l site hydrogeologic information was available. 

Difficulties also. arose in delivery of waste to the disposal site. The 
Agency's approval stated ·only that the.waste described by the accompanying data 
was acceptable for disposal at a particular site. The facility owner had the 
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final approval and the responsibility to ensure that waste delivered to the 
facility was indeed the waste approved. Inspection of.: incoming waste was not 
stringent.in many cases. Many facility owners did not accept either their 
responsibility or the consequences of inappropriate wastes being delivered to 
the faci 1 ity. 

This problem became particularly important in the case of the Ironwood 
Landfill in Fillmore County. Generators shipped hazardous waste to the facility 
along·with wastes that were approved through the codisposal process. The 
hazardous waste contaminated ground water and required costly:remedial actions. 
This facility had been considered an acceptable disposal site for nonhazardous 
waste because the little site infor~ation available at the time indicated the 
subsurface soils consisted mainly of clay. As the facility owner conducted 
ground water monitoring, it became clear how little. the owner knew .about the 
hydrogeologic conditions at the site. 

The Agency reconsidered the need for upgraded design. and operational 
standards and a means to handle nonhazardous ·industrial solid waste. The 
facility o~erators' association (Minnesota Waste Association) requested that the 
codisposal process be put into rule so all facilities must comply. The proposed 
rules need to address the issues of managing industr.ial solid waste at mixed 
municipal solid waste land disposal facilities and developing adequate design 
requirements. \ 

In 1980, ground water monitoring at land disposal facilities expanded to 
include testing for organic pollutants. From this testing, it became apparent 
that leachate from mixed municipal solid waste land disposal facilities 
contained a variety of organic pollutants. The testing program included mainly 
volatile organic chemicals, many of which are .toxic or carcinogenic at very low 
levels. Volatile organic chemicals a~e found in ground.water at nearly every 
permitted mixed municipal solid waste land disposal facility tested regardless 
of size or location. Even more surprising to the Agency was its inability to 
connect the contamination of ground water to the disposal of a particular 
industrial solid waste disposed of at the site. This once more pointed to the 
need for rule revisions to upgrade monitoring requirements. 

Administrative problems show a need for stricter rules. The first permitted 
facilities began operations in 1972. Some of these facilities were reaching 
capacity in 1980. Others incurred considerable expenditures due to ground water 
contamination. Operators were deciding to shut down operations, close the gate, 
and walk away, leaving closure work and ground water cleanup undone. The 
circumstances at numerous sites (Ironwood, Hansen, St. Augusta, Winona and Waste 
Disposal Engineering) indicated that funds were not being set aside to properly 
close fac·il it i es. The Agency faced the need to take leg a 1 action to get 
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facilities properly closed. The proposed rules are needed to ensure sufficient 
funds are available to complete closure, postclosure care and corrective 
actions. 

The Agency has recognized the need to update its. so 1 i d waste program to 
emphasize the proper design, operation, and construction of land disposal 
facilities. Since 1976, the state of Wisconsin has required liners, leachate 

I 
collection systems and sophisticated hydrogeologic studies, as have other states 
such as New Jersey and California. The Agency responded to the deficiencies in 
its solid waste program in two ways. 

First, a team of staff members was organized to begin a rule rev1s1on 
process and existing permits were amended. The 1981 rulemaking process, 
although short-lived, provided the necessary basis for development of a 
long-term.solid waste regulatory program. The process demonstrated the enormous 
comp.lexity of developing a State solid waste management progr~m that adequately 
addressed the technological advances. 

Beginning in 1981, the Agency upgraded the original, nonexpiring permits to 
include increased hydrogeologic investigation, monitoring, and design standards. 
The Ironwood Landfill incident was a significant factor in the decision to 
upgrade all permits. Removal of hazardous waste improperly disposed of at 
Ironwood disrupted much of the site. The Agency recognized that an in-depth 
hydrogeologic investigation, monitoring system and ·des~gn upgrade were needed to 
properly treat the contaminated ground water •. The operator had little incentive 
to complete these tasks voluntarily~ The option required ·changes through the 
permit process. The Agency determined what changes were needed (hydrogeologic 
study, closure requirements, monitoring, engineering plans, etc.) and amended 
the permit, following opportunity for public participation. Since the Agency 
could not repermit all land disposal facilities at once, a priority system was 
developed to handl~ the sites deemed in moSt need of permit upgrading~ The 
priority was based on the facility size, monitoring results, and other critical 
factors about the facility. 

The permit upgrade process affected recent trends in solid waste management. 
The facility upg~ade process is expensive and facility operators felt they were 
mistreated because not all facilities entered the process at the same time. In 
an attempt to remedy what they saw as unfair practices in a competitive market, 
these operators requested that the Agency revise the solid waste rules to 
require all facilities to upgrade their sites at tlie same time. Facil.ity 
operators tried other means to avoid costs. For instance, when an amended 
permit was issued to Ironwood, the operators chose to close and left without 
completing closure requirements. The operator of the Winona Landfill, when 
faced with the cost of permit upgrade, told the county he would close~ The 

. ' 



February 23, 1988 

-44-

county purchased the facility. When Siblej County was required to upgrade its 
site, the county turned over management to a private party. The city of 
Rochester sold its facility to Olmsted County. The proposed rules are needed to 
ensure that necessary studies and engineering requirements are applied across 
the board and to minimize any competitive disadvantages that might occur. 

In 1982, the Agency again undertook a program analysis to determine the 
approach needed regarding solid waste management. The Agency wrote position 
papers to address the various aspects of the Agency's solid waste program. 
These papers were used as internal working documents and.formed.the foundation 
for the proposed rules. The papers discussed issues and options and 
recommendations on the approach that should be taken. Issues discussed included 
enforcement, closure/postclosure care, industrial solid waste management, 
per,formance standards compared to design standards, ground water monitoring, and 
alternative solid waste management facilities. 

In response to the increase in detected ground water pollution and the 
issues discussed in the position papers, the Agency formed a special unit to 
work on revising the solid waste rules in 1983. The rules included upgraded 
design and operational standards, financial assurance requirements, ground water 
standards, and procedures for completing a hydrogeologic study. The existing 
permit rules were found insufficient to properly address the latest 
technological advances in s~lid waste management •. The proposed rules need to 
contain a cohesive regulatory system for managing solid waste. 

In 1983, the Agency contracted with the fi~m of Eugene A. Hickok and 
Associates to conduct a hydrogeologic assessment of land disposal facilities 
located in two different environments,·sandplain and clay. The purpose of the 
assessment was to: determine if the facility passed or failed the RCRA ground 
water criteria; gain information on the appropriateness of location, design and 
operation of the faci 1 ity; and build a data base of information to support the 
development of a ground water protection strategy framev10rk for the State. The 
hydrogeologic assessment of land disposal facilities reached the following 
conclusions: 

1. A land disposal facility could be sited in-either sandplain or clay 
with careful engineering design and long-term operation of the 
facility, although the engineering needs would not be necessarily the 
same. 

2. The use of cover material of an impermeable nature that is properly 
graded to· facilitate surface water run-off can significantly reduce 

·leachate generation. 
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3. A liner and leachate collection system at a clay facility is important 
to minimize the potential ground water impacts by synthetic organics 
and other chemicals. 

4. The use of a liner and leachate collection system can significantly 
abate the potential for ground water contamination ~n a sandplain 
environment. 

The consultant prepared a final report on the hydrogeologic assessments 
conducted at sites located in clay and sandplain environments. See Exhibits 
XVII and XVIII. 

Since the existing solid waste rules did not address the construction of 
liners, leachate collection systems, or impermeable covers, revisions to the 
solid waste rules are needed. 

C. Resource Conservation and Recovery Act Requirements. 

As discussed in_Part II, RCRA requires the 'EPA to adopt guidelines for 
comprehensive solid waste management plans: 42 U.S.C. § 6944. These plans were 
to require the disposal of solid waste in sites having no reasonable probability 
of impacting health or the environment. Id. Subsequent .regulat~ons contained 
criteria for clas~ifying disposal sites as sani~ary landfills or op~n d~mps. 
The facilities fulfilling the criteria were classified as sanitary landfills and 
those that did not were classified as open dumps. 

Among the factors included in the criteria established under RCRA were · 
floodplain siting, surface water quality impacts, ground water quality impacts, 
landspreading of sludges and.other wastes; open burning and air quality impacts, 
explosive gases, bird hazards to aircraft, and control of access.· 40 CFR part 
257. In 1980, the Agency classified disposal sites in Minnesota as either 
sanitary landfills or open dumps. The'list of open dumps was submitted to EPA 
for inclusion on the national inventory of open dumps. The owner·or operator of 
an open dump was required by the Agency to close or upgrade the site to meet the 
criteria of 40 CFR part 257 and the State -solid waste rules. 

Disposal facilities remain that violate the criteria listed in 40 CFR part 
257. As stated under 40 CFR section 257.3, any facility that fails to meet 'the 
criteria poses a ''reasonable probability of adverse effects on health or the 
environment." Many of these facilities are converted dumps and have not been 
designed, constructed or operated with industry standards considered necessary 
to meet the criteria • 

. The proposed rules are necessary"to facilitate the Agency bringing 
faciliti~s into complianc~ with the criteria discussed ~bove. 

-~ 
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D. Hazardous and Solid Waste Amendments of 1984 -November 1987 Permit 
Program Revision Deadline. 

The Hazardous and Solid Waste Amendments of 1984 (Pub. L. 98-616, 98 
Stat. 3268 et seq.) amend section 4005 of RCRA (45 U.S.C. §·6945) to address the 
control of hazardous waste at solid waste facilities. Specifically, by November 
1987 states v1ere to have adopted and implemented a permit program or other 
system with prior approval to ensure that facilities that accept household 
hazardous-waste are in compliance with EPA's criteria. The amendments require 
EPA to determine whether each state has developed an adequate permit program. 
The process has been delayed. Recent correspondence indicates that EPA criteria 
will be published in mid-1988. 

In the past, EPA reviewed state permit programs by reviewing each stat.e's 
solid waste management plan developed under section 4007 of RCRA (42 U.S.C. 
§ 6947).· The review and approval process consisted of a general review of the 
State plan and focused on whether the regulations or statutes addressed the 
criteria. The review did not consider how the program would ensure that 
facilities met the criteria. For example, to satisfy the "no ground water 
contamination" criterion, EPA looked to see that ground water monitoring 
requirements were included in the regulation. EPA has stated it intends to be 
more specific in approving permit programs in the future. Two options are 
currently being considered. Both will require detailed permit programs and 
accompanying technical standards. For instance, EPA would require each state's 
rules to include requirements for a leachate collect1on system and would 
determine if the standards for the leachate collection system are adequate. 

The proposed rules are needed to ensure that the date that will be 
substituted for the November 17, 1987, deadline established by the Hazardous and 
Solid Waste Amendments of 1984 is met and that the Agency's permit program 
contains the necessary detail to ensure the criteria are met. 

In summary, the proposed rules are needed: to ensure land disposal facility 
operations _are properly financed for closure, postclosure care, and contingency 
action; to establish ground water standards for analyzing the performance of 
solid waste facilities; and to establish proper design and operational 
standards. The proposed rules are needed to comply with federal and State laws 
and to protect the health, safety and welfare of the State's citizens. 
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V. STATEMENT OF REASONABLENESS 
- ••. r_ I·' 

The Agency is required to make an affirmativ~ pre~entation of facts 
establishing the reasonableness of the proposed rules. Minn. Stat. § 14.14, 
subd. 2 (1986). Reasonableness is the opposite ~f arbitrariness and 
capricousness and means that there is a rational basis for the Agency's proposed 
action. The.purpose of this section is to demonstrate that each provision is a 
reasonable approach to its defined function. 

The discussion below addresses the reasonableness of the provisions of the 
rules that the Agency proposes to adopt or amend. 

A. Reasonableness of Proposed Amendments to Parts 7001.0010 to 7001.0210. 
PERMITS. 

The existing permit rules were adopted pursuant to Minn. Stat. § 116.07, 
subds. 4 and 4a. That law allows the Agency to issue permits for solid waste 
facilities and to adopt rules concerning solid waste facilities. Parts 
7001.0010 to 7001.0210 establish a permitting procedure that is logical, fair, 
and gives the public and the applicant an adequate opportunity to comment on the 
permit. The rules provide an opportunity to hold a contested case hearing or 
public informational meeting. They set out reasonable conditions to be included 
in the permit. . ' . 

The following discussion addresses the reasonableness of the amendment of 
individual provisions of the rules. 

1. Part 7001.0020 SCOPE. 

Item A of this pa~t esiablishes the scope· of the permit rules as to solid 
waste management facilities. The permit rules apply to an Agency permit for 
''storage, treatment, utilization, processing, transfer, intermediate disposal, 
or final disposal of solid waste." Item A is amended to make more specific the 
scope of the permit rules as they relate to permit applications for transfer 
facilities, recycling facilities~ refuse-derived fuel processing facilities, and 
composting facilities. Reducing the time period from 180 days to 90 days for· 
submittal of those applications is reasonable because the listed facilities are 
less complex and less Agency review time will be necessary. Agency review of· 
the permit application to adequately protect the environment is less involved 
because the submittals and facility designs are simple and straightforward. 

.. \; 
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2. Part 7001.0040 APPLICATION DEADLINES. 

This part establishes the timing for an applicant to file a permit 
application. Proposed new subpart 4 requires that a preliminary application for 
a new mixed municipal land disposal facility must be filed at least 90 days 
before the date planned to start activity needed to complete a detailed site 
evaluation. It is reasonable to require a preliminary application and that it 
be submitted in advance of the detailed site evaluation because of the extensive 
time and expense involved ina detailed 'site evaluation. The submiss1on of a 
preliminary application gives the Agency time, for example, to advise the 
applicant that a particular location may or may not be suitable for permitting 
and to recommend other locations be investigated before the applicant completes 
a detailed site evaluation. This preliminary review by the' Agency will reduce 
the time and expense incurred by an applicant by eliminating the need for 
numerous soil borings and monitoring wells at a location the Agency considers 
unsuitable for use as a land disposal facility. 

3. Part 7001.0050 WRITTEN APPLICATION. 

This part sets forth the information required to be submitted by the 
applicant. Item I has been amended to ,include a reference to new provisions 
applicable to applications for permits to construct and operate solid waste 
management facilities that are unique to those facilities. The amendment will 
inform solid waste management facility permit applicants of the requirements 
unique to the applications regarding their facility~ 

4. Part 7001.0060 SIGNATURES. 

This part specifies who must sign permit applications. The purpose of these 
\ 

requirements is to ensure that the signer has authority to bind the applicant. 
This makes the applicant directly.accountable and responsible for the statements 
made in the permit application. 

Items A to C are existing provisions and have not been amended. 
Item D is amended to include solid waste management facilities in the 

the exception to the applicability of the requirement that the operator and 
owner of the facility sign the application. It is reasonable-to include solid 
waste management facilities in this provision because it provides consistency 
with other Agency programs. 

Item E provides that if the landowner is different than the facility owner, 
both the landowner and the facility owner must sign the application. The 
requirement that both the landowner. and the facility owner sign the application 
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is reasonable because each of these parties has som~ degree of control over the 
facility or activity. Both should be accountable for the information th~t 
appears in the permit application. 

Item F provides that an engineer registered in the State of Minnesota sign 
all reports and plans prepared for a solid waste management facility permit 
application. The requirement that an engineer registered in Minnesota sign all 

' plans and reports prepared for the permit application is reasonable because the· 
design of the facility is critical to the performance of the facility and having 
an engineer registered in Minnesota approve the design offers at least some 
assurance of proper design. The preparer of the design should be responsible 
for the information that appears in the permit application. 

5. Part 7001.0140 FINAL DETERMINATION. 

Part 7001.0140 sets out the main criteria for and the form of the Agency's 
decision on a permit application. 

Subpart 1 of this part provides that the Agency shall issue, reissue, revoke 
and reissue, or modify a permit if the Agency determines that the proposed 
permittee wi 11 comply or wi 11 undertake a schedule of compliance to achieve 
compliance with all State and federal pollution control statutes and rules and 
that all applicable requirements of Minn. Stat. ch. 1160 (1g86) and the rules 
promulgated thereunder have been fulfilled. This subpart is amended to require 
that, for solid waste management facilities, Minn. Stat. ch. 473 must also be 
complied with. It is reasonable that the rules be amended to refer to chapter 
473 because that law provides that solid waste management facilities constructed 

I 

in the seven-~ounty Twin Cities Metropolitan Area must fulfill the requirements 
of the Metropolitan Council's·Co.mprehensive Plan before the Agency may issue a 
permit. 

Subpart 2 sets forth findings of the Agency that constitute justification 
for the Agency to refuse issuance of a new or modified permit, to refuse permit 
reissuance, or to revoke the permit without reissuance. Subpart 2 is amended to 
include item F which refers to the requirements of Minn. Stat .. ch. 473. It is 
reasonable to include this provision as justification for the Agency to refuse 
permit issuance because the Metropolita~ Council is responsible for overall 
planning in the seven-county metropolitan area. Without approval of facilities 
to be constructed, the Metropolitan Council cannot comply with its statutory 
responsibilities. 
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T' "6. ,-. Part 7001.0170 JUSTIFICATION TO COMMENCE' MODIFICATION OF PERMIT OR 
REVOCATION AND REISSUANCE OF PERMIT. 

This part currently sets out ei·ght conditions that justify the start of 
proceedings to modify a permit or to revoke an'd reissue a permit. The 
conditions that justify modification or revocation and reissuance of a permit 
a·re: ·new facility conditions that have a potential to affect the environment; 
receipt of new information; changes in pollution control statutes or rules due 
to federal, State or court action; events beyond the control of the permittee; a 
finding by the Commissioner that a change is needed in order to remove a danger 
to human health or the environment, or receipt of a request to transfer the 
permit. It is reasonable to amend these con~itions by adding a reference to a 
new rule that alerts solid waste.ma~agement facility permittees to th~ events 
that will trigger the modification or revocation and reissuance of an Agency 
permit. This provides permittees with assurance that unjustified unilateral 
actions will not result in permit modification or revocation. 

7. Part 7001.0190 PROCEDURE FOR MODIFICATION; REVOCATION AND REISSUANCE; 
AND REVOCATION WITHOUT REISSUANCE OF PERMITS. 

This part consists of three subparts that provide the procedures for 
modifiGation, or revocation and reissuance of permits. · 

Subpart 3 lists minor modifications that do not need to go through the 
. ' 

entire public notice procedure •. These minor modifications do not involve an 
increase·in the emission or discharge_of pollutants into the environment and do 
not reduce the Agency's ability to monitor the permittee's compliance with 
pollution control statutes 'and rules •. This subpart reduces the Agency effort 
needed to make permit changes that have. no adverse environmental impact. Item .D 
has been amended to add a reference to a new rule that addresses changes that 
will be considered minor modifications of solid waste management facilities. It 
is reasonable to amend this particular subpart to add a specific reference to 
minor modifications.of solid waste management facilities as it provides 
permittees with a complete list of items that can be changed without entering. 
the lengthy and costly permitting process. 

v 
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B. Reasonableness of Proposed New Parts 7001.3000 to 7001.3550 SOLID WASTE 
MANAGEMENT FACILITY PERMITS. 

It is reasonable to adopt new rules that-specifically address permits for 
only solid waste management facilities because the standard permitting procedure 
rules alone cannot address the requirements specific to thes.e facilities .. The 
following discussion addresses on a·part-by-part basis the reasonableness of the 
proposed rules governing the issuance ·of solid waste management facility 
perrnits. 

1. Part 7001.3000 SCOPE. 

This part lists the existing and new Agency rules that govern the.permit 
application procedures and issuance procedures applicqble to a solid waste 
management facility permit. Making existing Agency r~les applicable to a solid 
waste management facility permitting process, to the extent possible, provides 
consistency among the Agency's permitting programs.-

2. Part 7001.3025 DEFINITIONS. 

This part incorporates by reference definitions contained in parts 7001.0010 
and 7035.0300. Making definitions that are applicable to the Agency's overall 
permitting procedure also apply to the parts directed specifically to solid 
waste management facilities provides consistent use and interpretation of terms. 

3. Part 7001.3050 PERMIT REQUIREMENTS.· 

This part identifies the activities and facilities to be included 
(subpart 1) and excluded (subpart 2) from the requirement to obtain a solid 
waste management facility permit. It also establishes that certain facilities 
are permitted-by-rule if they meet certain requirements (subpart 3) and that 
their eligibility for permit-by-rule status may be terminated under certain 
circumstances (subpart 4). The reasonableness of these sections is discussed 
below. 

Subpart 1. Permit required. This subpart identifies the operations and· 
facilities subject to the requirement to obtain. a permit. The Agency has the 
duty to regulate the management of solid waste, including its treatment, 
storage, processing or disposal. Minn. Stat.§§ 116.07, subds. 2, 4 and 4a and 
116.081, subd. 1 (1986). Requiring facility owners that treat, store, process, 
or dispose of solid waste to obtain a solid waste mana~ement facility permit 
is the most efficient method' by which the Agency may evaluate the ability of 
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solid waste management systems to operate in accordance with environmental and 
human health protection standards. It is appropriate that activities such as 
the establishment, construction, operation, closure, or expansion, of facilities 
are subject to the permit requirements because it is at these critical times 
that the Agency can affect the facility owner's abi]ity to comply with standards 
and permit conditions that will best protect human health and the environment. 
If a person were allowed to establish and construct a facility without obtaining 
a permit, the Agency could be in the position later of choosing between allowing 
the existence of a facility that does not meet the location and design standards 
of the rules or stopping the operation of a fully-constructed facility, thus 
causing a substantial economic loss. Without a reviev1 of the facility des.ign 
and operation procedures proposed for the facility, the Agency has no assurance 
that appropriat~ environmental protection standards and rules will be complied 
with. 

Subpart 2. Exclusions. Certain activities, if performed in compliance with 
specific standards, present a low potential for adverse effects on human health 
and the environment. 1he issuance 6f a permit for those ~ctivities would not 
alter o( reduce this potential. Backyard compost areas (item A) have this low 
potential for adverse effects. Due to the large number of homeowners that 
compost, it is reasonable to exempt this activity from permit requirements 
because of the minimal benefit received from any additional administrative 

' burden. The burden of obtaining a permit would discourage the establishment of 
backyard compost areas. That result would directly conflict with Minn. Stat. 
§ 1160.02 (1986) of the State Environmental Policy Act. This policy designates 
the reuse of solid waste as the Stat~'s highest manage~ent priority. 
Additionally, some solid waste management facilities are regulated under other 
Agency rules. Requiring th~~ to obtain a solid waste management fac~li~y permit 
is unnecessary to protect human health and the environment. Therefore, it is 
reasonable to exempt sewage sludge landspreading facilities (item B) from permit 
requirements in addition to those already imposed by Minn. Rules ch. 7040. 

Subparts 3 and 4. Permits-by-rule and termination of eligibility for 
permit-by-rule. Subpart 3 establishes six categories of facilities deemed to 
have obtained a permit without making application if the owner or operator meets 
certain conditions set out in the rule. Subpart 4 allows the Agency to 
terminate the eligibility of a facility owner or operator if the owner or 
operator violates any requirements of parts 7035.0300 to 7035.2875, or conducts 
activities that would require an individual solid waste management facility 
permit, .or if the Agency finds that an individual permit is necessary under the 
circumstances to protect hgman health or the environment. The reasonableness of· 
the provisions of subparts 3 and 4 are discussed below. 
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Items A and B of subpart 3 relate to facilities that because of their small 
size present a low potential for environmental harm (transfer facilities, 
demolition debris land disposal facilities). Item A provides that certain 
transfer facilities are eligible for permit-by-rule status. Transfer facilities 
with a capacity of less than 30 cubic yards do not receive enough waste to be of 
concern provided that minimum design and operational standards afe satisfi~d .. 
Therefore, it is reasonable to permit these facilities by rule and simply 
require notification of their existence to ensure design and operational· 
standards are complied with. Item B makes small demolition debris land 
disposal facilities eligible for permit-by-rule status. Demolition ·debris 
is a relatively inert material with a low potential for environmental harm. 
Demolition debris is generated during the destruction of buildings and the 
removal of roads resulting in the need for numerous short-term, small disposal 
sites. Because of the administrative burden and the inert material being 
managed, it is reasonable to permit-by-rule demolition debris land disposal 
facilities operating less than 12 consecutive months and having a capacity less 
than 15,000 cubic yards, if they notify the Agency and design and operate the 
facility in accordance with Agency standards. Transfer facilities and 
demolition debris land disposal facilities are also governed by local ordinances 
and monitored by these governmental units. 

Items C, D and F of subpart 3 establish recycling centers, compost 
facilities handling only yard waste, and non-sludge wood waste or water 
treatment lime sludge storage sites as permit-by-rule facilities. These 
facilities handle wastes that have ·a low potential for environmental harm if 
proper management procedures are followed. These facilities require minimum 
standards. The detailed review ~nd public input of the permit process would be 
of little benefit to ensure protection of the environment. 

Item E of subpart 3 establishes energy recovery facilities governed by air 
quality rules as permit-by-rule facilities. It is reasonable tb grant energy 
recovery facilities solid waste management permits by rule because the air 
quality permit will impose stringent standards for the protection of the 
environment. Solid waste management concerns are addressed in the air quality 
permit and there is no need to duplicate this effort by issuing a solid waste 
management facility permit. 

Item G of subpart 3 applies to facilities receiving solid waste from the 
exploration, mining, milling, smelting and refining of ores and minerals. These 
facilities are regulated under the Minnesota Department of Natural Resources 
rules on mining and the Agency's rules for State disposal systems. ·Further 
regulation of facilities accepting only solid waite gen~rated from the 
exploration, mining, milling, smelting and refining of rires and minerals under a 
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solid waste management facility permit.would not provide additional protection 
of human health or the environment. Obtaining an additional solid waste 
management facility permit would unnecessarily burden the applicant for no 
additional health or environmental protection. 

Subpart 4 establishes the reasons for which the Agency may revoke 
permit-by-rule status for a facility. Since the facilities included in subpart 
3 are not always covered by another permit, provisions for terminating 
eligibility to be permitted-by-rule are included. The rule allows individuals 
with a facility in permit-by-rule status the opportunity for a public 
information meeting or contested case hearing if the Agency acts to terminate 
this status. 

There· are three findings any one.of which constitutes justification for the 
Agency to terminate eligibility. It is reasonable to terminate eligibility for 
a facility in violation of the conditions listed in subpart 3 and the Agency 
technical rules for design, construction, and operation of solid waste 
management facilities since compliance with these conditions and requirements 
serves as the basis for eligibility to be permitted-by-rule. It is also 
reasonable to t~rminate permit-by-rule eligibility if a facility is required to 
obtain a solid waste management facility permit for other solid waste 
activities. Conducting other solid waste management activities at the facility 
could affect the management alternative permitted-by-rule, thus making it 
necessary to address operation of the entire facility in an individual permit. 
It is reasonable to terminate the eligibility of a facility for permit-by-rule 
status if circumstances exist which show that a more detailed review of the 
facility design and operation by the Agency is necessary to ascertain how human 
health and the environment will be protected. Permit-by-rule status has been 
deemed appropriate by the Agency for solid waste management activities small in 
size or limited in waste types a'ccepted. If these situations are altered in the 
manner discussed above, it is reasonable that the Agency.use the permit review 
process to scrutinize facility activities. 

4. Part 7001.3055 CLOSURE/POSTCLOSURE CARE. 

This part requires the Agency to issue a closure document ·at the time a 
solid waste management facility is closed. Agency rules contain requirements 
for monitoring, site maintenance, testing, reporting, and operation of on-site 
features after closure. The closure document will serve as the enforceable 

·instrument to be used by the' Agency to insure that these activities are 
completed. Long-term care is needed at some facilities because leachate will 
continue to be generated, the potential for erosion exists, vegetation must be 

I 



I) 

February 23, 1988 

-55-

cared for, etc. Therefore, it is reasonable to issue a closure document at the 
time a facility ceases. operation to inform the facility owner or operator of the 
requirements imposed after closure, to allow the facility owner or operator the 
opportunity to request a public information meeting or contested case hearing 
regarding the closure document, and to provide for long-term care activities. 

5. Part 7001.3060 DESIGNATION OF PERMITTEE. 

This part requires the Agency to designate the landowner, facility owner, 
and facility operator as co~permittees for any solid waste management facility 
permit. Each of these parties has some control and responsibility for the 
activities that occur at the site • .It is reasonable to require that all owners 
and operators be permittees to ensure that all who have control over the 
facility or land on which the faci]ity is lo~ated are directly responsible for 
compliance with the permit and Agency rules. Designating only the facility 
operator would not be reasonable, because it would allow absentee owners to 
escape responsibility for use of. their land. Similarly,·designating only 
facility owners would not ensure that daily operations are properly completed. 
Therefore, it is reasonable to designate the landowner, facility owner and 
facility operator as co-permittees to clearly indicate to-each party that they 
are responsible for the activities conducted at the site. 

S orne commen tors dis agreed with the designation of 1 andowners as 
co-permittees. They felt it was unjust to require landowners leasing out 
property for use as a solid waste management facility to be responsible for 
on-site activities. They also suggested that the inclusion of landowners as 
co-permittees could create situations affecting other business transactions 
because the association with a solid waste management facility would be Niewed 
as negative. The Agency feels that a landowner is responsible for activities 
that occur on property owned and leased ·at solid waste management facilities 
during their operating life and after closure. This direct alliance with the 
facility indicates a need for the landowner's continued awareness 'of facility 
operations. This awareness is most reasonably assured by the use of a permit. 
Establishing the landowner as co-permittee allows the direct input of the 
landowner on facility activities. 

,I 
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6. Part 7001.3075 SOLID WASTE MANAGEMENT FACILITY PERMIT APPLICATION. 

This part describes in general terms certain of the application requirements 
for existing and new solid waste management facilities. The areas covered 
include the submittals and timing of permit applications. 

Subpart 1. Application submittals. Subpart 1 requires a final permit 
application for all solid waste management facilities. The permit applicant for 
a mixed municipal solid waste land disposal facility must also submit a 
preliminary application and a detailed site evaluation report. The preliminary-· 
application is a screening mechanism to determine the potential suitability of a 
site or sites for use as a land disposal facility. The screening mechanism 
assists the permit applicant by eliminating sites considered unpermittable by 
the Agency before expensive hydrogeologic work is undertaken. Therefore, it is 
reasonable to have mixed municipal solid waste .land disposal facility permit 
applicants submit a preliminary application before the final application to 
eliminate unnecessary expenditures of time and money on.sites considered 
unsuitable for permitting. 

The detailed site evaluation work plan required with the preliminary 
application addresses the complete soil boring and hydrogeologic workup of a 
potential land disposal facility. The detailed site evaluation is a 
time-consuming effort, but without it many design and operational detisions 
could not be made. The detailed site evaluation determines the soil types 
present on site and the ground water conditions present below the soil surface, 
and develops data for use in determining design for liners, covers, monitoring, 
and potential corrective actions. It is reasonable to require a detailed site 
evaluation to minimize the expenditure of time and money on a site that is 
unsuitable for permitting. Based on the findings of the detailed site 
evaluation, plans and specifications for the design, construction~ and operation 
of a facility can be developed. This cost is avoided if the site is 
unpermittable based on site conditions.· 

Subpart 2. Timing of application. Item A of subpart 2 requires a person 
who proposes to construct a new mixed municipal solid waste land disposal 
facility to submit the preliminary application at least 90 days before work 
begins on the detailed site evaluation. This is .a reasonable requirement to 
allow time for review of the application, for conferring with the applicant 
regarding site conditions and the detailed site evaluation work plan included in 
the application, and for consideration of the time needed to complete the 
detailed site evaluation and submit a final application. The Agency considers 
the 90-day period as the minimum time needed to review the application. 
Obtaining comments and conferring with the applicant concerning the site 
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conditions and detailed ·Site evaluation work plan c~uld take more than 90 days. 
It is to the applicant's. advantage to submit the application as soon as possible 
to allow for these discussions. Therefore, it is reasonable to require that the 
permit application be submitted at least 90 days before work begins on the 
detailed site evaluation. 

Item B of subpart 2 indicates the timing for application for reissuance of 
existing permits is governed by part 7001.0040 unless the Commissioner receives 
a written request for an extension of time. The extension may not ~o beyond the 
permit expiration date. The Agency recogniies· that problems can arise in 
completing applications because of the time needed to obtain certain types of 
information. If the applicant demonstrates good cause, it is reasonable to 
allow the time extension for submission of the application for permit 
reissuance. Part 7001.0160 provides for cqntinued operations under expired 
permits if the Agency has not taken ·final action due to. no fault of the 
permittee. It is reasonable to provide a time extension for filing the 
application for reissuance to allow the permittee to operate the facility under 

' a permit. 

7. Part 7001.3125 DENIAL OF CONTINUED OPERATION OF AN EXISTiNG LAND 
DISPOSAL FACILITY. 

This part provides that the Agency may deny the owner or operator of an 
existing land disposal facility a solid waste management facility permit to 
operate if the owner cannot bring the facility into compliance with new or 
existing financial assurance, locational, operational and design requirements, 
and ground or surface water, or air quality standards. If the Agency denies a 
permit to operate, the Agency must issue a closure document and may allow the 
owner up to five years to comply with the closure requirements. One of the 
Agency's prime responsibilities is to protect the environment and human health. 
To allow continued operation of facilities where the owner or operator cannot 
properly finance closure, postclosure care, and corrective action costs and 
bring the facility into compliance with design and op~ational standards would 
be in direct conflict with this responsibility. Therefore, it is reasonable for 
the Agency to deny a permit to operate a facility under such circumstances. 

Because the faciltty owner may not be prep~red to close wheri the Agency· 
decides to close the facility, it is reasonable to allow the facility owner time 
to achieve proper slopes, install the required ground water monitoring system, 
and complete other steps needed prior to closure. Five years is a reasonable 
time for the facility owner to complete closure activities because of the need 
for filling active working areas to an elevatidn·.providing adequate grades that. 
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prevent erosion, for completing hydrogeologic studies and for installing 
monitoring wells. More time would prolong conditions deemed unacceptable while 
shorter times may prevent adequate closure activities. 

8. Part 7001.3150 CERTIFICATION OF PERMIT APPLICATIONS AND REPORTS. 

This part iterates that any person signing the permit application or any 
report submitted to the Agency must cer.tify to the truth and accuracy of the 
information contained in these documents as required in part 7001.0070. The 
part also requir~s a certifier to ac~now1edge awareness of penalties for false 
submissions. Additionally, all technical reports, plans, specifications, and 
engineering and studies must be signed by an engineer registered in Minnesota. 
Requiring an engineer registered in Minnesota to certify all technical documents 
ensures that the facility is designed and all work is completed in accordance 
1~ith ·Minnesota standards. 

It has been suggested that it is not registered engineers who .should sign 
off on hydrogeologic sfudies completed in fulfillment of permit or rule 
requirements; rather only qualifying hydrogeologists should verify the quality 
of these studies. However, there currently exists no state or nationally 
recognized certification procedure for hydrogeologists and none is expected for 
some time in the future. It would be unreasonable for the Agency to require 
hydrogeologic studies to be completed by a certified hydrogeologist when no 
nationally recognized certification program exists. It is reasonable to require 
an engineer registered in Minnesota to sign all reports used in designing the 
facility in order that the engineer is aware of and understands the portions 
of the reports that may impact the facility design. Minn. Stat. § 326.02, subd. 
3, requires the signature of a registered engineer on all plans or designs done 
to meet requirements for public safety. A permit applicant will be investing 
considerable time and money into the completion of a hydrogeologic study that 
will provide reasonable assurance that a facility located at such a site will 
have a low risk for ground water pollution if the facility is designed taking 
the hydrogeologic setting 1nto consideration. It is, therefore, reasonable that 
an engineer registered in Minnesota sign for the data and conclusions presented 
in a hydrogeologic evaluation report. 

It is also reasonable to require the signature of a person knowledgeable in 
hydrogeology. Agency staff held several meetings with the local chapter of the 
American Institute of Professional Geologists to develop rule language on the 
need for someone knowledgeable in the field of hydrogeology to certify the truth 
and accuracy of the information supplied in hydrogeologic studies. Although no 
national certification program currently exists, professionals in the field of 
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hydrogeology have expressed their concern that reports supplying information on 
the hydrogeologic characteristics of a site be compl~ted by knowledgeable 
people. They believe_ that this is best accomplished by requiring the signature 
of the responsible party on all reports. The Agency agrees that persons with 
expertise in the field of hydrogeology complete the work and be held accountable 
for the interpretation provided in the reports. The language proposed in this 
part requires that a person knowledgeable in the field of hydrogeology sign all 
ground water and surface water monitoring reports and hydrogeologic studies. It 
is reasonable to require this signature because the interpretation of soil 
borings and ground water data at a site is critical to the performance of the 
facility and the determination if the site is .suitable for use for solid waste 
management. The ability to interpret hydrogeologic data is developed through 
education and experience and it is reasonable to require the review of this data 
by a person knowledgeable in the field. 

9. Part 7001.3175 CONTENTS OF PRELIMINARY APPLICATION. 

This part specifies the information to be contained in a preliminary 
application for a mixed municipal solid waste land disposal facility permit. 
The preliminary application provides the Commissioner with information needed to 
recommend the site's suitability for use as a land disposal facility. The 
application provides a work plan and schedule to complete the detailed site 
evaluation. 

This part requires that four copies of the. complete preliminary application 
be submitted to the Commissioner. Four copies of the complete preliminary 
application are required because two copies will remain at the Agency's central 
office, one copy will be returned to the permit applicant, and one copy will be 
sent to the appropriate Agency regional office. 

Some commentors on the proposed rules have expressed concern about the 
requirement for preliminary applications. They raised concerns about the 
requirements for submittal and the terminology used in describing the process. 
One commentor suggested that if the title were·changed from preliminary 
application to preliminary notification the public's perception of the 
application process would improve. It is feared that the term application will 
create an approval/disapproval process rather than an advisory process. In 
turn, it is suggested that lawsuits will be generated at this point to block 
further investigation and siting of the facility. The Agency does not believe 
that the change in terminology will affect the process. No public notice will 
be issued regarding the preliminary application and resulting Agency advice. 
The preliminary application process is a matter between the permit applicant and 
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the Agency. It is reasonable to provide for early Agency input into the siting 
process to alert permit applicants to the suitability of a site and any 
special requirements for design and construction based on site conditions, and 
minimize unnecessary costs for work at an unsuitable site. 

The information required in a preliminary application is readily available 
with minimal site investigation. The preliminary application rule requires the 
applicant to collect background data and prepare for a more detailed site 
evaluation. The applicant needs this information in any case so the rule does 
not require extra effort to be expended by the applicant. In many cases, 
applicants h~ve iought Agency advice voluntarily because of the impo~tance to 
them of obtaining Agency input into the siting process. Early .Agency 
involvement provides the applicant with information needed to comply with the 
solid waste rules in designing the facility. This process will allow for 
shorter review time by the Agency of the final' permit application and allow for 
the construction of the facility 'sooner. . 

Some of the information required under this part was suggested to the Agency 
by commentors who feel the preliminary application serves a useful process in 
initiating discussions on critical permitting issues like waste disposal 
capacity needed, ·phased ~ite evaluation needs, and leachat~ treatment. It is 

. reasonable to provide a vehicle for initiating work based on an understanding of 
what is needed to obtain a permit as it allows for a more efficiently planned 
approach to completing the necessary activities. 

Items A, B, C, F and G refer to the applicable portions of existing Agency 
permit rules. It is reasonable to refer to parts 7001.0050, 7001.3200, and 
7001.3275 and Minn. Stat. §§ 115A.917 and 473.823 so that the permit applicant 
wi 11 be alerted to the information requirements in other parts of the proposed 
rules and in statutes. The information requirements of part 7001.0050 
(incorporated into items A and B) are basic identification information needed 
for all facility permits. This information refers to facility owners, facility 
location, and topographic information available about the site. Part 7001.3200 
(item C) details the information included in a preliminary site evaluation 
report. Minn. Stat. §§ 115A.917 and 473.823 (item F) address the requirements 
that a county or land disposal facility owner must meet to obtain a certificate 
of need for land disposal capacity before a mixed municipal solid waste land 
disposal facility permit may be issued. This requirement alerts the permit 
applicant that there must be a need for the disposal capacity before the Agency 
can issue a permit. This must be done early in the siting process to eliminate 
work being completed for a site that cannot be permitted because no land 
disposal capacity is authorized. Part 7001.3175 (item G) contains the 
requirements for completion of a detailed site evaluation. By referring to this 
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part, the permit applicant is informed of.the information needed to complete the 
evaluation and to establish a work plan for completing the detailed site 
evaluation. 

It is reasonable to require the information listed in this part because it 
is needed to complete the final application, is available at minimal cost and 
effort, and provides early indications \~hether the site is suitable for use as a 
land disposal facility. 

Item H requires that the preliminary application include a discussion on 
efforts made to secure treatment facilities for leachate generated at the· 
facility. The applicant must begin to search out leachate treatment options 
early in the siting process to determine if on-site treatment or pretreatment 
facilities are needed and to make appropriate size adjustments on the land 
acquisition. A chosen site may be suitable for disposal, but not for on-site 
leachate treatment. Requiring preliminary investigations into leachate 
treatment will eliminate unnecessary redesign or delays due to unavailability of 
leachate treatment. 

10. Part 7001.3200 PRELIMINARY SITE EVALUATION REPORT. 

This part lists the information required in the preliminary site evaluation 
report. The preliminary site evaluation report provides information needed to 
determine a site's potential for use as a mixed municipal solid waste larid 
disposal facility. 

In the preliminary site evaluation report, the permit applicant is required 
to submit a statement of the land disposal capacity needed. The method of site 
selection must be included. Minn. Stat. § 115A.917 (1987) requires that 
counties not in the metropolitan area complete a solid waste management plan. 
This plan contains the calculated land disposal capacity needed· for ten years 
and a description of a site selection proc~ss for locating a land disposal 
facility. It is reasonable that the Agency require a statement regarding the 
land disposal capacity as this information is necessary to determine if a 
proposed site has sufficient capacity and space for setback requirements. If 
sufficient space is not available, the costs associated with the site could be 
so burdensome that the Agency would not consider the site permitt~ble. It is 
reasonable that the Agency address the site selection process in the preliminary 
site evaluation report to provide an understanding of the basis for choosing or 
rejecting a particular site for location of a land disposal facility. 

For the site or sites recommended for further study, this part requires that 
the preliminary site evaluation report contain a discussion on the site's 
ability to meet the technical standards of proposed parts 7035.2525 to 
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7035.2815. 
Item A requires a discussion of the site geology and ground water 

characteristics as revealed in e~isting hydrogeologic maps and references, air 
photography, soil borings and well logs and other information described in 
proposed rule part 7035.2815, subpart 3, item E. This information in the 
preliminary site evaluation report helps determine potential impacts a site 
might have on its surrounding area. 

Item B requires the applicant to evaluate the site's ability to protect 
ground water and surface water from leachate releases from the facility's 
leachate management system. This information is basic to determining a site's 
potential for use as a permitted land disposal facility. 

Item C requires that the site be evaluated for its ability to be monitored 
for ground water impacts. This information is necessary to be able to monitor 
ground water beneath the site to determine the site's compliance with the 
technical requirements of proposed Minn. Rules pt. 2815, subp. 4. 

Item D requires that the feasibility of containing and removing polluted 
ground water or waste and waste by-products be discussed in the preliminary site 
evaluation report. Controlling the extent of the pollution is necessary to 
minimize impact on human health and the environment. Additionally, if it is not 
feasible to contain and remove polluted ground water or waste and waste 
by-products, the si.te would be consid~red unsuitable for use as a land disposal 
facility because the technical requirements of proposed Minn. Rules 
pts. 7035.2525 to 7035.2815 could not be met. 

Item E requires that the feasibility of meeting the locational standards of 
proposed Minn. Rules pts. 7035.2555 and 7035.2815, subp. 2 be discussed in the 

·preliminary site evaluation report. This evaluation of the site's location will 
dictate its permittability without a variance from the technical requirements. 

Item F requires that the site be evaluated for the land available to meet 
setback distances from the property line and the designation of a compliance 
boundary. Enough space is needed for the volume of waste expected, on-site 
operation activities, and the establishment of a compliance boundary to 
determine compliance with the ground water and surface water standards of 
proposed Minn. Rules pt. 7q35.2815, subp. 4. 

Item G requires investigation of the availability of suitable material for 
liners and covers. The availability of material suitable for use as a liner and 
cover is integral to satisfactory performance of the land disposal facility. 
Availability of materials may suggest preferring one site over another. 

Item H requires the applicant to evaluate the potential for soil erosion or 
surface drainage to lead to increased leachate generation, failure of leachate 
containment features, poor-quality run-off, or other undesirable consequences. 
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Addressing these concerns in the preliminary site evaluation report is needed to 
properly design the facility to meet the technical r~quirements of proposed 
Minn. Rules pts. 7035.2525 to 7035.2815. · 

Item I requires a report on initial efforts to secure leachate treatment. 
These results will address the existing treatment facilities contacted and their 
response to treating leachate. The Agency will use this information in 
determining the applicant's options for treating leachate, advising the 
applicant on follow-up procedures, and providing assistance to the applicant in 
securing leachate treatment. 

11. Part 7001.3275 DETAILED SITE EVALUATION REPORT. 

This part requires the applicant to conduct a detailed site evaluation and 
specifies the information that must be contained in a report on the evaluation. 

Subpart 1. Scope. Proposed part 7035.2815 sets out the specific technical 
requirements for mixed municipal solid waste land disposal facilities. This 
subpart requires that a detailed site evaluation report be submitted for all 
mixed municipal solid waste land disposal facilities. In the report, the 
applicant must discuss whether the proposed site meets the requirements of 
proposed part 7035,2815. Four copies of the report must be submitted to the 
Agency. A detailed site evaluation report for mixed municipal solid waste land 
disposal facilities serves as a basis for the Agency's evaluation of the 
environmental impact of the facility. 

Subpart 2. Hydrogeologic evaluation. This subpart requires the applicant 
to submit hydrogeologic investigation data as part of the detailed site 
evaluation report. The investigation must define the sojl, bedrock, and ground 
water conditions at a site. The details for the investigation are contained in 
the standards of proposed part 7035.2815, subpart 3. Requiring an extensive 
investigation of the subsurface soil conditions enables the Agency to establish 
monitoring requirements and determine impacts on the environment. Additionally, 
this information will be used in evaluating the suitability of the site for a. 
facility, in designing the facility, and for implementing corrective actioni 
when ·a facility affects the environment. 

Subpart 3. Soils for cover and liner con.struction. This subpart 
establishes the requirements for analyzing soils to be used in cover and liner 
construction. The facility owner or operator must disclose the amount of soil 
avai 1 able as well as the ability of the soi 1 s to ·meet construction 
specifications outlined in proposed part 7035.2815. The cover and liner sys't'erris' 
are key elements in minimizing the impact a facil_jty has on the environment •.. If 
sufficient quantities of soil are ~ot present at .th~ site or ve~~ near the site 
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at great expense. In that case, the 
to review the decision to use the site or 
This information is needed before the final 
developed. Therefore, it is·reasonable to 

address this information in advance of the final application. 
Subpart 4. Conceptual facility design. This subpart establishes the 

elements to be addressed in a conceptual design of the site layout and 
construction sequence. The conceptual facility design requires the facility 
owner or operator to review how the facility will be constructed to meet the 
design requirements of proposed parts 7035.0300 to 7035.2815 and to consider· 
unique conditions of the site. It is reasonable to require a facility owner or 
operator to submit conceptual drawings for the facility design because the 
Agency is responsible for permitting of the facility and if the facility cannot 
be designed to comply with Agency standardi an early determination will 
eliminate unnecessary expenditures of time and money. Early submittal of the 
conceptual design will allow the Agency to work with the facility owner or 
operator to arrive at a final design that will minimize environmental impact and 
maximize operational efficiency. 

Item A requires a description of waste to be received, the amount and type 
of cover needed, and the site capacity. This information is needed to design 
the facility to provide environmental protection. 

Item B requires a site layout depicting surface drainage, existing and 
proposed screening, on-site and off-site surface waters, rock outcroppings, 
on-site buildings and wells, and the property boundaries. This information is 
needed before detailed site plans are drawn to evaluate the unique site features 
that must be addressed in the final plans. 

Item C requires a site development plan addressing fill areas, borrow areas, 
on-site roads, and surface drainage control structures; This information is 
needed during the conceptual stage to assure orderly site development to manage 
surface water drainage during the construction and operations of the facility to 
minimize disruptions to the progressive filling at the site. 

Item 0 requires a plan sheet for all special waste management areas at the 
site. These ar.eas inc 1 ude genera 1 storage areas, waste tire storage areas, 
recycling areas and industrial solid waste fill areas. Addressing these areas 
during the conceptual design of the facility will facilitate determination of 
space needs, traffic control designs and other design specifics integral to the 
overall design and operation of the facility. 

Item E requires that the fill area be described by number and size of each 
phase, the direction of filling, .depth of fill, final contours, and the location 
and description of leachate and gas collection, storage and treatment systems. 
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These items are integral to the overall site operation. Their relationship to 
other facility features is needed to develop a final design for the facility. 

Item F requires a description of the leachate collection, storage, and 
treatment system. This information is needed to evaluate material needs, 
determine construction schedules, and develop the operations manual for the 
site before the final permit application is submitted. 

Item G requires the applicant 'to describe the liner system proposed for the 
facility. This includes the type of liner', method of placement and protection, 
and other unique features. This information is needed to enable the Agency to 
review.material specifications and the construction methods to be addressed in 
the permit. Additionally, the liner is the most critical factor in minimizing 
leachate migration from the fill area to ground water and is vital to the 
protection of human health and the environment. This information must be 
considered prior to submitting a final permit application to allow the Agency to 
assist the permit applicant in developing a final design that meets the 
technical requirements of proposed Minn. Rules pts. 7035.2525 to 7035.2815. 

Explosive gases are generated in land disposal systems. Item H requires a 
description of the gas monitoring, venting, and collection system. This 
information is needed to finalize design plans for the cover system, monitoring 
protocol and operations manual. The conceptual plans ~or the gas management 
system are needed prior to finalizing the facility design in order to make the 
permit applicant aware of available options and the preferred·option. 

Item I requires that an estimate of construction cost be included with the 
conceptual facility design. An estimate of construction costs will enable the 
permit applicant to eValuate alternative design options that will meet Agency 
standards. Estimated construction costs will also provide the permit applicant 
with an understanding of how scheduling of facility construction could impact 
project costs and may indicate the preference of one option over another. 

Subpart 5. Proposed compliance boundary. This subpart requires that the 
facility owner or operator propose a compliance boundary for monitoring the 
facility's performance. This boundary is the point at which the Agency will 
enforce ground water quality standards. It is reasonable to require the 
facility owner to propose the compliance boundary at this time to assure that 
one can be estab~ished that satisfies the requirements of proposed part 
7035.2815, subpart 4. Without a compliance boundary, the Agency will be unable 
to determine the impacts a facility is having on the environment. The 
ctimpliance boundary in conjunction with techni~al standards of proposed Minn. 
Rules pt. 7035.2815, subp. 4, are needed to evaluate potential corrective 
actions. Because Agency rules contain ground water standards, which if exceeded 
initiate enforcement action, ·it is reasonable to have the facility owner or 



February 23, 1988 

-66-

. ·' 

operator recommend the location of the compliance boundary. 
Subp_art 6. Feasibility of contingency action. This subpart is intended to 

require the permit applicant to use the hydrogeology and scii 1 S· information to 
evaluate the feasibility of corrective actions. 

Item A requires the applicant to determine if corrective actions are 
technically feasible and estimate the cost of these actions. It is reasonable 
to require this evaluation during the detailed site evaluation as the technical 
feasibility and estimated costs for corrective actions are needed to determine 
the probability of success if actions becomes necessary. 

Item B requires that the permit applicant identify and describe the 
potential facility failures that would initiate corrective actions. It is 
reasonable to require an assessment of the feasibility of instituting corrective 
actions at the facility because corrective actions are very costly. Jhe 
applicant may select an alternative site or redesign the facility to minimize 
the potential failures and the need for corrective action. Early planning for 
possible actions allows the applicant to consider additional design and 
construction techniques, and initiates review of the financial aspects of 
operating a facility. 

Item C requires that, for every potential type of failure identified under 
item B, the applicant describe the procedures needed to identify .the extent of 
the problem, modify monitoring pro~edures, identify corrective actions to repair 
problems, estimate costs for repairing the problems, and determine the level of 
success expected. This evaluation is needed to assess the .suitability of a site 
for use as a land disposal facility and to address the funding for corrective 
actions. 

Commentors on the proposed rules expressed their concern whether any 
applicant would be able to comply. The commentors suggested that potential was 
too vague as a standard of conduct. They felt that the· applicant should only be 
required to address specific failures. The Agency feels potential is an 
appropriate description of the failures to be addressed in the application, 
particularly when this subpart provides a list of possible failures that might 
occur at a facility. If the Agency required all possible failures to be 
addressed, some contingency action plans would address incidents that·would 
never occur. For instance, it is unreasonable to require the inclusion of 
providing private water supply if there are·no nearby residents. This would 
result in an unnecessarily high contingency action cost estimate for the 
facili.ty. If the Agency did not require any evaluation of failures that might 
occur at a facility, the applicant would be ill-prepared to deal with failure 
~i·tuations and financial assurance funds would be· ins~fficient. 

The requirement that potential failures be addressed allows the applicant to 
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address specific site conditions. By allowing· this flexibility, the Agency_· 
provides for the development of plans and corrective action to reflect facility 
designs and encourages the use of design and construction techniques that 
minimize risks associated with the facility. It is reasonable to allow for 
specific facility design.and operation plans to be developed in a manner that 
minimizes the type of failures that cou·ld occur at the site. 

Item D requires the applicant to·evaluate the feasibility of implementing· 
corrective actions at the site based on the information developed under items B 
and c. It is reasonable to require· this evaluation because if corrective 
actions cannot be implemented at a particular site it may make the site 
unsuitable for use as a solid waste management facility because it would put 
human health and the environment at risk. 

Subpart 7. Final use. This subpart requires that the detailed site 
evaluation report include a proposal for the use of the site after closure; It 
is reasonable to include this information in the detailed site evaluation report 
as it is needed to determine the location of monitor.ing systems, final facility 
design, and the feasibility of using a proposed site as a land disposal 
facility. Knowing the proposed final use of a facility can impact facility 
design. No use will be permitted that would cause the facility to violate the 
technical standards of proposed parts 7035.2525 to 7035.2815. 

Subpart 8. Additional information. This subpart requires that the detailed 
site evaluation report contain the information needed to complete an 
Environmental Assessment Worksheet or Environmental Impact Statement, if 
necessary. It is reasonable to include this information in ·the detailed site 
evaluation report as an Environmental Assessment Worksheet must be completed 

·before a permit may be issued. The Worksheet may show that an Environmental 
Impact Statement is necessary. This information provides the basis for 
determining environmental impacts from a facility and thus allows for 
incorporation of unique design features into the final plans to address these 
impacts. 

12. Part 7001.3300 GENERAL INFORMATION REQUIREMENTS FOR FINAL APPLICATION. 

This part establishes the general information that must be submitted with 
all final permit applications for solid waste management facilities. The final 
permit application provides the Agency information to determine whether to issue 
a solid waste management facility permit. This determination will affect 
whether a facility is allowed to operate or, if operating, be required to close. 
Therefore, it is reasonable to require extensive and detailed info~mation 
regarding the facility's location, design, construction, operation, and proposed 
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closure. This information will allow the Agency to evaluate the facility's 
environmental impact and serve as a basis for the conditions in the permit. 
Therefore, it is reasonable to require extensive and detailed information. 
Since compliance with ·the standards of parts 7035.0300 to 7035.2875 is a 
condition for issuance of a permit, it is reasonable to require sufficient 
information to allow the Agency to determine whether the facility can comply 
with those standards. 

The first paragraph requires the applicant to submit four copies of the 
permit application and supporting materials to the Commissioner. Four copies of 
these materials are needed for review purposes and for distribution·after 
approval. The information submitted in the permit application is reviewed by 
Agency staff knowledgeable in the specific area, e.g., hydrogeologists review 
the site evaluation and water monitoring submittals. The most efficient method 
for completing these reviews in a timely manner requires con~urrent review of 
the materials. In the seven-county metropolitan area, the permit application 
must also be reviewed by the Metropolitan Council staff before the Agency's 
decision on the application's acceptability is made. Again, to reduce the time 
involved in the total review time, it is niost efficient to have the Metropolitan 
Council staff look at t~e permit application materials concurrently with Agency 
staff. Concurrent review decreases not only the time involved in the review 
process but also the ~~mber of times the permit applicant is subjected to 
answering the same ~u~stidns for two different agencies as all questions are 
incorporated into one response letter. When the permit application is approved, 
copies are distributed to the permit applicant, Agency Regional Office, and the 
Metropolitan Council, as appropriate. The approved permit application is then 
used during facility coristruction, operation and inspections to ensure 
compliance. It is reasonable that the proper number of copies be submitted with 
the original permit r~qUest to ensure timely review and all modifications are 
incorporated into all permit applications making four complete documents. This 
will .ensure completeness and consistency during compliance determinations. 

The first paragraph also requires that the horizontal scale on all drawings 
'and plans be one inch equals 200 feet. A horizontal scale is needed on plans 
and drawings in order that an understanding of actual site conditions can be 
obtained from reviewing drawings and plans. Without the use of.horizontal 
scales on the design plans, actual construction and operations will be difficult 
to complete as no point of reference will be available to determine location or· 
size. "One inch equals 200 feet" is a reasonable scale to use because it allows 
most site plans to represent facility activities on normally-used en.gineering 
blue-line paper reducing costs for the design phase of the project. This scale 
also provides a reasonable level of detail to understand site-specific 
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conditions. By including the specific scale size in the rule, the Agency 
ensures consistency between design plans eliminating the potential costs 
incurred by some permit applicants for obtaining a higher level of detaii. 

Under this paragraph, the per~it applicant is also required to date all 
plans and reports with the initial data prepared and all subsequent revisions. 
All revisions are to include a notation as to the specific revisions made. It 
is necessary to date all plans and reports in order that the most.recent version 
is used in the construction and operation of the facility and during inspections 
by the Agency staff. Revisions to plans, in particular, can be very subtle and 
without highlighting the changes they could be overlooked by parties using the 
plans. It is reasonable to require the permit applicant to date all plans and 
reports because it does not increase the burden on the applicant yet ensures 
all parties are using the most up-to-date version of the plans and reports. 

Item A requires a general description of the facility, e.g., the type of 
solid waste facility and whether ttie facility is new or existing. This 
information will enable the Agency t~ gather infbrmation bn the regulatory 
history of the facility:· 

Item B requires an industrial solid waste management plan including a 
description of the waste types and proposed management techniques. It is the 
applicant's responsibility to properly manage all waste the facility accepts: 
This information will allow the Agency to evaluate the applicaht 1-s ability to 
manage industrial solid waste at the facility, to evaluate the environmental 
impact, and to provide a basis for conditions in the permit. 

Item C requires a description of the security procedures and equipment 
required at the facility by proposed part 7035.2535, subpart 3. This 
information will assist the Agency to determine facility compliance with the 
access control requirements of proposed part 7035.2535, subpart 3. The Agency 
will base the security requirements included in the permit ori this information. 

Item D requires a copy of the inspection schedules required ilhde~·pr~posed 
part 7035.2535, subpart 4 and parts 7035.2815 to 7035.2875. Based on these 
schedules, the Agency will conduct inspections to provide assurance that spills 
and other conditions that cou 1 d cause .sudden pollution prob 1 ems do not go 
undetected for long periods of time. Since these schedules establish the 
frequency and extent of inspections and.affect the adequacy of the inspections, 
they should be submitted for Agency review and inclusion in the permit. 

Item E requires a copy of the contingency action plan required by proposed 
part 7035.2615. The contingency action plan establishes methods for·handling 
emergencies and unplanned releases of pollutants at the facility. Since this 
plan. details response to such situations, it is reasonable to require the plan 
be submitted to the Agency for review and inclusion in the permit. If the plan 
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is inadequate or contains improper management procedures, Agency staff will be 
able to work with the applicant to amend the plan. This plan is needed to 
develop cost estimates used to establish a proper level of financial assurance 
in accordance with parts 7035.2685 to 7035.2805. 

Item F requires a description of procedures, structures and equipment used 
at the facility to prevent adverse effects ori human health and the environment. 
This information is needed to help the Agency determine the effectiveness of the 
design of the facility to prevent impacts on human health and the environment. 
Solid waste management facilities have the potential for adversely affecting 
human health and the environment. Facility impacts can be avoided or mitigated 
if appropriate procedures, structures and equipment are used at the facility. 
The submission of this information will allow the Agency to address in the 
permi~ the use of preventive measures at the facility. 

Item G requires a description of precautions to prevent accidental ignition 
or reaction of ignitable or explosive wastes or waste by-products. Since fires 
and explosions can cause unplanned releases of solid waste or pollutants, it is 
reasonable to request information on the precautions-the facility owner or 
operator will take. This information will be reviewed for adequacy and included 
in the permit to assure proper handling. 

Item H requires a description of traffic control at the facility. _Traffic 
management at the facility can affect the facility's potential for accidents and 
unplanned releases of solid waste or pollutants. Information on road conditions 
and capacities will assist in determining whether the roads are adequate for the 
types of vehicles expected to use the facility. 

Item I requires a description of how the storage requirements of part 
7035.2855 will be met. Requiring this information is reasonable because the 
improper storage of wastes could produce polluted run-off water and a health and 
safety hazard to facility personnel. This information allows the Agency to 
incorporate any needed provision into the permit. 

Item J requires a closure plan and a postclosure care plan, where 
applicable, in the permit application. The provisions of proposed parts 
7035.2635 to 7035.2655 contain closure and postclosure care requirements. This 
includes establishing cost estimates. Requiring these plans allows the Agency 
to determine the adequacy of the plans and incorporate these provisions into the 
permit. Since proper closure and postclosure care actions are necessary to 
prevent adverse effects on human health and the environment, it is reasonable to 
require facilities to provide assurance that the facility can and will be closed 
and, if necessary, properly maintained and monitored after closure. Since the 
closure and postclosure care plans provide the basis for cost estimates in 
establishing financial assurance instruments, it is vital that the plans be 
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accurate and detailed and that the Agency review and approve them as a part of 
the permit. 

Items K to M require up-to-date closure, postclosure care and contingency 
action cost estimates and evidence of the establishment of financial 
instruments. The cost ·estimates are based on the closure, postclosure care and 
contingency action plans. These activities may be expensive but are essential 
to prevent adverse effects on human health and the environment. The value of 
the financial mechanism is dependent on the cost estimates. Therefore, it is 
reasonable to require facilities to submit cost estimates and copies of the 
financial instruments with the permit application. 

Item N requires a topographic map, floodplain map, development plan and 
other locational irii'ormation. The scale of one inch equals 200 feet is needed 
to ensure that the map is proportioned to show details accurately. It is 
reasonable to require these maps and plans, since this information is needed to 
determine the facility's potential for adverse effects on the surrounding area. 
Contours are needed to determine surface water flow at and adjacent to the 
facility. This information will ·enable the Agency to determine the direction of 
surface water run-on and run~off and more accurately evaluate areas that might 
be impacted by the facility. Requiring information such as map date, scale, and 
direction arrows, subitems (1), (2), (6), is also reasonable so that maps can be 
accurately interpreted. 

It is reasonable to require information on floodplains, wetlands, 
shorelands, wells,·zoning and boundaries of·parks and wildlife refuges, subitems 
(3), (4), (5), so that compliance with iocation standards and the potential for 
adverse effects on water supplies, aquatic life, wildlife and the surrounding 
area can be determined. These areas are environmentally sensitive and could be 
adversely impacted by the operation of a solid waste management facility. Other 
existing laws and rules establish management standards for these sensitive areas 
and a solid waste management facility may violate these standards. 

Subitems (7) to (11)·and (14) require the display of information on legal 
boundaries, land ownership, township, range, section numbers, and easements and 
rights-of-way. This information is needed to determine the exact location of 
the facility. Based on the locational information, the Agency can also 
determine what units of government have jurisdiction over the facility so that a 
public notice can·be sent to them. 

Subitem (12) requiies showing the location and elevation of a permanent 
benchmark. This base measurement for all future readings is needed to provide 
accurate-readings of site contours, ground water elevations, and design feature 
locations when actual site inspections are conducted to evaluate compliance with 
design p·lans. It 'is reasonable to require this information to allow for 
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consistency between the Agency's and facility owner's site measurements. 
Subitem (13) requires a location·grid system on,every plan. Requiring a 

grid system is reasonable because it allows accurate siting of specific design 
features including well locations by establishing a base from which measurements 
are made. 

Subitem (15) requires all nearby airports be shown. This information is 
needed to allow the Agency to determine compliance with federal regulations 
regarding the location of solid waste management facilities near airports. It 
is reasonable to require this information as it provides the Agency with 
information to determine permit conditions and compliance with other 
regulations. 

Subitem (16) requires that the location of fences, gates !and other access 
control be shown. It is reasonable to require this information as it allows the 
Agency to determine if adequate access control is provided at the facility and 
to incorporate these conditions in the permit. 

Subitem (17) requires showing all off-site and on~site water supply and 
monitoring wells. It is reasonable to require this information because it will 
assist in determining potential impact areas if a ·reiease occurs at a facility 
and allow the Agency to incorporate the points as monitoring sites in the 
permit. 

Subitem (18) requires showing various elements of the facility design, the 
location of existing and proposed structures, storage areas, disposal areas, 
run-on and run-off control structures, access and internal roads, loading and 
unloading areas, and fire control systems. During the permitting process, these 
features will be evaluated to ensure that the facility can be operated in 
compliance with the technical standards. 

Item 0 requires that the application show any geologic and location 
.information necessary to demonstrate compliance with the technical rules. It is 
reasonable to require this information for the Agency to properly evaluate the 
potential impacts from a facility and whether the facility can be operated in 
compliance with the technical standards. This information will be used in 
establishing permit conditions. 

Item P requires an operations and maintenance manual describing how the 
facility will be managed to prevent malfunctions, deteriorations, and unplanned 
releases of solid waste and pollutants. Since the proper operation of a 
facility is necessary to assure the protection of human health and the 
environment, it is reasonable to require ihe submiss.ion of this information for 
Agency review and inclusion in the permit. 

Item P lists nine specific areas of concern .to be addressed in all operatiqn 
and maintenance manuals. The reasonableness of including each of the concerns 
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is discussed in detail below. Subitem {1) requires that all operation and 
maintenance manuals include a description of the facility and all design 
parameters. The operation and maintenance manual is used by the facility owner 
and the facility perso~nel for operating the facility to meet Agency staridards 
and rules and all other governirg statutes and rules. In order to ensure 
consistency in facility operations, it is necessary that details concerning its 
design, construction and operation specifications be provided. This is 
accomplished through the operation and maintenance manual during the permitting 
process. In order to construct a facility, the owner must have an understanding 
of the facility's function and the design parameters governing its operation. 
This subitem merely establishes a point of reference for this information. 

Subitem (2) states that the operation and maintenance manual must contain 
emergency shutdown procedures. The operation and maintenance manual serves as a 
training tool for facility personnel. It should provide guidance on ·normal 
day-to-day operations and procedures during emergency situations •. Prompt and 
correct responses to unexpected events can save lives, prevent needless damage 
to the facility, and minimize impacts on the environment. Common sense dictates 
that facility personnel be aware of the steps to be followed for shutting down 
site equipment in times of emergency. This subitem establishes the reference to 
be used for maintaining the info~mation. By requiring the information to be 
available at all facilities, the Agency ensures that a consistent approach to 
developing the procedur~s is followed. ' 

Subitems (3) and (4) are closely related. Subitem (3) requires that all 
operation variables and.procedur~s be contained in this manual. It is logical 
that facility persornel have one resource for obtaini~g the necessary 
information to ensure efficient and proper operation of the facility. Subitem 
(4) requires that the manual also contain trouble-shooting procedures. 
Trouble-shooting is a systematic process by which a person evaluates the causes 
to malfunctioning systems at a facility. By understanding the operation 

' variables and procedures to be included in the manual, the trouble-shooting 
procedures will be used to identify the most likely causes of a problem. This 
information must be readily available to facility personnel for facilities to be 
operated in the most efficient manner with a minimum of delays. These subitems· 
do not require additional work by a facility owner or operator preparing a 
reasonable system to manage dsks associated with a particular facility. For 
instances when these steps are not being conducted by a facility owner or 
operator, these items provide a reasonable method to ensure that proper 
evaluations on facility operation are conducted. 

Subitems (5) and (6) address the need to include preventive maintenance 
requirements and safety requirements and procedures, respectively. Again, sound 
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risk management operations dictate a program of prevention rather than reaction. 
Not all problem situations can be anticipated or prevented; thus, the need for 
contingency action plans. However, careful planning and training can minimize 
these unexpected situations. The operation and maintenance manual is the 
controlling document for a facility. It is the guideline for facility personnel 
actions. Therefore, it is reasonable that preventive maintenance or daily 
operations and upkeep of facility equipment be included in the manual. 

Subitems (7) and (8) address maintaining correct and up-to-date records. 
Subitem (7) requires the facility owner or operator to explain hqw equipment 
maintenance records are to be completed and maintained at the facility. These 
records will supply the Agency, the facility owner, and facility personnel 
insight ori the effectiveness of the preventive measures employed at the facility 
and record of compliance with appropriate requirements. Subitem (8) requires 
the manual to include a section on maintaining site inspecti6n records. Site 
inspections provide routine evaluation on facility performance and should be 
sufficiently detailed in order that they might indicate problem areas. Facility 
owners and operators for purposes of equipment warranties and compliance 
verification need to record the data obtained during a facility inspection. 
This subitem merely establishes the reference in ~hich the facility owner or 
operator supplies the details on maintaining the records. 

Subitem (9) requires the inspection schedule to be included in the operation 
and maintenance manual. Since this manual is the reference document for all 
interested parties, it is important that it contain all information needed to 
properly operate the facility. As indicated earlier, routine inspections 
provide the data used to operate or maintain a facility in compliance with 
appropriate rules, standards and statutes. It is a reasonable requirement that 
the details for conducting these critical facility evaluations be contained in 
the document used' by all facility personnel and regulations. This ensures the 
consistency of inspection procedures including timing and level of detail and 
eliminates the oversight of facility personnel on any one component of the 
management system. This type and level of detail is important in operating an 
efficient and effective risk management program. 

Item Q requires that a construction inspection, quality control, and quality 
assurance plan be submitted with the final permit application. Facility 
construction is critical to the facility's performance and compliance with the 
technical standards. It is reasonable to require this information to allow 
Agency review of construction verification procedures prior to issuing a permit 
for construction and operation of the facility. Compliance will become a 
condition of the permit. 

Item R requires the submission of any additional information the 
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Commissioner needs to determine whether the facility will meet all applicable 
federal and State statutes and rules. The final permit application must provide 
sufficient information for the Agency to make a determination to issue or deny a 
solid waste management facility permit. Part 7001.0140 establishes the findings 
that must be made to issue a permit. It is reasonable to require additional 
information that is relevant to the facility and the final determination of 
compliance with applicable law. 

13. Part 7001.3375 FINAL APPLICATION INFORMATION REQUIREMENTS FOR COMPOST 
FACILITIES. 

This part establishes the additional information that must be contained in 
the final permit application for solid waste management facilities that produce 
compost. The information requirements of this part are based on the final 
facility standards in proposed part 7035.2835. Since compliance with these 
standards is one of the conditions for permit issuance, it is reasonable to 
require sufficient information to allow the Agency to determine whether the 
facility will meet the standards and receive a permit. 

Items A· and B require a description of the design of the composting process 
and the physical features of the facility. This information will be used to 
evaluate the potential impacts to human health and the environment and to 
establish permit conditions. 

Item C requires a description of the material to be composted. Information 
on the types of material allows the Agency to assess the facility's potential to 
comply with the technical standards. 

Items D and E.require a description of the residue generated from the 
compost process and the method for disposal of the residue. It is reasonable to 
require information on the residue and how it will be managed to ensure that a 
disposal method capable of minimizing impacts to human health and the 
environment will be used. 

Item F requires information on the design of an odor control system. The 
composting process is a biological method of decomposing solid waste and may 
produce odors. It is reasonable that the Agency have information regarding the 
design of the 9dor c~ntrol system in order to assess the ability of the system 
to comply with the technical standards. 

Items G and H require a description of the design and performance 
specifications for the compost facility including retention times, temperatures, 
number of turns, and the air flow design. Requiring the detailed design 
information is reasonable because the compost process used is critical to the 
quality of compost produced. The Agency needs this information to adequately 

\ 
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assess the ability of the facility to generate a compost capable of meeting the 
technical standards. This information will be used·in developing permit 
conditions for the facility. 

Item I requires an operating plan. This information is needed as operation 
of the facility is critical in ensuring the facility meets standards. 
Additionally, since following the operating plan is a condition of the permit, 
it is reasonable that the Agency receive the plan for review before issuing a 
permit. The operating plan must contain a waste analysis plan. It is 
reasonable to require this information as the results of the analysis will be 
used as the basis for end use distribution of the compost product and the 
assessment of the facility's compliance with technical standards. The Agency 
needs this information to adequately assess the results of analyses submitted in 
accordance with permit conditions. 

The operations plan must also contain a description of the proposed end uses 
for the compost. This information is needed because of the close relation of 
the facility design to the proposed compost end use. Therefore, it is 
reasonable that the Agency receive the information prior to permit issuance. 

14. Part 7001.3400 FINAL APPLICATION INFORMATION REQUIREMENTS FOR TRANSFER 
FACILITIES. 

This part establishes the additional information to be contained in the 
final application for solid waste transfer facilities. The information 
requirements of this part are based on the facility standards of proposed part 
7035.2865. Those standards are specific for facilities used as points for 
transfer of solid waste between collection and ultimate management. 

Item A requires detailed plans and supporting documents. The detailed plans 
are needed to allow the Agency to assess the effectiveness .of the chosen design . . 

in minimizing impacts to human health and the environment. Because the specific 
design specifications are the basis for any permit issued, it is reasonable that 
the Agency receive this information for review and inclusion in the permit. 

Subitem (1) requires that the facility design and layout be addressed in the 
detailed plans. This information is needed to determine the processing 
capabilities of the facility and potential impacts on the surround~ng area. It 
is reasonable to require this information as it will be used in ·establishing the 
conditions of the permit. 

Subitem (2) requires a discussion of the security measures to be employed at 
the.facility. Requiring this information is reasonable because the disruption 
of facility operations due to vandalism and unintentional intrusions can affect 
the capability of the facility to meet technical standards. The Agency needs to 

I 
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review the security measures before issuing a permit to assess their adequ~y in 
preventing adverse impacts to human health and the environment. 

Subitems (3) and (11) require a discussion on the size and type of veh1cles 
to be used at the facility and the on-site road design. Because the type and 
size of vehicles impacts the facility design and on-site road requirements, it 
is reasonable to require this information during the permit application to allow 
the Agency to determine if the facility design is adequate. 

Subitem (4) requires a discussion of the types of waste to be handled at the 
facility. Since the type of waste to be handled at the facility is integral to 
the facility design and operations, it is reasonable to require this information 
with the permit application. The Agency needs this information to assess the 
adequacy of the facility design to meet te~hnical standards based on the waste 
accepted for management at the facility. 

Subitem (5) requires the intended operating hours for the facility and 
subitem (13) requires the operating procedures for the facility. This 
information is needed to determine if the facility is capable of processing the 
incoming waste in a manner that will not result ·in adverse impacts to human 
health and the environment. It is reasonable to require this information during 
the permitting process because compliance with the operating procedures will be 
made a condition of the permit and the Agency needs to determine their adequacy. 

Subitem (6) requires the amount of storage capacity at the facility and the 
maximum amount of waste expected. The improper storage of waste or waste 
by-products may result in damage to the facility and impacts to huma~ health and 
the environment. Information on the storage capacity will allow the Agency to 
review the storage needs at the site and indicate any special conditions needed 
in the permit. 

Subitem (7) requires a detailed discussion on the equipment to be used at 
the facility. It is reasonable to require this information as it is needed to 
assess the adequacy of the facility to process the waste for transport to the 
next solid waste management facility. The equipment needs will become a 
condition of the permit. 

Subitem (8) requires a discussion of the control of dust, vectors, litter, 
·noise and odors at the facility. The considerable traffic volumes may produce 
noise and dust problems. If the facility design is not adequate to process 
incoming waste, then litter, vectors and odors may cause nuisance conditions and 
adverse impacts on human health and the environment. It is reasonable that this 
information be provided during the permitting process to allow the Agency to 
evaluate the facility design in regard to these concerns and address any special 
conditions needed in the permit. · 

Subitems (9) and (10) require a discussion of the frequency of·waste 



OJ 
UJ~, 
\li"l. 
~·-(J 

February 23, 1988 

-78-

removal, the method of removal, and the final deposition of the waste. It is 
reasonable to require this information as it is needed for the Agency to assess 
whether proper management methods will be used to minimize impacts to human 
health and the environment. 

Subitem (12) requires a site closure plan. This plan establishes procedures 
for removing all waste from the facility and any part of the facility that may 
require special handling methods due to its potential for affect on human health 
and the environment. Compliance with this plan will be made a condition of the 
permit. If the plan is inadequate or contains improper closure management 
techniques, Agency staff will be able to work with the permit app.licant to amend 
the plan. 

Subitem (14) requires the applicant to address any composting or recycling 
activities that may be conducted at a transfer facility. These activities must 
be planned for in advance of facility construction to minimize disruptions to 
the main function of the facility. It is reasonable to require this information 
with the permit application to allow the Agency to assess the impacts of these 
operations on the transfer facility and ensure that they will meet the technical 
standards established for those operations.· The permit conditions will reflect 
the special need of these operations. 

Subitem (15) requir~s that the design plans and engineering report discuss 
the safety and emergency procedures to be used at the facility. This 
information is needed to assess the ability.of site personnel to adequately 
respond to emergency situations without endangering .themselves. Because these 
procedures will become conditions of the permit, it is reasonable to require 
this information during the permitting process for Agency review. 

Item B requires the submittal of any additional information needed to show 
that the facility will meet the technical standards of proposed part 7035.2865. 
It is reasonable to provide for the submittal of additional information because 
there are many designs that could be used for a transfer facility and the rules 
cannot address each issue for all designs. 

15. Part 7001.3425 FINAL APPLICATION INFORMATION REQUIREMENTS FOR 
DEMOLITION DEBRIS LAND DISPOSAL FACILITIES. 

This part establishes the additional information to be contained in the 
final application for permits for demolition debris land disposal facilities. 
The information requirements of this part are based on the technical standards 
of proposed part 7035.2825. Since compliance with these standards is one of the 
conditions for issuance of a permit, it is reasonable to require sufficient 
information for the Agency to determine if the facility will comply with the 
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standards and whether a permit should be issued. 
Item A requires the facility owner or operator to include the calculations 

of site capacity and operating life for the facility. This information is used 
to evaluate potential problems, e.g., is on-site equipment equal to handling 
incoming waste, associated with a facility because ~f size and duration of 
operations. It may be necessary to address the concerns raised by this 
information in the facility permit. Therefore, it is reasonable that it be 
included in the f.inal permit application. 

Item B requires information regarding the facility's run-on and run-off 
diversion system. Since run-on can affect the facility operations and run-off. 
can affect the environment, proposed part 7035.2825 requires that run-on be 
diverted and run-off from the disposal area be collected. It is reasonable to 
require this information so the Agency can determine compliance with this 
standard. 

Item· C requires a description of the procedures to be used in controlling 
the wind dispersion of particulates and fugitive dust. It is reasonable to 
require this information because of the nature of demolition debris; 
particulates and fugitive dust can be a problem to the extent that human health 
and the environment may be impacted. The Agency needs this information to 
assess the facility design and its ability to meet the technical standards 
regarding particulates and fugitive dust. 

Items D and E require detailed plans showin~ the filling sequence and 
cross-sectional views indicating existing grades and final elevations. The 
plans must show the lowest fill elevation as it relates to the water table and 
bedrock conditions. This information is used to assess the ability of the 
facility to comply with proposed standards. Based on this information, specific 
permit conditions will be established to ensure compliance with the technical 
standards of parts 7035.0300 to 7035.2655 and 7035.2825. 

Items F, G and J require that the permit application contain soils and 
hydrogeologic information needed to evaluate the site conditions and its 
suitability for use as a disposal site. This information is not required at the 
same level of detail for all facilities. The need for a detailed hydrogeologic 
evaluation and ground water monitoring system is dependent on the size, location 
and wastes to be handled at the facility. It is reasonable to require that this 
information be submitted with the permit application as it is needed for the 
Agency to assess potential impacts from the facility and adjust permit 
conditions accordingly. 

Item H requires that the permit application address the control of noise and 
access at the facility. Vehicles used to transport demolition debris waste are 
large and may generate noise in excess of standards. If access at a demolition 
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debris land disposal facility is not controlled, intruders could disrupt the 
site operations by disposing of improper wastes and by destruction of design 
features. Thus, it is reasonable to require this information to allow the 
Agency to review the design for adequacy to ensure that the technical standards' 
will be met. 

Item I requires a description of the equipment to be used at the site. This 
information is needed to determine if the site will have the equipment to be 
properly operated to meet the technical standards. It is reasonable to require 
this information in the permit application because the equipment capabilities 
are integral to the ability of the facility to be properly operated. 

Item K requires a listing of other permits required before the facility may 
be constructed. It is reasonable to require this information in the permit 
application because it may be necessary to coordinate the facility design with 
all permit conditions pertaining to the site. The Agency needs this information 
to assess issues of facility design that may impact the issuance of'permits by 
other bodies. 

Item L requires that an inspection procedure for incoming wastes be 
developed for the facility. Permits for these facilities limit the type of 
waste acceptable for disposal based on design and operational needs. If 
unapproved wastes are disposed of at the site, the potential for adverse impacts 
on human health and the environment will increase. It is reasonable to require 
this information to allow the Agency to assess the adequacy of the inspection 
procedure used to detect unapproved wastes. 

Item M requires any additional information needed to show that the technical 
standards can be met. It is reasonable to require this information because.each 
facility is unique in its location and design and it is not possible to 
specifically address each possibility by rule. The Agency will use this 
information in establishing permit conditions unique to the specific facility. 

16. Part 7001.3450 FINAL APPLICATION INFORMATION REQUIREMENTS FOR 
REFUSE-DERIVED FUEL PROCESSING FACILITIES. 

This part establishes the additional in,formation an applicant must include 
in a final application for a refuse-derived fuel processing facility. ·The 
information requirements of this part are based on the facility technical. 
standards of part 7035.2875. Since compliance with these standards is a 
condition for permit issuance, it is reasonable to require sufficient 
information to allow the Agency to determine whether the facility will be able 
to comply. 

Item A requires that a description of the area used for separating the 
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incoming waste into its various components, such as ferrous metals, screenings, 
fuel and residuals. This information is needed to determine space requirements 
and other design specifics to ensure the facility can be operated in compliance 
with the technical standards. It is reasonable that the Agency receive this 
information during the permit process for review and use in establishing permit 
conditions. 

Item B requires the specific facility design including storage areas for the 
waste components and residuals, loading and unloading areas, and the processing, 
methods used. Because the processes used in developing refuse-derived fuel may 
vary depending on the facility accepting the fuel, it is reasonable to require 
detailed information on the specific processing method to enable the Agency to 
determine whether the facility will be able to comply with Agency standards. 

Items C and H require a description of the end products generated at the 
facility and their use. It is reasonable to require this information to allow 
the Agency to assess the proper management techniques available to handle the 
end products in a manner that minimizes the impact to human health and the 
environment. This information will be used in reviewing the facility design and 
in establishing permit conditions. 

Item 0 requires a material flow and balance calculation. This information 
is used in sizing the facility and in determining the needs for managing the. 
end products. It is reasonable to require this information to allow the Agency 
to assess the adequacy of the facility design. 

Items E and F require the specific details for the design of the facility 
including the odor control system. It is reasonable to require this information 
because the design is integral to the facility's ability to comply with 
technical standards and compliance with the design specifications will become a 
condition of the permit. The Agency needs this information to assess the 
adequacy of the facility to process incoming wa.ste and to comply with technical 
design and operation standards. 

Item G requires the operations manual to specifically include the processing 
equipment and protective measures to prevent explosions. Inadequate equipment 
or explosions could result in har.m to human health or: the environment because of 
unexpected releases of pollutants. It is reasonable to require detailed 
information regarding the process equipment to allow the Agency to determine 
~hether the facility will comply with standards. 

Item I requires any additional information needed to show that the facility 
will be able to meet standards. It is reasonable to allow the Agency·to review 
the unique design of each facility to determine appropriate permit conditions. 
Additionally this provision allows flexibility in the submission of permit 
applications as the information relates to a specific facility. 
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17. Part 7001.3475 FINAL APPLICATION INFORMATION REQUIREMENTS FOR MIXED 
MUNICIPAL. SOLID WASTE LAND DISPOSAL FACILITIES. 

This part establishes the additional information to be contained in the 
final permit application for mixed municipal solid waste land disposal 
facilities. The information requirements of this part are based on the specific 
standards contained in proposed part 7035.2815. It is reasonable to require 
this information to enable the Agency to determine if the facility will be able 
to meet standards so that a permit may be issued. 

Item A requires the submission of the needed disposal capacity as determined 
under Minn. Stat. §§ 115A.917 and 473.823, subd. 6. The Agency may issue 
permits for mixed municipal solid waste land disposal facilities only after 
needed capacity is certified. It is reasonable to require that information to 
determine if the facility will be in compliance. 

Item B requires a description of the waste types to be handled at the 
facility including those requiring special handling procedures and disposal 
areas. Potential harm to human health and the envi~onment will result fro~ the 
mismanagement of incoming wastes. Examples include food wastes and industrial 
solid waste streams. It is reasonable to require the submittal of this 
information to enable the Agency to review the information and include the 
management procedures in the· permit. 

Item C requires information regarding the status of the Environmental 
Assessment Worksheet or Environmental Impact Statement. The completion of an 
Environmental Assessment Worksheet or Environmental Impact Statement or both are 
necessary before an Agency permit may be issued for the construction and 
operation of a land disposal facility. A declaration of negative impact or the 
inclusion of specific design, 
the environment are necessary 
requi're the final application 
statement to allow the Agency 
provisions in the permit. 

construction or operational features to protect 
' to issue a permit. Therefore, it is reasonable to 

to include the status of the worksheet or impact 
to review the documents and include'any necessary 

Item D requires detailed plans and an en~ineering report regarding the 
design, construction and operation of the mixed municipal solid waste land 
disposalfacility. The plans and report must show how compliance with the 
technical standards of parts 7035:0300 to 7035.2815 will be maintained. The 
specific areas to be addressed include the liner system (subitem (1)), the 
leachate collection and treatment system (subitem (5)), drai~age control 
(subitems (2) and (3)), and the plans depicting the construction and fill 
sequence (subitem (6)). Subitem (4) requires the· control of par,ticulate matter 
to be addressed. This informat~rin will serve ai .. a basis for co~ditions in the: 
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permit. Since compliance with the standards of parts 7035.0300 to 7035.2815 is 
a condition of permit issuance, it is reasonable .to require sufficient 
information to allow the Agency to determine whether.these standards will be 
met. 

Item E requires the final application to address the geologic and 
hydrogeologic information on the site. This information will have been 
collected during the detailed site evaluation conducted under part 7001.3275. 
It is reasonable to include the information in the final application for 
completeness. No additional work is required of the facility owner or operator 
under this item. 

Item F requires the submittal of an operation and maintenance manual with 
the final application. The Agency's review of the information contained in the 
final application supplies the basis for approval or denial of a facility permit 
application. The operation and maintenance manual contains the procedures to 
be followed by facility personnel to ensure compliance with rules and standards. 
Therefore, it is reasonable that this information be supplied to the Agency for 
the application review and final permit determinations. 

Item G requires a description of how the facility will be inspected. 
Routine inspections ensure the facility is operating as designed. It is 
reasonable that the Agency and facility owner or operator agree on the level· of 
detai 1 needed in the inspection program. This process is most effic.iently 
conducted during the permitting period to ensure consistency from start-up to 
closure. 

Item H requires detailed plans and engineering reports on the final. cover 
and monitoring protocol during the postclosure care period. This information is 
to be supplied in closure and postclosure care plans for the facility. It is 
reasonable to address these issues at the time of permit application as the 
Agency is required under Minn. Stat. § 116.07, subd. 4g, to establish ·Standards 
for these actions that will prevent, mitigate, or minimize the threat to public 
health and the environment. The ·permitting process is the proper time to 
address the suitability of planned activities. Additionally, Minn. Stat. 
§ 116.07, subd. 4h, states that compliance with financial responsibility rules 
is a condition for obtaining or retaining a permit. These plans are the basis 
for establishing financial responsibility because the cost estimates are 
provided in the plans. Therefore, it is necessary and reasonable that the plans 
be submitted at the time of permitting. 

Item I requires the specific design for the. proposed gas monitoring, 
collection and treatment system. This information is required to allow the 
Agency to assess the adequacy of the facility design to prevent the migration of 
gas off-site in a manner that would have adverse impacts to human health and the 

' ~-
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environment. Requiring this information in the permit application is reasonable 
because the gas is of concern from a safety issue and an environmental issue. 
If designs do not pr~perly address the control of gas, serious impact may 
result. The Agency will review the design, determine its adequacy, and include 
the appropriate conditions in the permit. 

18. Part 7001.3500 TERMS AND CONDITIONS OF SOLID WASTE MANAGEMENT FACILITY 
PERMITS. 

(/ This part provides for the term of a solid waste management facility permit 
and for general conditions which, in addition to the general conditions required 
in all Agency permits by part 7001.0150, are to be included in all solid waste 
management facility permits. 

Subpart 1 provides that the term of a solid waste management facility permit 
is five years. Due to the high potential of harm to the environment from the 
improper management of solid waste at a solid waste management facility and the 
rapid advancement of technology, it is reasonable that these permits be reviewed 
and reissued on a five-year basis. It has been suggested that permits be issued 
for the entire life of the facility. The Agency considers this to be 
unreasonable because t~chhology changes during· the life of the facility would 
not be accounted for. A five-year term permits reasonable updates of facility 
designs in order to prevent impacts that go undiscovered for some period of 
time resulting in costly corrective actions. The term is also consistent with 
all other permits issued by the Agency. 

Subpart 2 provides that the certified capacity determined in compliance with 
Minn. Stat. §§ 115A.917 and 473.823, subd. 3, be contained in the facility 
permit. By statute, the certified capacity for a mixed municipal solid waste 
land disposal facility is a condition of permit issuance. Therefore, it is 
reasonable that the permit expressly state the facility's certified capacity. 

Subpart 3 provides that the ·general conditions established in the Agency's 
general permit rules, part 7001.0150, subpart 3, apply to solid waste 
management facility permits. This is reasonable because those conditions 
establish important legal limitations on the duties and rights conveyed with the 
issuing of the permit. 

Item A requires the facility owner or operator to maintain records of all 
ground water monitoring data and ground water surface elevations for the active 
life of the facility and, for disposal facilities, for the postclosure care 
period. The facility owner or operator is required to maintain an operating 
record until closure of the facility. It is reasonable to require the creation 
of an ongoing record of the ground water quality in the vicinity of the facility 
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so that impacts on the ground water quality during the life of the facility and 
postclosure care period can be detected. The operating record provides a 
summary of the volumes and types of waste accepted at the facility and is 
reasonable for use in Agency d~ter.mination of compliance with.facility 
operational standards. 

Item B establishes the conditions that must be met before ,operations at a 
facility may begin. These conditions include verification procedures needed 
regarding the construction of the facility.· It is reasonable to require this 
information because the improper construction or modification to the facility 
design could result in releases of pollutants and impacts on human health and 
the environment. 

Subitem (1)· requires the submittal of as-built plans signed by the facility 
owner or operator and an engineer registered in Minnesota. The engineer must 
certify that the facility was constructed or modified in accordance with the 
permit. This information is needed to allow the Agency to assess the 
suitability of construction and to determine if all modifications are in 
compliance with the permit and technical standards. It is reasonable to require 
this information before operation of the facility because modifications to the 
facility could impact operational. procedures, which may need to be altered due 
to the modification. 

Subitem (2) requires inspection of the facility by the Commissjoner before 
operations may begin. The facility owner or operator must have received a 
letter from the Commissioner indicating that the certification submitted under 
subitem (1) is complete and approved. It is reasonable to require.that 
operations not begin until after the Commissioner's letter is received because 
the letter will indicate that the construction of the facility is in compliance 
with the permit and that operations may proceed as planned or the construction 
is inadequate and changes are necessary before operations begin. This 
inspection is the Agency's last review of the facility prior to operation to 
ensure its suitability for use as a solid waste management facility. 

Subitem (3) requires that no operations be initiated until the Commissioner 
has approved the financial assurance amount and instrument to be used. 
Requiring the finalization of this information before operation of the facility 
is reasonable because, if operations begin and a problem arises, fun~s must be 
available to resolve the problem. It is also mandated by Minn. Stat. § 116.07, 
subd. 4h, that financial responsibility rules be complied with as a condition of 
facility operation. 
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19. Part 7001.3550 MODIFICATION OF SOLID WASTE MANAGEMENT FACILITY PERMITS; 
REVOCATION AND REISSUANCE OF PERMITS. 

Existing parts 7001.0170 to 7001.0190 set forth general prov1s1ons for the 
modification and revocation and reissuance of Agency permits. However, due to 
considerations tha~ are only applicable to solid waste management facility 
permits, provisions are needed in addition to those provided in the general 
conditions. To accommodate these considerations, proposed part 7001.3550 
establishes additional reasons that constitute justification for the 
Commissioner to commence proceedings to modify, or revoke and reissue, a solid 
waste management facility permit. These reasons are based on the requirements 
of parts 7035.0300 to 7035.2875, which are only applicable to solid waste 
management facilities. 

Based on the approach used in parts 7001.0170 to 7001.0190 for permits in 
general, this part distinguishes between major modifications and minor 
modifications. Generally, permits are modified in accordance with the 
procedures set forth in parts 7001.0110 to 7001.0150. -However, for changes 
considered minor in nature, the Commissioner may modify a permit without 
following these procedures. In determining what changes are minor 
modifications, the Agency considered the potential effect the permit change 
could have on human health and the environment, and the requirement of parts 
7035.0300 to 7035.2875. 

Subpart 1. Scope. This subpart is reasonable because it specifically 
states that this part supplements the existing requirements found in the 
Agency's general permit rules. 

Subpart 2. Additional justification for modification of permits or 
revocation and reissuance of permits. This subpart provides ten justifications 
for permit modification or revocation and reissuance as they relate to solid 

,waste management facilities, in addition to those set out in part 7001.0170. 
Item A is a determination by the Commissioner that modification of a closure 

plan or a postclosure care plan is required by part 7035.2625 or part 7035.2645. 
Part 7035.2625 requires the owner or operator of a solid waste management 
facility to have an Agency~approved closure plan and part 7035.2645 requires an 
Agency-approved postclosure care plan. These plans are incorporated as 
conditions of the facility permit. However, these parts contain provisions for 
amending the plans whenever changes or events occur that affect the plans. 
Accordingly, this part contains the additional administrative provisions 
necessary to amend the plans. Considering that changes might be necessary and 
that _the permit must be specific and up-to-date to be an effective tool to 
regulate the facility, it is reasonable to have provisions for modifying the 
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permit. 
Item B involves the filing by the facility owner or operator of a request 

for an extension of the time periods contained in parts 7035.2625 to 7035.2655. 
These parts contain provisions regarding closure and postclosure care activities 

. ' 
including time limits allowed for closure and reasons for approving time 
extensions. Provided-the facility owner or operator makes the demonstrations 
required in parts 7035.2625 to 7035,2655, the Agency may approve a time 
extension. However, the closure plan, which is part of the facility permit, 

.. , 

specifies when the facility will be finally closed and contains a schedule for -: 
final closure. If a time extension is to be approved, the permit must be 
modified to reflect this change. Accordingly, this part contains the additional 
administrative procedures necessary to amend the closure pla'n. Since closure 
activities for some facilities could require more time to complete than the rule 
allows or originally planned for, it is reasonable to modify the permit to allow 
time extensions. 

Item C involves the notification of the Commissioner by the permittee that 
the facility will close in advance of the date contained in the permit. Because 
the closure plan indicates when the facility will be closed and how the facility 
will be closed, it is reasonable to modify the permit due to early closure of 
the facility. 

Item D involves a finding by the Commissioner that modification of the 
postclosure care period _is necessary as provided in part 7035.2655. Part 
7035.2655 requires that postclosure care must continue for at least 20 years 
after the closure is completed. That part also contains provisions allowing the 
Agency to adjust the postclosure care period by reducing or extending it and 
specifying the basis for the adjustment. Accordingly, this part contains the 
administrative procedures necessary to amend the permit to reflect an adjustment 
in the postclosure care period. An example of when this provision might be 
applicable is a disposal facility showing no release of pollutants to the air or 
ground water at the tenth year after closure. Since the potential for 
environmental harm is decreased, it is reasonable to re-evaluate the time needed 
for postclosure care. 

Item E involves a finding by the Commissioner that the permittee has made 
the demonstration required by part~ 7035.2645 and 7035.2655 that a disturbance 
of the integrity of the containment system is necessary. Part 7035.2655, 
subpart 2, prohibits the facility owner or operator from disturbing the 
integrity of the final cover, lirier, or other containment system component or 
the monitoring system without Agency authorization. If a disturbance is 
authorized by the Agency, a permit modification is needed so the postclosure 
care plan ~an be changed to include information regarding the disturbance. 
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Accordingly, this part contains the additional administrative procedures 
necessary to amend the plan contained in the facility permit. 

Items F and G involve adjustments to the levels of financial responsibility 
required of the facility owner or operator. Parts 7035.2665 to 7035.2805 
establish financial assurance requirements for facility owners and operators of 
mixed municipal solid waste land disposal facilities. Due to the variety of 
facilities and their associated risks, it is reasonable to allow the level of 
financial assurance to be adjusted according to the conditions and risks. Since 
the permit specifies the level of financial assurance,.any changes in that level 
must be reflected in the permit. Therefore, an adjustment of the level of 
financial assurance is a reasonable justification for modifying the facility 
permit. Accordingly, this part contains the additional administrative 
procedures needed to modify the permit to reflect.adjustments in the level of 
financial assurance. 

Item H involves the Commissioner's finding that corrective actions cannot 
bring a facility into compliance with ground water standards within the 
specified period of time. Corrective actions are intended to minimize the 
hazard to human health or the environment by controlling the release of 
pollutants or treating polluted waters. Since the timetable for the completion 
of the corrective actions is included in the permit, it is reasonable to allow a 
modification of the permit to allow the completion of the corrective actions. 
Accordingly, this part contains the administrative procedures needed to modify 
the permit to reflect adjustments to the time needed to complete the corrective 
actions. 

Item I involves the Commissioner's findings that conditions applicable to 
facilities were not included in the facility's permit. Since the facility's 
permit is intended to contain all requirements that must be complied with, it is 
reasonable to provide ,the administrative procedures needed to modify the permit 
to reflect adjustments to the permit. 

Item J involves the requirement for a certificate of need for the permitting 
of a facility for new or additional land disposal capacity. Since a certificate 
of need is required for permit issuance and the certified capacity becomes a 
condition of the permit, it is reasonable to allow modifications to the permit 
to reflect changes in certified capacity. 

Subpart 3. Minor modifications of permits. This subpart specifies seven 
types of corrections or allowances that can be made to a solid waste management 
facility permit without the need to follow the administrative procedures of 
parts 7001.0100 to 7001.0210. These are considered minor modifications due to 
their low potential for adversely affecting human health or the environment. 
The corrections and allowances are based on requirements set forth in parts 
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7035.0300 to 7035.2875, which are applicable to solid waste management 
facilities. Upon consent by the facility owner or operator, the Commissioner 
may modify the permit without public notice. Requiring formal modification 
procedures for these changes would be an administrative burden. 

Item A provides for the modification of a permit when the expected year of 
closure changes. The year of closure is estimated during the development of a 
closure plan for the facility. Since circumstances such as an increase or 
decrease in volume of waste received may cause the expected year of closure to 
change, it is reasonable to allow for permit modification with limited 
administrative processing. 

Item B involves changing the schedule to complete final closure. The 
schedule to complete final closure·is included in the permit issued by the 
Agency. Shoulq circumstqnces such as the need for cover placement and seeding 
during winter months cause the delay of closure activities, it is reasonable to 
allow permit modifications. Since the delay in such cases would not increase 
the facility's potential for harmful effects on human health or the environment, 
it is reasonable to consider them minor modifications and allow the changes to 
be made without formal administrative procedures. 

Items C and D involve changing the list of equipment and facility emergency 
coordinators in the permit's contingency action plan. The contingency action 
plan is required by part 7035.2615. The contingency action plan must specify 
persons qualified to act as emergency coordinators and list the emergency 
equipment at the facility. buring the term of a permit, it is likely that 
emergency coordinators and equipment will need to be changed and updated due to 
personnel changes and equipment purchases and replacement. Since these are only 
changes in name and equipment pieces, not in requirements or compliance 
standards, there should be no increase in potential effects on human health and 
the environment. Accordingly, it is reasonable to allow these changes to occur 
through a minor modification of. the permit. 

. ' 
Item E involves changing the construction schedule approved in the facility 

owner's or operator's development plans. The plans for development are only 
estimated at the time of permit application. A change in the construction 
schedule may be appropriate because of the volume of waste received or the time 
of season needed for construction. Changing a construction schedule should not 
increase the potential effects on human health or the environment. The facility 
cannot be operated if the additional construction is needed before handling 
waste. It is reasonable to allow this change through a minor modification of 
the permit. 

Item F allows for the changing _of monitoring frequency without formal 
modification procedures. Monitoring assesses facility performance. Frequency 
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is based on the best estimate of obtaining reliable information. Once a 
monitoring data base is established, it is possible to change the _frequency of 
monitoring without impacting human health and the environment •. Therefore, it is 
reasonable to make these modifications without formal administrative procedures. 

Item G is a general provision that permits may be modified without formal 
procedures if the modifications will not result in an increase in the emission 
or discharge of a pollutant to the environment, or that will not reduce the 
Agency's ability to monitor the facility. The technical standards and specific 
permits issued for solid waste management facilities contain numerous dates and 
manuals that must be kept and it is not possible to include each potential 
modification in this subpart. Allowing a general clause for the modification of 
plans contained in permits in this manner is reasonable because it ensures that. 
plans can be kept up-to-date through consensual modification without a 
burdensome modification procedure. 

Subpart 3 also requires that, for facilities in the metropolitan area, 
items A, B and F must be reviewed and approved by the Metropolitan Council prior 
to Agency approval of the modification. Minn. Stat. § 473.823, subd. 3 requires 
the Metropolitan Council to determine if a permit application or modification is 
consistent with its policy plan. Items A, B and F address changes in the 
expected year· of closure, s·chedules for final closure and monitoring 
frequencies. Modifications to these aspedts of a facility's design and 
operation could have implications regarding the Metropolitan Council's policy 
for solid waste management jn the metropolitan area. Therefore, it is necessary 
that the Metropolitan Council be involved in the review of modifications to 
dates and schedules orginally found to be consistent with the policy plan. 

C. Reasonableness of Proposed Amendments to Part 7035.0300 SOLID WASTE 
MANAGEMENT FACILITY-RULE DEFINITIONS. 

The following discussion addresses the reasonableness of the proposed new 
and amended definitions of key words and phrases used in the solid waste 
management facility permit and technical rules. Definitions not changed will 
not be addressed. It is reasonable to include definitidns in the proposed rules 
to provide a consistent· interpretation of terms by all parties. As the general 
meaning of terms can be understood differently by persons depending on their 
background, it is important that one meaning be established. By defining 
potentially confusing terms, the Agency provides the regulated community an 
understanding of what is expected of them in order to comply with the proposed 
rules. 

' Subpart 1. Scope. This subpart, which specifies where the definitions are 
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applicable, is reasonable because it informs all readers of the rules what 
definitions apply. This establishes a consistent meaning to be used among all 
affected parties. 

Subpart 2. Acceptable daily in~ake. ·A definition of acceptable daily 
intake is included to clarify what the Agency means when it describes the basis 
for developing ground water standards. It is reasonable to include this 
definition because the ground water standards are integral in determining 
facility compliance and all affected parties should understand how the standards 
are derived. 

Subpart .4. Aquifer. The rule incorporates a definition found elsewhere in 
Minnesota Rules. This definition is included because protecting aquifers is a 
main purpose of the rules. We must all understand what is being protected. It 
is reasonable to provide a consistent approach for regulating the protection of' 
these areas. 

Subpart 5. Ash. ·The term ash can be used to mean anything remaining from a 
process generating heat. The Agency feels this definition would be too broad 
for use in regulating waste materials, as it could be implied that compost is an 
ash. Residual waste is separated from ash.in determining proper management 
options. 

Subpart 6. Assets. The definition is included to provide a standard 
operating definition for use in discussions relating to financial assurance. 
This definition presents the co~mon meaning of the term as used in the business 
community. 

Subpart 7. Backyard compost site. The definition clarifies what material 
types are considered to be suitable for composting. This definition states the 
meaning of backyard to include commercial sites composting yard waste at 
business offices. Backyard compost sites are permitted by rule. Those eligible 
for such status should know what the Agency means by this term. 

Subpart 8. Bulking agent. This term is used in describing the composition 
of a compost system. It is necessary to provide consistent interpretation of 
the materials used in a compost system. 

Subpart 9. Bulky item. _ The definition is included to assist the regulated 
community in identifying a category of solid waste that may require special 
handling. 

Subpart 11. Certified capacity. Certified capacity is the basis for 
permitted capacity and is essential in the determination of financial assurance. 
The regulated community must understand that certified capacity is determined 
under certain statutes and rules. 

Subpart 12. Closure. Closure is key in determining financial assurance and 
protecting human health and the environment by minimizing the potential for 
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pollutants to leave a facility after operation has ceased. It is reasonable to 
define this term in such a manner that all facility owners and operators will 
understand how closure relates to their specific facility. 

Subpart 13. Closure document. This definition is a shorthand term for 
' 

referring to the variety of administrative tools available to the Agency for 
establishing requirements that extend for a period after the facility has 
closed. 

Subpart 14. Closure plan. A closure plan is used, among other things, to 
develop cost estimates for financial assurance. Compliance with it becomes a 
condition of a solid waste management facility permit. 

Subpart 15. Co-composting. The term is more broadly defined than used 
elsewhere; therefore, it is reasonable to define it. The definition provides 
the facility owner more flexibility in the design and operation of the facility. 

Subpart 16. Commissioner. This definition is included to reflect recent 
legislative changes in terminology. The 1987 Legislature revised statutes to· 
change the title of the Executive Director of the Agency to Commissioner 
effective August 1, 1987. 

Subpart 17 •. Community water supply. This definition includes by reference 
an existing definition found in Minn. Rules pt. 4720.0100. The use of·an 
existing definition provides consistency between regulatory bodies in their 
efforts to protect human health and the environment; 

Subpart 18. Compliance boundary. This chapter establishes water quality 
standards for mixed municipal solid waste land disposal facilities. The 
regulated community must know where the standards will be enforced. The 
property boundary is not the appropriate place for enforcing the water quality 
standards, so the term compliance boundary was conceived. It is not a term 
currently used in the solid waste industry and the facility owner needs to 
understand. the Agency's interpretation of the term. 

Subpart 19. Compost facility. Standards for the design and operation of 
compost facilities are included in the rules. Many materials may be composted 
but would not be regulated under this chapter as they are not defined as solid 
waste. It is reasonable to define compost facilities to be those composting 
solid waste. This notifies the facility owner what standards will be applied to 
the facility depending on what type of waste is composted. 

Subpart 20. Composting. The existing definition of this term is modified 
to reflect a more concise definition from rules promulgated by the state of 
Washington titled, "Regulations Relating to Minimum Functional Standards for 
Solid Waste Handling." This definition is consistent with other information 
found in literature on composting. The term ''humus-like'' was obtained from 
other states'· definitions so the compost could be used as a soil conditioner. 
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Subpart 21. Contingency action plan. A contingency action plan is used 
in developing cost estimates for financial assurance and in responding to 
problems at a facility. It is reasonable to include a definition of this-term 
in order that all parties have a similar understanding. 

Subpart 22. Corrective action. Provisions in the proposed rules require 
the repair of problems at the facility that may cause the facility to be out of 
compliance with the standards. It is necessary to define this term to provide 
the facility owner or operator guidance on how the Agency will interpret 
corrective action as it relates to steps used to bring a facility back into 
compliance with the standards established to minimize threats to'human health 
and the environment. It is reasonable to include this definition as it provides 
a consistent interpretation to the term as it applies to solid waste management 
facilities since the term is used in regulating other waste fa~ilities including 
hazardous waste and surface impoundment facilities. 

Subpart 23. Cover material. This existing definition is.modified to 
reflect the general approach followed in this chapter in designing, 
constructing, and operating facilities based on actual site specific c~nditions. 
In the past, specific materials were defined as acceptable for use as cover 
materials at land disposal facilities. The proposed definition deletes 
references to the specific materials, makes the the use of a cover material 
contingent on the Agency's approval and specifies important characteristics of 
good cover material. This modification maintains sufficient flexibility in this 
chapter to respond to technological advances capable of protecting human health 
and the environment. It is reasonable to include in this modified definition 
the opportunity to evaluate numerous cover options on the basis of economical 
feasibility as well as technical feasibility to comply with Agency standards. 

Subpart 24. Current assets. This definition is generally used by the 
business community and will provide consistency in developing information 
regarding assets and evaluating financial assurance documents. 

Subpart 25. Current closure cost estimate. This definition refers the 
facility owner or operator to part 7035.2625, which identifies a specific 
estimate developed in compliance with a specific part of the rules that deals 
with facility closure. The definition implicitly provides that only the most 
recent cost estimate will. be considered in developing financial assurance 
estimates. This.definition is reasonable because the closure cost estimate used 
in establishing suitable financial assurance funds must be the most recent 
estimate to minimize the chances of the fund being unnecessarily large or 
insufficient. 

Subpart 26. Current contingency action cost estimate. This definition 
refers the facility owner or operator,to part 7035.2615, which identifies what 
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must be included in developing a cost estimate for corrective actions at the 
facility. This definition implicitly requires that only the most recent cost 
estimate will be accepted by the.Agency. This definition is reasonable because 
this cost estimate will be used to develop the level of funding required to 
implement these actions. 

Subpart 27. Current liabilities. The definition is needed to ensure the 
same information is used by the facility owner or operator and the Agency in 
evaluating the financial status of the owner or operator. The definition is 
commonly used in the business community. 

Subpart 28. Current postclosure care cost estimate. This definition refers 
the facility owner or-operator to part 7D35.2645, which identifies the items to 
be addressed in the postclosure care plan cost estimating. This definition 
provides for a consistent approach to cost estimating procedures and that only 
the most recent cost estimate will be used to establish funding for postclosure 
care. 

Subpart 3D. Demolition debris. This definition specifies the type of 
materials constituting demolition debris for the purposes of management under 
this chapter. In the past, unusable construction materials were included in the 
definition of demolition debris. Construction materials are waste supplies 
resulting from the constru~tion, remodeling, and repair of buildings and roads. 
This material will consist of waste paints, building putty, packaging, sealants, 
oils, etc. This definition is needed to clarify that construction waste is not 
considered to be demolition debris and must be handled differently. It is 
reasonable to clarify the Agency's interpretation for use in regulating 
demolition debris. 

Subpart 31. Demolition debris land disposal facility. This definition is 
needed to explain what the Agency intends to regulate under standards proposed 
for a particular facility. This definition is a reasonable way to alert 
facility owners how the Agency classifies specific facilities for regulatory 
purposes. 

Subpart 32. Design capacity. This definition is included in this part to 
' allow the Agency to distinguish between design capacity and certified capacity. 

As discussed in subpart 11, certified capacity addresses only the in-place 
volume for mixed municipal solid waste that has been disposed of on or in land. 
Design capacity is used for all solid waste management facilities, not just the 
disposal of mixed municipal solid waste at land disposal sites. For instance, a 
land disposal facility may be us~d to manage industrial solid waste as well as 
mixed municipal solid waste and would thus have a greater design capacity than 
certified capacity. This definition is needed to specify what the Agency will 
include in the design capacity of a facility. It is reasonable to indicate how 
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design capacity is determined for a facility. 
Subpart 33. Disposal. This definition is a reference to and incorporation 

of the statutory definition of the term. It is ;easonable to refer the facility 
owner to the existing statutory defi~ition fb~·consistency in interpretation. 

Subpart 34. Disposal facility. This definition is a reference to the 
statutory definition of the term. This chapter establishes standards for 
disposal facilities. Facility owners and operators must be alerted to their 
responsibilities. It is reasonable to include this definition for consistent 
interpretation of the term. 

Subpart 35. Energy recovery facility. The definition of this term is 
needed because it has not been used previously in rules and facility owners need 
to be advised what constitutes an energy recovery facility for regulatory 
purposes. It provides for a consistent interpretation of the term. 

Subpart 36. Existing facility. It is necessary to define the term, 
existing facility, for use in distinguishing facilities constructed under 
existing rules from those to be constructed under the proposed rules. In some 
cases, the proposed standards would not be imposed at the same time for existing 
facilities as new facilities. Therefore, the definition of this term informs 
the facility owner or operator how the term will be used by the Agency in 
determining implementation schedules for the proposed rules. 

Subpart 37. Facility. The definition specifies the features added to, 
modified, or utilized at a site that constitute the act'ual facility. These 
features include the land, structures, monitoring devices, and other 
improvements on the land used to monitor, treat, process, or dispose of solid 
waste, leachate, or residuals. It is reasonable to include these items in the 
definition to clarify that building structures in the commonly used meaning are 
not the sole items considered in regulating a facility. Additionally, it 
deletes adjoining property owned by the same person from being included in 
regulatory actions if not used for the purposes described in this term. Since 
the term facility is used in the proposed rules to include many design 
features, it is reasonable to define the term in this part to alert site owners 
and operators of the Agency's understanding as to what constitutes a facility. 

Subpart 38. Floodplain. The existing definition is proposed to be modified 
to clarify the Agency's understanding of what constitutes a floodplain. This 
term is used to describe a wide variety of coriditions relating to rivers and 
streams when the water level is found to be above normal conditions. It is 
necessary to 
specifically 
floodplain. 

more narrowly define this term because the proposed rules 
prohibit the locating of a solid waste management facility in the 
It is reasonable to define this term to clarify to facility owners 

and operators the Agency's intent on cantrall ing. activities in a specific area 



• 

February 23, 1988 

-96-

of the floodplain. A one percent or greater chance of flooding in a given year 
is the common definition used for planning purposes by municipalities in 
establishing zoning restrictions and the federal government in defining flood 
zones for issuance purposes. The Agency believes it is reasonable to be 
consistent with the common use of the term. 

Subpart 39. Free liquid. Because free liquids are expressly prohibited 
from land disposal facilities under the proposed rules, it is necessary to 
define exactly what is meant by the term. It is reasonable to include a 
definition for this term that addresses how free liquids will be determined to 
ensure a consistent interpretation is used. It is reasonable to use the 
definition in defining free liquids for regulatory purposes and in maintaining 
consistency between agency and federal definitions to avoid regulatory 
conflicts. 

Subpart 41. Gross revenue. This definition is needed to provide a common 
understanding for determining the financial stability.of a company. It is 
necessary that the reporting firm and the Agency interpret the meaning of this 
term in the same manner when discussing the financial status of the company. 
This definitionpresents the common meaning used in the business community. 

Subpart 42. Ground water; groundwater. ·This definition is a reference to 
an existing statutory definition. The definition is needed since the proposed 
rules are drafted with the intent to protect ground water and all parties need 
to understand what the Agency understands.this term to mean. It is reasonable 
to refer to the existing definition to obtain consistent interpretation by all 
regulatory bodies. 

Subpart 43. Hazardous substance. This definition incorporates an existing 
statutory definition. This definition is needed because hazardous substances 
are specifically prohibited from solid waste management facilities. The 
definition is accepted by the regulatory and regulated communities. 

Subpart 44. Independently audited. The determination of the financial 
status of a facility owner or operator is critical in establishing financial 
assurance mechanisms. This definition is needed to specify who is eligible to 

. complete the review of a facility owner's or operator's financial status. The 
definition provides an understanding of the term as commonly used. 

Subpart 45. Industrial solid waste. A definition for this term is needed 
because industrial solid waste is a' unique waste categcry separate from mixed 
municipal solid waste or demolition debris. The Agency proposes under these 
rules to regulate industrial solid waste separately from mixed municipal solid 
waste and demolition debris; different than other waste types; therefore, it is 
necessary to·clarify what is intended for regulation as an 1ndustrial solid 
waste. No previous definition existed and there has been confusion over what is 
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considered to be industrial solid waste by the Agency. It is reasonable to 
include all solid waste generated from an industrial or manufacturing process 
and nonmanufacturing activities such as service or commercial establishments 
because.the solid waste generated from these activities may contain free liquids 
or pollutants at levels deemed unacceptable for management at particular solid 
waste management facilities. For instance, food processing facilities may 
generate highly putrescible waste products during the canning process. These 
wastes would not be considered acceptable for management at a transfer facility 
without the capabilities of shipment within a 24-hour period. This waste is 
different than the waste commonly experienced from households or commercial 
businesses due to the amount of putrescible material and must be distinguished 
as such to ensure proper management. It is reasonable to exclude the office 
materials, restaurant and food preparation wastes, discarded machinery, 
demolition debris, or household refuse because they are either excluded from the 
definition of solid waste, handled as a specific waste type in the proposed 
rule, or fall within the statutory definition of mixed municipal solid waste. 
This definition will provide for a consistent interpretation and alert facility 
owners about the special regulations for this waste type. 

Subpart 46. Industrial solid waste land disposal facility. The prop?sed 
rules in this chapter establish specific standards for this type of facility. 
Therefore, it is necessary to alert site owners what the Agency considers to 
constitute this type of facility. Specific standards for these facilities are 
first proposed in this chapter. 

Subpart 47. Inert material. Inert material is generated during the 
composting of solid waste material. A definition is needed for.this term 
because it is not commonly used in solid waste management. Because the common 
dictionary definition of inert would encompass more than the Agency intends to 
address with the term, it is reas onab l·e to pro vi de a narrower definition in the 
rule. The term excludes soil particles and other naturally occurring materials 
because of the confusion that might occur regarding the amount of inert material 
permitted in compost. Soil particles have little potential to negatively impact 
the environment; thus, eliminating the need to control the amount in a final 
compost pr6duct. It is reasonable to include the definition to provide a . 
interpretation of the term for use in the proposed rules and eliminate any 
confusion that might occur. 

Subpart 48 •. Infectious waste. Because this type of waste is unique in its 
characteristics and presents special risks in handling the waste, special 
consideration for its management is required under the proposed rules. A 
definition for this term is needed to clarify the waste types in this category 
in order to understand the requirements for managing the waste and the potential 
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risks associated with the improper handling of the waste. The definition is 
reasonable because it specifies the waste types considered infectious by the 
Minnesota Department of Health (MDH) in regulating hospitals, clinics, nursing 
homes, laboratories, etc. Defining the term in this· manner allows affected 
parties to approach the management of waste generated at their site in a 
consistent manner that ensures compliance with the Agency's and the MDH's 
regulatory process. It appropriately includes waste materials that pose special 
handling techniques to protect persons managing the waste while excluding wastes 

. generated at these sites that'do not pose the same concerns like food wastes, 
office wastes, etc. It is reasonable to provide a definition that all parties 
can use in determining whether materials are in this waste type. 

Subpart 49. Intermittent cover. The proposed rules are intended to develop 
facility-specific requirements. With this concept in mind, the Agency proposes 
to eliminate the term daily cover and use the term intermittent cover. The 
Agency believes it is reasonable to use intermittent cover because there will be 
situations when daily cover is not appropriate. Therefore, it is more proper to 
use a term that reflects the Agency's view on the proper use of cover. A 
definition is needed for this term because it is new and facility owners need to 
understand the Agency's meaning. 

Subpart 50. Intervention limit. A definition for this term is needed 
because the concept of an intervention limit is not widely used in solid waste 
management and is new to Minnesota. It is necessary that this term be explained 
in sufficient detail to provide the facility owner with a clear understanding of 
when the Agency proposes to intervene to protect ground water from pollution, 
i.e., at what concentration of certain undesirable substances the Agency will 
exert its enforcement authority. It is reasonable to include this definition 
because the intervention limits established in the proposed rules will be used 
to trigger particular actions protecting ground water. The facility owner or 
operator and the Agency need to have the same understanding for regulatory terms 
in order to approach facility design, construction and operation from a common 
basis • 

Subpart 51. Karst. The term karst is used to define a specific geologic 
formation or condition. The definition of this term is included in the rules to 
clarify the Agency's interpretation of this term for use in regulating the 
location of solid waste .land disposal facilities. Because a land disposal 
facility may not be located in an area characteriz~d by karst conditions, 
inclusion of a definition is reasonable. 

Subpart 52. Land disposal facility. The existing definition of land 
disposal site is proposed to apply now to land disposal facility. This change 
is needed to provide a term that is tonsi~tent with existing Minnesota Statutes 
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and eliminate any confusion that might arise. It is reasonable to include this 
definition in this part to alert all parties to'the change in terminology. 

Subpart 53. Land pollution. This existing def,inition is modified slightly 
to reflect the changes in commonly-accepted terminology developed since the 
original definition was adopted. The definition is needed to show that 
pollution can occur from the mismanagement of not only waste but also waste 
by-products. The definition has also been modified to include provisions that 
address land pollution from the contamination of soils at a facili~y as well as 
the contamination that results from land-based activities. It _is reasonable to 
include this definition in this chapter to alert facility owners and operators 
to the Agency's understanding of this term since a standard is proposed in the 
rules for land protection. 

Subpart 54. Landspreading. A definition for this term is needed to 
distinguish this activity, which takes place. on the surface, from land disposal 
which involves below-surface soils. Because the standards for landspreading are 
different than those for land disposal, it is reasonable to supply a definition 
for the term to provide the facility owner or operator with the Agency's 
intended meaning. 

Subpart 55 .. Landspreading site. A definition for this term is includ~d to 
distinguish a site used for the landspreading of waste or waste by-products from 
a site used for the disposal or processing of waste or waste by-products. It is 
reasonable to provide this definition to give the facility owner or operator an 
understanding of the Agency's intent before the facility owner enters into the 
review of the technical standards for such a site or waste taken to such a site. 

Subpart 57. Leachate management system.· This term has not previously been 
included in rules regarding solid waste management facilities. Standards-for a 
leachate management system are contained in the proposed rules. A definition is 
needed to provide a clear assessment as to what the Agency includes in the term 
of a leachate management system for regulatory purposes. 

Subpart 58. Liabilities. In reviewing the financial status of facility 
owners or operators, the Agency will. compare available moneys against obligations. ,. 
A definition for these obligations is needed to alert reporting firms to the 
Agency's meaning so they can supply the proper information. The definition is 
reasonable because it is the meaning commonly used in the business community. 

Subpart 59. Limit of detection. The proposed rules establish numerical 
standards for ground water quality. The establishment of these standards 
requires that the analyses .used to identify substances found in the ground water 
also be established. The defined term is a common laboratory term not 
previously used in Agency rules. This definition provides the facility owner or 
operator an understanding of the level of analysis the Agency will require when 
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monitoring ground water quality. 
Subpart 60. Limit of quantitation. This term is not commonly used in solid 

waste management. However, it has considerable use in the chemical analysis 
field for expressing qualitative accuracy in analyzing compounds and solutions. 
A definition of this term is needed because the term is used in the proposed 
ground water standards of this chapter. 

Subpart 61. Liner. The proposed rules establish standards for the design 
and construction of liners at solid waste management facilities. A definition 
is needed to clarify what part of a facility is governed by these standards. 
Because the proposed rules establish design and construction standards for the 
first time, it is reasonable to include a definition for this term to establish 
what activities are governed by the standards. 

Subpart 62. Lower compliance boundary. The proposed rules establish water 
quality standards for solid waste management facilities to protect human health 
and the environment. The definition in this subpart is needed to indicate to 
the regulated community at what depth below land surface standards will be 
enforced by the Agency, This definition provides a general explanation of the 
meaning of this term as it is used in the technical provisions of the·chapter. 

Subpart 63. Mixed municipal solid waste. This definition incorporates a 
statutory definition. Because the major portion of the proposed rules relates 
to mixed municipal solid ~aste, a definition of the term is needed. 

Subpart 64. Mixed municipal solid waste land disposal facility. The 
largest portion of the proposed rules governs this type of facility. The 
definition provides the facility owner and operator an understanding of the term 
for use in determining the requirements applicable to the particular facility in 
question. This definitior eliminates any confusion that might exist with other 
land disposal facilities qnd the standards that apply to those facilities. 

Subpart 65. Monitoring point. Because this term is unique to the solid 
waste rules as they relate to the protection of water quality and the 
enforcement of water quality standards, a definition of this term is necessary. 
This term must be distinguished from similar terms such as monitoring wells and 
piezometers. This definition provides a con~iste~t interpretation of the term 
when determining the proper actions needed to comply with the proposed rules. 

Subpart 66. Monitoring well. The definition incorporates an existing 
statutory definition. A definition of this term is needed because of the 
similarity between this term and other terms in the proposed rules. A 
difference in terminology could be confusing; therefore, it is reasonable the 

I 
definition be included in this part. . ' 

Subparts 68, 69 and 70. Net income, Net working capital, and Net worth. 
These terms are used in assessing the financial stability of a facility owner or 
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operator. These factors are critical in establishing a facility owner's or 
operator's ability to meet financial assurance requirements. Definitions are 
necessary to ensure all interested parties have the same understanding of' the 
meaning for these terms. The definitions are currently accepted by hazardous 
waste facility owners and operators in Minnesota and throughout the country. 

Subpart 73. Operator. Chapter 7001 makes operators co-permittees of a 
facility. A definition for this term is needed to provide a general 
understanding for the usage of this term. This term is the'basis for 
establishing regulatory control. 

Subpart 74. Owner or facility owner. This definition is necessary ~o alert 
people managing solid waste as to who the Agency will consider an owner and 
responsible for obtaining a permit as required by statute. 

Subpart 75. Parent corporation. In establishing financial assurance, 
facility owners and operators are allowed under the proposed rules to show 

' ' sufficient financial stability to self-insure activities at the facility. In 
some cases, the local facility owner or operator may be associated with a larger 
firm and may wish to use this firm as the financial backer for activities at the 
facility. A definition is needed to clarify who may act as financial guarantor 
to a local firm. The definition is commonly used in the business community. 

Subpart 76. Permeability. The term, permeability, may have different 
variations of the same basic meanings dependent on the professional background 
of personnel developing the data. Because the design of a facility and the 
enforcement of certain standards rely specifically on permeabilit~, it is 
necessary to provide a single definition to be used by all parties. Hydraulic 
conductivity or coefficient of permeability was chosen instead of intrinsic 
permeability to account for the fluid's influence on the medium it is travelling 
through. Intrinsic permeability reflects only the soil properties in 
calculating the flow through the soil. It is reasonable to use hydraulic 
conductivity in defining permeability since it is the leachate and ground water 
movement through subsurface soils and their interactions with the soil particles 
that will dictate the facility's compliance with standards. This definition 
eliminates potential confusion associated with using a term with different 
implications • 

Subpart 77. Permitted waste boundary. The proposed rules contain standards 
directly related to the permitted waste boundary. A definition for this term is 
necessary to alert the facility owner and operator where certain standards will 
be applied during ope~ation of the facility. Because this term is unique to 
sol~d waste management facilities, it is reasonable to provide a con~ise 
definition and consistent interpretation of the term. 

Subpart 79. Personnel; facility personnel. Because the proposed rules 
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establish training standards for facility personnel, it is necessary to define 
who the Agency considers to be facility personnel. The definition clarifies who 
will be governed by facility personnel training standards. 

Subpart 80. Piezometer. The definition for piezometer is needed to clarify 
the particular function of a piezometer as compared to a monitoring well. Since 
the design and construction standards for piezometers are different from 
monitoring wells, a definition to clarify the differences between these 
installations is needed. 

Subpart 81. Pollutant. This definition incorporates an existing statutory 
definition. It is reasonable to refer to the statutory definition to avoid 
confusion in using this term as it relates to many programs. 

Subpart 82. Postclosure; postclosure care. The proposed rules establish 
for the first time standards for maintaining a facility after facility 
operations have ceased. It is necessary to define the terms applied to this 
period of maintenance. This definition is reasonable because it alerts the 
facility owner to the actions that make up the postclosure care. 

Subpart 83. Postclosure care plan. The proposed rules require a facility 
owner to prepare a postclosure care plan. This definition consists of a 
reference to part 7035.2645, which defines what is included in a postclosure 
care plan. A definition is needed because a postclosure care plan has not been 
required in previous rules. 

Subpart 84. Process to further reduce pathogens. The proposed rules 
establish specific performance standards to be met in the production of compost 
from solid waste. This definition includes the four known processes that meet 
the standards and allows other processes that also meet the technical standards. 

Subpart 85. Property boundary. Because specific controls and standards are 
applied at the property boundary under the proposed rules, a definition of the 
term is needed in the rules. This definition is reasonable because it alerts 
the facility owner and operator to the area within which controls and standards 
will be applied. 

Subpart 86. Public water supply. This definition consists of a reference 
to part 4720.0100, which explains the meaning of this term. Because more than· 
one Agency is involved with the protection of public water supplies, a 
definition is needed to alert the facility owner or operator as to which meaning 
the Agency will use. The proposed term is generally understood and will provide 
a consistent interpretation among all regulatory bodies. 

Subpart 87. Radioactive waste. The proposed rule incorporates a 
statutory definition. It is reasonable to define the term by means of a 
reference because this provides a consistent interpretation to the meaning of 
the term for regulatory purposes. 
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Subpart 88. Recycling facility. The proposed rules establish specific 
standards for recycling facilities for the first time. A definition is needed 
to alert·facility ownersand operators as to ~1hat constitutes a recycling 
facility. It is reasonable to include this definition because it provides 
guidance to the facility owner and operator as to what provisions of the 
proposed rules are applicable to operations at the site. 

Subpart 91. Refuse-derived fuel. The proposed rules establish standards 
for facilities generating refuse.,-derived fuel. This term is' unique to the 
management of solid waste. A definition is needed to alert facility owners and 
operators to what type of product constitutes this type of fuel. This is the 
first time the term has been used in solid waste regulations and the definition 
provides a common interpretation. 

Subpart 92. Reg'ional flood. This existing definition is slightly revised 
only as to form. This modification simply provides consistency in the proposed 
rules • 

Subpart 93. Release. This definition incorporates an existing statutory 
definition. Because the term is ~sed in the proposed rules with implications 
for specific actions to be taken, it is necessary to define this term to alert 
facility owners and operators to the potential impacts it may have .on their 
operations. It is reasonable to rely upon the statutory definition because this 
term is used in other regulatory programs for the same purposes; this provides 
for consistent interpretation of the term. 

Subpart 95. Run-off. This definition is a minor modification of an 
existing provision. The modifications are needed to clarify the Agency's intent 
that any liquid flowing from a facility is considered run-off rather than just 
precipitation. 

Subpart 96. Run-on. This definition alerts the facility owner and operator 
that liquid draining onto a facility is of as much concern as liquid draining 
off the facility. This definition is needed to show that not only precipitation 
is of concern. Any liquid that moves onto the facility is a concern as well. 

Subparts 97, 98 and 99. Septage? Sewage sludge and Sludge. The definitions 
of these terms incorporate statutory definitions. Because these terms are used 
in regulating facility operations, it is necessary to define them to alert 
facility owners and operators to the provisions that might apply to their 
operations. Because these terms are used in other regulatory programs in the 
same manner, it is reasonable that they be defined in the same way to provide 
for consistent interpretation. 

Subpart 100. Solid waste. The existing definition of this term is modified 
to conform with the statutory definition. Since this chapter establishes 
standards for the management of solid waste, a definition is needed. It is 
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reasonable to include this definition to alert facility owners and operators as 
to the types of materials generally cons~dered to be solid waste. 

Subpirt 102. Solid waste land disposal facility. Because this phrase is 
the basis for describing specific types of solid waste land disposal facilities, 
a definition for it is needed. The definition provides for a consistent 
interpretation of this term. 

Subpart 103. Solid waste management facility. The existing definition is 
modified to alert owners and operators whqse operations had not been previously 
regulated that their operations constitute a facility. This definition reflects 
the changes made to the rules in bringing additional solid waste management 
facilities within the purview of the rules. 

Subpart 104. Solid waste storage. This existing definition is modified to 
alert facility owners and operators that storage under.the proposed rules has a 
specific meaning and is regulated with this meaning in mind. The focus in the 
definition is changed from where solid waste is held to how long solid waste of 
a minimum quantity is held. The holding time of 48 hours was selected because 
it minimized the potential risks associated with holding solid waste for a 
lengthy period of time without operational safeguards yet allows facility owners 
and operators to manage wastes in an efficient manner. Solid 'waste stored for 
greater than 48 hours will be subjected to climatic conditions such as wind and 
rain that will produce dust or leachate and may begin the first steps of 
decomposition generating leachate, gas, and odors. It is reasonable that waste 
stored for time periods under these conditions be required 'to meet protective 
design and operational standards. The quantity of 10 cubic yards was selected 
because this is a common-size design for packer trucks carrying mixed municipal 
solid waste and other delivery trucks, for industrial solid waste. The Agency 
believes that waste stored in quantities larger than 10 cubic yards presents 
operational concerns and the facility should be designed to address these 
concerns. 

Subpart 106. Stabilization test. The proposed rules utilize the 
stabilization test in determining the proper Qround water sample to obtain from 
a monitoring well. Because this term is new to the monitoring program for solid 
waste management facilities, a definition is needed to explain what a 
stabilization test consists of. The definition alerts the facility owner and 
operator to the actions comprising a stabilization test to ensure consistency 
throughout the industry. 

Subpart 108. Sum of the current cost estimates. This phrase has a. 
particular meaning for purposes of this chapter. A definition is needed to 
clarify that the phrase means the total cost estimates for closure, postclosure 
care, and contingency. No other cost estimates are included in this sum. The 
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sum is used in determining financial assurance fund levels and payments. 
Subpart 109. Surface water compliance boundary. Because this term is 

unique to the regulation of solid waste management facilities, a definition is 
needed. This definition alerts the facility own~r to· where enforcement actions 
and standards will be applied. This definition provides a common interpretation 
of the term for use in establishing standards. 

Subpart 110. Tangible net worth. To demonstrate financial assurance, a 
facility owner or operator has the option to show fin~ncial strength sufficient 
to pay for closure, postclosure care, and contingency action in a timely manner. 
The Agency must review a facility owner's or operator's' financial report to 
evaluate the financial strength of the firm. The defined term is a factor in 
the test used to determine financial strength; A definition is needed to 
provide the reporting firm with the Agency's understandi~g of this term. The 
definition provided in this subpart represents the common meaning used in the 
business community. 

Subpart 111. Transfer facility. The existing term and definition are 
modified solely to bring the terminology into conformance with language used in 
the proposed rules. These modifications do not affect the interpretation of 
this term. 

Subpart 112. Waste. This definition incorporates a statutory definition· of 
the term. Because the proposed rules are aimed at regulating waste, a 
definition ~or the term is needed. The term forms the basis from.which 
particular waste types are more precisely defined in this part. 

Subpart 113. Waste boundary. This term is unique to the solid waste 
management facility program. Because the term ~s new and unique to the solid 
waste program, a definition is needed. The d~finition defines the area used to 
deposit solid waste to be surrounded by a specific border. Particular standards 
proposed in the technical rules are applicable at this boundary. Consistent 
interpretation'is needed for equitable application of the standard. 

Subpart 114. Waste by-products. · The proposed rules regulate not only waste 
but also waste by-products as they relate to the protection of human health and 
the environment. Because only waste is physically managed in most instances, a 
definition is needed for the by-products also regulated. By defining this term, 
the Agency alerts facility owners and operators to standards for the design, 
construction, and operation of facilities as related to the by-products of waste 
disposal, processing, or treatment. 

Subpart 115. Waste collection service. 
clarify the operations that constitute this 
generally used by the entire industry. 

Subpart 116. Waste containment system. 

This definition is needed to 
service. The definition is 

The proposed rules provide 
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standards for the design, construction and operat\on of the total system used to 
manage solid waste. The system generates and must contain solid waste, gas and 
leachate. A definition is needed to clarify the-Agency's interpretation of what 
features at a site constitute the waste containment system. 

Subpart 117. Water monitoring system. Minor modifications are proposed in 
this existing definition. The modifications bring the language into conformance 
with the remaining parts of this chapter. More general terms replace the 
specific limiting terms of the past. 

Subpart 118. Water table. A minor modification is proposed to this 
existing definition. Reference to other Agency rules that have been modified to 
be no longer applicable is eliminated. 

Subpart 119. Wetland. The existing definition of the term was written in 
1970. More recent work has altered the use of the term. The new definition of 
the term consists of a nationally accepted definition published by a federal 
agency. It is reasonable to incorporate that meaning for this term because of 
the standards applicable to these areas. The consistent use of the term will 
provide for easy compliance with national standards. 

Subpart 120. Working face. This existing definition is modified solely to 
reflect a change of terms from site to facility. It does not impact a facility 
owner's or operator's operation. 

Subpart 121. Yard waste. Yard waste is a term unique to the proposed solid 
waste management rules. Because the term is unique and specific standards are 
proposed for the management of this waste, a definition is needed. The 
definition alerts facility owners and operators to what is covered in standards 
applicable to yard waste. 

The definitions in items E, G, H, J, L, M, Z, AA, GG and II of exist·ing part 
7035.0300 are repealed. Item E contains the definition of daily cover. The 
proposed rules do not use this term. Item G contains the definition of 
director. Since the 1981 legislative session changed the title of the head of 
the Agency from Director to Commissioner, thi's definition is no longer needed. 
Item H contains the definition of final solid waste disposal. This term is not 
used in the proposed rules. Item J contains the definition of free moisture. 
This term has been replaced with the term free liquid which is defined in the 
proposed rules. Item L contains the definition of incineration. The proposed 
rules do not regulate solid waste incineration. Incineration is regulated under 
the Agency's Air Quality program. Item M contains the definition of 
intermediate solid waste disposal. This term is not used in the proposed rules. 
Item Z contains the definition of sanitary landfill. The proposed rules define 
specific land disposal facilities, so this term is no longer used. Item AA, 

·scavenging, is an obsolete term no longer used in' the proposed rules. Item GG 
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contains a definition for special infectious waste. This term was changed to 
infectious waste with the definition slightly altered in the proposed rules. 
Item II defines the term underground water. This term is no longer used in the 
proposed rules. Since these provisions are no longer needed, it is reasonable 
to repeal them. 

D. Reasonableness of Amendments to Part 7035.0400 GENERAL REQUIREMENTS~ 

This existing part is proposed to be modified to correct cross-references to 
include the new technical rules and alter language to make it consistent with 
other parts. The modifications proposed in this part do not alter the meaning 
and provide clarification of the proposed rules to facility owners and 
operators. 

E. Reasonableness of Parts 7035.0600 VARIANCES and 7035.0605 AVAILABILITY 
OF REFERENCES. 

Part 7035.0600 is an existing rule relating to variances to the rules. It 
sets out the standards and procedures for the Agency to grant variances. This 
part is proposed to be modified in its entirety to remove the substance of the 
part and replace it with a reference to the variance provision in the Agency's 
Procedural Rules, chapter 7000, and Minn. Stat. § 116.07, subd. 5. Those 
provisions provide the specific standards to be used in evaluating the need for 
a variance and the procedures to be followed to provide public input into this 
process. The modified rule alerts affected persons of their rights and 
obligations under chapter 7000 and Minn. Stat. ch. 116. The modification 
provides a consistent approach to granting variances from Agency rules. 

Part 7035.0605 is a new provision. This part is needed to inform affected 
persons where they can locate certain materials referred to in the rules. 
Because the proposed rules refer to the specific materials for use in complying 
with the technical standards, it is necessary to provide a list of places where 
these references can be obtained for use without having to purchase them. 

F.· Reasonableness of Amendments to Parts 7035.0700, STORAGE OF SOLID WASTE 
AT INDIVIDUAL PROPERTIES, and 7035.0800, COLLECTION AND TRANSPORTATION OF SOLID 
WASTE. 

These parts are existing prov1s1ons. They are proposed to be modified 
simply to make the language consistent throughout this chapter. These 
modifications do not alter the meaning or implementation of these parts. 

I . 
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G. Reasonableness of Amendments to Parts 7035.1590 to 7035.2500 INDUSTRIAL 
SOLID WASTE LAND DISPOSAL FACILITY REQUIREMENTS. 

Existing parts 7035.1600 to 7035.2500 are the rules currently applicable to 
all land disposal facilities. They were adopted pursuant to Minn. Stat. 
§ 116.07, subds. 2 and 4, which allow the Agency to establish standards for the 
management of solid waste. This series is being amended to apply only to 
industrial solid waste land disposal facilities. 

In 1983 when the Agency decided to revise the existing solid waste rules, a 
su~vey was t~ken to determine the concerns of facility owners and local 
governments about solid waste management. Additionally, the 1984 Legislature in 
amendments to the Waste Management Act required the Agency to develop rules 
regarding financial assurance, closure standards, postclosure care requirements, 
and contingency action. The survey results and the legislative amendments 
corresponded in expressing a major concern over the proper disposal of mixed 
municipal solid waste. Monitoring of land disposal facilities for mixed 
municipal solid waste shows ground water pollution exists at these sites. No 
guidelines existed for the design, construction and operation of these 
facilities to prevent ground water pollution. Interested parties asked that 
specific ground water standards be established along with the closure, 
postclosure care, and financial assurance requirements. 

In reviewing the task before it, the Agency decided that it would not be 
feasible to undertake rule revisions for mixed municipal solid waste management 
at the same time as industrial solid waste management.· Industrial solid waste 
represents many waste categories that have a variety of chemical, physical, and 
biological characteristics. A rulemaking process to establish new standards for 
industrial solid waste management would be difficult because the requirements 
would need to be flexible enough to address those characteristics yet be 
consistent in approach to all facilities. Mixed municipal solid waste is, in 
general, a homogenous waste that contains a specific range of characteristics. 
However, the technology of mixed municipal solid waste management has changed 
rapidly over the past few years. The rule revisions required that the 
technological changes be addressed. Thus, the Agency determined that a more 
feasible approach would be to undertake rule revisions for these waste types at 
different times. Because of the expressed concern for mixed municipal solid 
waste management and the Waste Management Act Amendments of 1984, the Agency 
decided to proceed with rule revisions for mixed municipal solid waste 
management. After this rulemaking is complete, a new rulemaking process will 
begin for industrial solid waste. 

Part 7035.1590 and amended parts 7035.1600 to 7035.1700 establish the design 
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and operation standards for industrial solid waste land disposal facilities. 
These standards provide a fair and logical ~pproach to the design and operation 
of these facilities based on site-specific and waste-specific characteristics. 
Parts 7035.1800 and 7035.1900 establish the requirements for submitting permit 
applications and construction certifications. These'·procedures give the public 
and the applicant adequate information about the Agency's approval process that 
they might comment on the Agency's decision on the permit application. Part 
7035.2500 establishes closure standards for industrial solid waste land disposal 
facilities. 

The following discussion addresses the reasonableness of amending individual 
provisions of the rules. 

1. Part 7035.1590 INDUSTRIAL SOLID WASTE LAND DISPOSAL FACILITY .DESIGN. 

This new part explains what sections of the chapter apply to owners and 
operators of industrial solid waste land disposal facilities. Affected persons 
are also alerted under this provision to how specific requirements may be used 
in establishing design and operation controls for the management of a specific 
waste type. This part is needed because industrial solid waste land disposal 
facilities have been singled out for exemption from the general system proposed 
in these rules. These facilities will be regulated under the past system until 
the system can be modified to specifically address industrial soli·d· waste. 

This part also provides for owners and operators to submit to the Agency 
documentation that the requirements of parts 7035.1590 to 7035.2500 do not apply 
to their particular facility. The Agency's approval or disapproval will be 
based on the hydrogeologic setting, waste characteristics, fill size, soil 
conditions, operating practices, and the potential· for harm to human health and 
the environment. The facility owner or operator will submit this information at 
the time of permit application in order to substantiate the design and operation 
plans included in the application. Parts 7035.1600 to 7035.2500 were originally 
promulgated with only the management of mixed municipal solid waste in mind. 
They are being retained for industrial solid waste land disposal facilities 
until rulemaking can be completed regarding this specialized category of solid 
waste. 

Part 7035.1590 is needed to alert affected persons what specific standards 
will be applicable to their industrial solid waste land disposal facilities. 
The implementation of this part is not difficult and will not change the 
industrial solid waste management system. 

. : 
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2. Part 7035.1600 PROHIBITED AREAS FOR INDUSTRIAL SOLID WASTE LAND 
' DISPOSAL FACIL.ITIES. 

This part is an existing prov1s1on of this chapt~r, retained specifically to 
apply to industrial solid waste management facilities. This part is needed to 
identify the areas where industrial solid waste land disposal facilities are 
prohibited. This part clarifies language to be consistent with the language 
used in the remaining parts of the chapter. These modifications clarify what is 
governed by this part and do not change the standards already applicable to 
these facilities. 

3. Part 7035.1700 REQUIRED PRACTICES FOR MAINTENANCE AND OPERATION OF 
INDUSTRIAL SOLID WASTE LAND DISPOSAL FACILITIES. 

This existing part 1s retained and amended for application to industrial 
solid waste land disposal facilities only. The language .is modified to be 
consistent with the remaining parts of this chapter. The provision regarding 
the acceptance of dead animals, previously applicable to mixed municipal solid 
waste land disposal facilities, is repealed. These facilities are normally 
designed and operated to manage a specific waste type and are not sufficiently 
flexible to address the proper disposal of dead animals. The proposed 
modifications will not alter the requirements regulating industrial solid waste 
land disposal facilities. 

4. Part 7035.1800 PERMIT APPLICATION AND REQUIRED PLANS FOR INDUSTRIAL 
SOLID WASTE LAND DISPOSAL FACILITIES. 

This existing part is modified to refer to industrial solid waste land 
disposal facilities instead of' landfills and to bring other language into 
conformance with the other parts of this chapter. 

The Agency permit rules adopted in 1984 established criteria for all permits 
issued by the.Agency. Only minimal permit standards were established for solid 
waste management facilities. The Agency decided that it would not be practical 
to include specific permit requirements for industrial solid waste land disposal 
facilities until the revised technical rules are promulgated for them. 

This part is retained to provide specific permit guidance for industrial 
solid waste management facilities. The Agency has determined that specific 
permit requirements for these facilities should not be included in chapter 7001 
until the technical standards for industrial solid waste management facilities 
are revised. The Agency does not believe appropriate permit requirements can be 
included in chapter 7001 until the technical revisions for these facilities are 
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complete. The modifications to this part do not affect the regulation of 
industrial solid waste management facilities. 

Item C, subitem (3) has been modified to replace the term bedrock with the 
phrase underlying geology. This modification is made simply to conform with 
general practi~es now used in evaluating subsurface-conditions. It reflect~ t~~··· 
practice to understand other confining layers that might be present and do not 
specifically fall within the narrow term of bedrock. 

5. Part 7035.1900 BASIC PERMIT, CERTIFICATION AND COMPLIANCE REQUIREMENTS 
FOR INDUSTRIAL SOLID WASTE LAND DISPOSAL FACILITIES. 

This existing part is modified to address industrial solid waste land 
disposal facilities only. The modifications also update the language of this 
part to be consistent with the other parts of this chapter. A provision no 
longer applicable because of procedural changes has been deleted. That 
provision related to the effective date of this part. 

6. Part 7035.2500 INDUSTRIAL SOLID WASTE'LAND DISPOSAL FACILITY 
ABANDONMENT. 

This existing part has been modified to bring it into conformance with the 
other parts of this chapter. Provisions that are not applicable to industrial 
solid waste land disposal facilities are proposed to be deleted. The deleted 
provisions address the designation of another facility for a disposal facility 
and burning control. 

Industrial solid waste land disposal facilities are normally owned and ·· 
operated by the industry generating the waste. They are not generally open to 
the public. Because the public does not use the site and the owner/operator 
generates the waste, it is not necessary to provide notice for an alternative 
site. 

The provision requiring the facility owner or operator to stop burning upon 
closure is no longer necessary. This provision was originally adopted based bn 
the need to close open burning dumps and to develop proper procedures for 
closing these dumps. General burning of waste is not permitted and facility 
designs incorporate burning control measures. 

Part 7035.2500 is necessary to provide the owner or operator of these 
facilities the minimum criteria to be satisfied before the Agency will certify 
the facility properly closed. The proposed modifications do not impact the 
existing system. 
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H. Reasonableness of Parts 7035.2525 to 7035.2655 SOLID WASTE MANAGEMENT 
FACILITY GENERAL TECHNICAL REQUIREMENTS. 

The following discussion addresses the reasonableness of the proposed new 
rules regarding the general technical requirements for solid waste management 
facilities on a part-by-part basis. The Agency believes there are fundamental 
design, construction, and operational criteria applicable to all solid waste 
management facilities. Rather than repeat these criteria for each facility, the 
Agency has chosen a more reasonable and efficient method of consolidation of the 
criteria into one section of this chapter. 

1. Part 7035.2525 SOLID WASTE MANAGEMENT FACILITIES GOVERNED. 

This part establishes the solid waste management activities governed by 
parts 7035.2525 to 7035.2875. The solid waste management activities not 
governed by these parts are also defined. 

Subpart 1. General requirements. Subpart 1 requires all owners and 
operators of facilities that treat,· transfer, store, process or dispose of solid 
waste to comply with the requirements of parts 7035.2525 to 7035.2875. This 
subpart informs affected parties of the provisions of this chapter that 
establish standards for their particular activities in order to protect human 
health and the environment. The subpart is needed to provide these persons 
adequate notice as to what rules apply to them. 

Subpart 2. Exceptions. Subpart 2 identifies the solid waste management 
activities that will not be regulated under parts 7035.2525 to 7035.2875. 
Exemptions are needed for activities already regulated under other Agency rules 
or activities with such a low potential to harm human health and the environment 
that regulation is not warranted. It is reasonable to match the potential for 
environmental harm with the amount of regulation. 

Item A excludes backyard compost sites from regulation under the proposed 
rules. Small compost sites established by homeowners, owners of apartment 
complexes, or single business establishments present little potential for 
environmental harm because of their size and the type of waste handled. 
Backyard compost sites are established for vegetative waste in small quantities 
eliminating potential run-off and health issues associated with larger 
facilities. It is reasonable to exclude these sites as regulation under the 
proposed rules for compost facilities is unwarranted. Backyard compost sites 
are governed by the general nuisance laws of the State and local governmental 
conditions. 

Item B excludes from regulation under most provisions of the chapter 
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recycling sites that handle one waste type only or are used for the collection 
and transportation of recyclables to a processor in volumes less than 30 cubic 
yards. The facility owner is required to notify the Agency of the existence of 
the recycling facility and what materials will be managed at the facility. The 
facility owner is also required to store the recyclables in a manner that 
prevents nuisance conditions and run-off. Strict regulation of these facilities 
under a detailed administrative process would not be consistent with the 
potential for environmental harm represented by the activities at the site. 
Strict administrative regulation of these sites would, in effect, prohibit local 
clubs, churches, and government units from establishing convenient drop-off 
locations for the collection of recyclables. It is more cost-effective to 
manage recyclables as a separate waste stream in terms of work effort needed and 
marketability of the collected items. It is reasonable to minimize the 
regulation needed for recycling sites based on the potential for environmental 
harm and because the Agency will be informed as to the location of the sites 
should there be a need for action. 

Item C excludes industrial solid waste land disposal facilities from 
regulation under parts 7035.2525 to 7035.2875. These facilities are excluded 
from regulation under these parts because the existing rules are being retained 
for these facilities. When the Agency began to revise the solid waste rules 
originally promulgated in 1970, two main waste classifications needed to be 
addressed: mixed municipal solid waste and industrial solid waste. Each 

. . 
classification presents a complicated set of issues regarding the management of 
disposal, transfer or other solid waste management activities. The Agency 
concluded that an extensive·rulemaking process could not be undertaken for these 
waste classifications at the same time. The Agency decided that the issues 
surrounding mixed municipal solid waste management would be addressed first . 
because a capacity problem existed and specific legislative mandates were given 
to the Agency. At the same time, the Agency decided that the solid waste rules 
promulgated in 1970 would be retained for industrial solid w.aste land disposal 
facilities until a rulemaking process could be initiated for this waste 
classification. Readers of the various drafts of the proposed solid waste rules 
have suggested that a more comprehensive set of industrial solid wasie rules 
should be proposed at this time. It is the Agency's belief that a comprehensive 
set of regulations more sensitive to the issues of industrial solid waste 
management could be developed if delayed until after the mixed municipal solid 
waste rule revisions are adopted. It is reasonable to exclude industrial solid 
waste land disposal facilities from regulation under parts 7035.2525 to 
7035.2875 because these parts are written for the management of mixed municipal 
solid waste and are not entirely appropriate for the management of industrial 
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solid waste. Because the Agency intends to revise rules governing industrial 
solid waste management, it is reasonable to maintain the current system for 
these facilities until revised rules are adopted. 

Item D excludes facilities for the management of solid waste generated from 
mining activities from regulation under parts 7035.2525 to 7035.2875. These 
activities are regulated under the Agency's Division of Water Quality permit 
rules (part 7001.0020, item E) and the Minnesota Department of Natural 
Resources' rules regarding mining activities (chapter 6130). These programs 
adequately address all solid waste issues and the regulation by another program 
is not justified. 

2. Part 7035.2535 GENERAL SOLID WASTE MANAGEMENT FACILITY REQUIREMENTS. 

This part establishes standards.applicable to all solid waste management 
facilities. The Agency believes,these requirements are the foundation for the 
proper operation of any solid waste management facility and are needed to 
protect human health and the environment. It is reasonable-to include these 
provisions in one part to advise facility owners and operators of their 
responsibilities. 

Subpart 1. Unacceptable wastes. Subpart 1 addresses the types of wastes 
considered unacceptable for management at solid waste facilities. In many 
cases, the solid waste management facility is not designed to properly handle a 
specific waste. This subpart acknowledges that household quantities of 
undesirable wastes may be delivered to the solid waste management facility. The 
rules do not require the owner or operator to sift incoming household waste to 
asce~tain whether unacceptable wastes are included. Household quantities are 
permitted at solid waste management facilities. Household quantities cannot be 
precisely defined. If~a. particular amount were specified, such as eight ounces 
of a material, dispos~rs may divide larger quantities of wastes into smaller 
containers to circumvent this exemption. 

Item A_lists hai~rdous waste as an unacceptable waste. A similar provision 
appears in the existing solid waste rules. Facility owners and operators need 
to know their responsibility regarding the management of hazardous waste at a 
solid waste management facility. A solid waste management facility is not 
designed or operated for, managing hazardous waste. Therefore, adequate 
precautions are not in place to prevent the mixing, spillage, or other 
mismanagement of hazardous waste .. The potential .for mistakes resulting in 
harm to human health and the environment is high •. Because of the potential 
dangers associated with hazardous waste and the lack of proper controls at a 
solid waste management facility, it is reasonable to prohibit accepting' 
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hazardous waste at these facilities. 
Item B prohibits sewage sludge, septic tank pumpings, sewage sludge compost 

or sewage unless it has been or will be treated by a process to further reduce 
pathogens. Pathogens are disease-carrying organisms. The listed waste types 

' -

t' 

are high in pathogen content due to the sources of this waste. Unless a • · 
facility is specifically .designed to treat the. waste to kill pathogens, serious 
human health problems may result. Facility personnel must be properly trained 
to handle the listed wastes in a manner that does not subject them to human 
health problems. Thus, if a facility is not designed to receive untreated 
sewage sludge or facility personnel are not properly trained, unintended 
mismanagement of the waste will result. Because of the human health hazards 
associated with the wastes, it is reasonable to. prohibit the listed wastes at 
solid waste management facilities unless the wastes have been treated or will be 
treated at the facility. 

Item C prohibits accepting untreated infectious wastes at solid waste 
management facilities. The mismanagement of infectious wastes may cause the 
rapid dissemination of disease-carrying organisms in the environment resulting 
in human health problems. Irifectious waste consists of hospital, nur~ing home 
and veterinary wastes that have been exposed to a contagious or int'ectious 
disesse. It is reasonable to prohibit the acceptance of infectious wastes at 
solid waste management facilities because specific treatment methods unavailable 
at so 1 i d waste management f ac i1 it i es are needed to ster i1 i ze these wastes to 
kill the disease-carrying organisms. 

Item D -prohibits the acceptance of waste oil at solid waste' management 
facilities unless permitted through the industrial waste management plan 
developed for a specific facility. Waste oil when properly managed can be 
accepted at a solid waste recycling or transfer facility for delivery to another 
facility that can reuse the waste oil or dispose of it in an environmentally 
sound manner. Because solid waste management facilities can be designed and 
operated to properly manage waste oil, it is reasonable to allow the delivery of 
waste oil to a so 1 i d waste management facility that has been i:les i gned to handle 
this waste, and prohibit that delivery if the facility is not p'roperly designed. 

Item E prohibits the acceptance of radioactive waste at a so 1 i d waste 
management facility. Radioactive waste when not properly managed may harm human 
health and the environment. Specific management techniques are needed to safely 
handle radioactive waste. Solfd waste management facilities are not designed or 
operated to minimize the risks associated with the management of radioactive 
waste. Because of these risks, it is reasonable to prohibit the acceptance of 
these wastes at solid waste management facilities. 

Item F prohibits the acceptance of wastes containing free liquids at solid 
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waste management facilities. Free liquids can create numerous problems at a 
solid waste management facility. These problems include run-off from a facility 
not designed to contain the liquid, excess moisture disrupting the composting 
process resulting in ineffective treatment of the waste, ~nd operational 
problems at land disposal facilities when the waste is moved in the working area 
for compaction and covering. Surface run-off, ineffective compost production, 
and improper land disposal management can result in surface water and ground 
water pollution as well as increased land disposal of materials that would have 
been reused or used in a more cost-effective manner. The listed concerns make 
it is reasonable to prohibit. these waste from solid waste management facilities. 

Item G prohibits the acceptance of free liquids at solid waste management 
facilities. As with wastes that contain free liquids, the delivery of free· 
liquids to a solid waste management facility can severely disrupt the operation 
and design of the facil~ty. With the disruption of normal operating procedures 
or design features, the risk for environmental damage increases. The integrity 
of the operation and design features of a solid waste management facility is the 
key to the ability of the facility to meet Agency performance standards. For 
instance, if free liquids are delivered in large quantities to a land disposal 
facility the integrity of the liner and leachate collection system could be 
disrupted by erosion from the rapid discharge of liquid into the fill area and 
by the inability of the collection system to remove the liquid from the fill 
area. The erosion of a liner causes a need to repair the liner or the rapid 
movement of leachate into the environment. The increased volume to be handled 
by the leachate collection system may cause a need to discharge increased 
volumes of leachate to a tr~atment facility, which may be unable to properly 
handle the additional flow. Because of the problems associated with the 
delivery of free liquids to a solid waste management facili'ty, it is reasonable 
to prohibit free liquids from these facilities . 

. Subpart 2. Required notices. Subpart 2 establishes notifications a 
facility owner or operator must give the Agency. The facility owner and 
operator must notify the Agency before transferring ownership or operation of 
the facility. The facility owner or operator must also notify the new owner or 
operator. of the existing permit conditions. This provision is needed to inform 
the facility owner about what is expected when a solid waste management facility 
is sold. Because a permit modification is needed to change the listing of ·. 
co-permittees on the permit, the facility owner or operator must apprise the new 
owner of the responsibilities associated with operating the f.acility. This 

'provision is easy to implement and reasonable. 
Subpart 3. Security. Subpart 3 establishes the requirements for securing a 

solid waste management facility from unauthorized entry. The facility owner or 
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operator is required to use a fence or similar device to prevent unauthorized 
entry onto a solid waste management facility unless the owner or operator can 
demonstrate that disturbance of the facility will not cause violations of part 
7035.2525 to 7035.2875 or injury to the intruder. Facility integrity is 
critical to prevention of environmental harm or human health problems. 
Facilities are designed and operated to meet a specific set of standards. The 
entry of unauthorized persons could disturb this integrity and create not only 
environmental problems but a danger to humans entering the facility unaware of 
the type of disturbance that may have occurred. For instance, the vandalism of 
wells by removing protective staking or breaking off. covers could result in 
total destruction of the well by site equipment and create a conduit for 
pollutants to enter the ground water. Because of the need to protect the 
facility's integrity and the liability associated with personal injuries and 
environmental damage, it is reasonable to require security at the facility. 

Subpart 4. General inspection requirements. Subpart 4 addresses the 
inspection requirements, considered to be a minimum, applicable to all solid 
waste management facility owners and operators. This subpart is needed to 
advise facility owners and operators of the Agency's requirements for the 
minimum actions needed to preserve the integrity of the facility design and 
operation. A regular inspection program is essential in maintaining a facility 
capable of consistently meeting performance standards. Because of the 
importanc~ of maintaining facility operations in peak condition, it is 
reasonable to require that a minimum inspection program be conducted at all 
solid waste management facilities. 

Item A establishes the goals of an inspection program to be carried out by 
the facility owner or operator. An inspection program must be capable of 
detecting malfunctions, deterioration or discharges from the facility. Should 
these conditions exist, the potential for the release of pollutants to 
environment and for creating a threat to human health is great. This provision 
is needed to provide the facility owner or operator general guidance for 
developing an inspection program., This item requires a consistent approach to 
inspection programs. 

Item B requires the facility owner or operator to develop a written schedule 
for inspecting all aspects of a facility, from monitoring devices to safety 
equipment. The schedule must be kept at the facility to be used by facility 
personnel in establishing.work schedules. The inspection schedules must 
highlight specific items to be reviewed including well casings, pump motors, 
bank erosions and survey markers. This information is needed ·to ensure that 
facility personnel understand what must be looked for at the facility to ensure 
the facility is operating properly. The informati9n to be included in the 

.. 
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inspection has not been specified in order that this information will be 
developed based on the specific facility design and operation. Although this 
item establishes the requirement for a written inspection schedule and requires 
that the schedule identify the types of problems to be watched for during an 
inspection, the specific program must address the conditions at the facility. 
This item provides sufficient flexibility to allow the facility owner or 
operator to tailor the inspection program to the·facility yet provides 
sufficient guidelines for use as minimum standards to assure a base level 
inspection program for all facilities. 

Item C requires that the inspection schedule be submitted with the permit 
application for a facility. The Commissioner will evaluate the schedule to 
ensure it will minimize threats to human health and the environment. The 
facility owner or operator is required under this item to revise the schedule 
whenever conditions at the site warrant a revised schedule or the facility 
design is modified. This provision is needed to inform the facility owner or 
operator when the inspection schedule must· be submitted and its relationship to 
the facility permit issued by the Agency. This provision'is easy to implement 
and does not require special submittals. 

Item D requires that the facility owner'or operator remedy any deterioration 
or malfunction within two weeks after an inspection. Maintaining facility 
equipment in proper working order is integral to the overall performance of the 
facility. If the facility is not in proper working order, the potential for 

' releases of pollutants to the environment or safety hazards will be higher than 
normal. Because the intent of the proposed rules. and the design of the facility 
is to -Protect human health and the environment, it is reasonable to require ·the 
repair of equipment malfunctions and deteriorations within two weeks of 
detection. 

Item E requires that the facility owner or operator maintain an inspection 
log currently and for at least five years after the date of the inspection. 
This time period is extended indefinitely during time periods when enforcement 
actions remain· unresolved. The inspection log must include the time and date of 
the inspection, the inspector's name, observations, and the dates and nature of 
repairs completed. This information is needed to ensure that·the facility is 
being inspected on a routine and regular basis. The information provided in the 
inspection log will be reviewed at the time a permit is reissued for a facility 
and when enforcement action has been initiated due to violations. The 
information will help determine whether the permit must be revised to reflect 
operational or design changes made due t~ the results of .. inspections and any 
resulting corrections needed. During an enforcement action the inspection logs 
will be reviewed to determine if the inadequacy of an inspection schedule caused 
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the violations. Additionally, the repair information will shed light on whether 
the violations were the result of recent problems not yet corrected or a past 
malfunction that is now reaching a detectable level but should not increase 
further with time. Because the information maintained on the inspection log is 
critical to the evaluation .of the facility conditions and is not difficult to 
obtain, it is reasonable to require that the facility owner or operator maintain 
an inspection log and keep the records for an established period of time. 

Subpart 5. Industrial solid waste management. This subpart requires that 
all industrial solid waste delivered to a solid waste management facility be 
managed to protect human health and the environment. Every own~r or operator of 
a solid waste management facility must develop an industrial solid waste 
management plan. This plan must identify the types of industrial solid waste to 
be accepted at the facility and how it will be managed as well as the types of 
industrial solid waste that will not be accepted at the facility. A key 
component of the industrial solid waste management plan will be the portion of 
the p 1 an devoted to the es tab.l i shmen t of criteria used by the f ac i 1 i ty owner or 
operator to determine if an industrial solid waste is acceptable for management 
at the facility. 

The existing solid waste rules cont~in a provision that states any waste 
considered unacceptable by the Agency may not be disposed of at a mixed 
municipal solid waste land disposal facility. The Agency used this provision in 
establishing its codisposal program currently in effect for determining the 
acceptability of industrial solid waste at mixed municipal solid waste land 
disposal facilities. The codisposal program consists of an Agency review of 
information submitted by an industrial solid waste generator. The information 
submitted by the waste generator consists of the results of analysis obtained 
from running an Extraction Procedure Toxicity Test and an ASTM water leach test. 
These tests are used to simulate the leaching characteristics of the waste under 
acidic and neutral conditions, respectively. The results of these analyses are 
used to determine if the waste is hazardous based on the Extraction Procedure 
Toxicity Test and if not, whether it may be disposed of in the acid environment 
of a mixed municipal solid waste·land disposal facility. 

The Agency established maximum l~aching concentrations for the waste to be 
considered acceptable for management. The codisposal standards were based on 
drinking water standards and the hazardous waste limit. The codisposal standard 
was .ten times the drinking water' standard and one-tenth the hazardous waste 
standard. If these .numbers differed, the more conservative number was used. 
See Appendix VII. If the waste was found to be nonhazardous but failed the 
codisposal standard, the ASTM water leach test results were used to determine if 
the waste could be disposed of in a separate area. Along with the results of 
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, these tests, the Agency reviewed the facility inspection reports for any 
violations, the facility design for ability to accept the waste, and facility 
equipment for ability to properly handle the waste. If the Agency found the 
waste acceptable, an approval letter was issued with any special conditions for 
managing the waste attached. This approval was considered a minor modification 
to the facility permit. The facility owner or operator had the final decision 
whether to accept or reject the waste and for inspection of incoming shipmerits 
to ensure that the waste is as identified. on the codisposal application. The 
Agency also encouraged the reuse or land application of the waste when possible. 

The Agency's approval serves only to confirm that the waste is acceptable 
based on data submitted by the waste generator. However, to many facility 
owners and operators this approval represents a guarantee. Therefore, a false 
relianc-e has developed among waste generators, facility owners, and facility 
operators. The approval does not guarantee delivery of the proper wastes as 
approved. It is important for the facility owner or operator to maintain a 
system of inspecting and verifying waste·deliveries under the codisposal 
program. 

The codisposal program is currently being operated on a voluntary basis. 
However, where distinct waste streams are known, the Agency requires approval 
prior to disposal. The program does not.reach the majority of industrial solid 
waste generators. Obtaining Agency approval before disposal is not consistently 
required by facility owners throughout the State. In 1984 and 1985, the Agency 
reviewed codisposal requests amounting to 120,200 cubic yards and 152,800 cubic 
yards, respectively. It is estimated that 2,000,000 cubic yards of industrial 
solid waste is generated annually. Although these figures are estimates, they 
indicate that the current codisposal program handles about 7 percent of the 
industrial solid waste generated in Minnesota. 

In the initial rulemaking efforts started by the Agency in 1983, facility 
owners were asked about the appropriateness of the codisposal program. Facility 

·owners requested that the Agency adopt the codisposal program in rules to 
eliminate the voluntary nature of the program, Most people, particularly county 
solid waste officers, felt the program was worthwhile, but that improvements 
~ere needed on timeliness of review and level of technical assistance provided 
to county inspectors, facility owners, and facility operators on identifying the 
waste types. The Agency agreed that a review process was necessary for 
industrial solid waste. Not all waste generators were aware that thei~ waste 
was hazardous, nor did facility owners or operators recognize the need for 
special handling. 

The initial draft rules regarding the management of industrial solid waste 
attempted to improve the codisposal program by formalizing the application and 
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review process, establishing standards for waste management, and ensuring 
compliance by a system of signed approvals and inspections. As proposed, the 
draft rules provided a very complete regulatory system for industrial solid 

/waste. This system was determined to be very time consuming and burdensome for 
facility owners and operators, waste generators, and the Agency. A similar 
system is in effect in Illinois and conversations with staff of the Illinois 
Environmental Protection Agency indicate they are unable to review and process 
all the requests for disposal. 

After reviewing the initial draft rules for industrial solid waste 
management, the Agency discussed its ability to meet the anticipated demand and 
the expected benefits from the program. A second draft set of rules regarding 
industrial solid waste was written in a format similar to the first, but 
exempting some forms of industrial solid waste from review. This system would 
have approved wastes by rule in an effort to decrease the number of requests to 
be reviewed. The facility owner or operator would have been responsible for the 
review of these wastes to determine their acceptability for the specific 
facility. 

The Agency forwarded the second draft to facility owners and operators, and 
county solid waste staff for review. The comments received on this draft 
indicated that it did not meet the concerns it was intended to address. 
Although it reduced some administrative burden, full compliance by industrial 
solid waste generators would constitute a burden still exceeding the Agency's 
ability to respond in a timely manner. This system also seemed to perpetuate 
the reliance of facility owners and operators on the Agency and obscure the 
ultimate responsibility of the facility owner or operator for accepting the 
waste. Implementing this program would have required extensive staff 
commitment. The system would not ensure that facility owners and operators 
would better understand their responsibilities. 

To this point, the draft rules were aimed at the disposal of industrial 
solid waste at mixed municipal solid waste land disposal facilities. As Agency 
staff discussed an appropriate approach to a third draft of the rules, it became 
apparent that management of industrial solid waste could impact other facilities 
as well. Agency staff met with a committee of the Agency's Board to discuss the 
objectives of an industrial solid waste management rules. As a result of these 
meetings, the Agency Board approved a third approach for establishing an 
industrial solid waste management program. This program would place the 
responsibility for reviewing and approving all industrial solid waste for 
management on the facility owner or operator. This is the approach in the 
proposed rules. 

The facility owner or operator is required by·the proposed rules to develop 
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an industrial solid waste management plan. The Agency will review and approve 
this plan with the permit application. The plan will determine the mechanism by 
which a facility owner or operator will evaluate industrial solid waste to 
ensure proper management techniques are used. The mismanagement of industrial 
solid wastes can result in disruption of facility operations, in violations of 
facility performance standards, and possibly in harm to human health and the 
environment. The development of a management plan will also provide the 
facility owner or operator an understanding of industrial solid waste 
management. , 

Some commentors suggest that facility owners or operators will ·be unable to 
develop an industrial solid waste management plan because they do not understand 
what constitutes an industrial solid waste. These commentors feel an industrial 
solid waste should not be defined by the process generating the waste but by a 
set of criteria established by the Agency. The commentors suggested the 
criteria be based on_ leachate characteristics of the waste because they felt 
these characteristics represented potential risks associated with the waste. 
The suggestion included a provision that the Agency match industrial. solid 
wastes to proper management techniques for each type of- solid waste management 
facility. 

The Agency believes that to define industrial solid waste by a set of 
criteria based on leachate analyses would avoid other concerns associated with 
industrial solid wastes. Although leaching characteristics represent potential 
risks associated with the migration of pollutants into ground water, they do not 
address such issues as spontaneous combustion, compostability, compaction 
capabilities, or storage needs. The Agency believes it is more appropriate to 
define industrial solid wastes based on the generation process than a set of 
criteria that could not reflect accurately the various types of risk associated 
with different wastes and facilities. For example, refuse-derived fuel 
processing facilities may not accept foundry waste because it could damage 
equipment due to its abrasive nature while a recycling or transfer facility may 
willingly act as an intermediary between the generator and a user. Compost 
facilities may look favorably at food processing waste while a land disposal 
facility may not wish to accept it due to moisture content. 

The Agency feels facility owners or operators will be able to adequately 
address the management of industrial solid waste. Facility owners and operators 
operate sophisticated facilities in composting solid waste, producing fuel from 
solid waste, and controlling leachate migration using liners and leachate 
collection systems. Industrial solid waste represents only one component of a 
facility's operation. With technical assistance and training from the Agency, 
the facility owner or operator will be able to make increasingly more 



February 23, 1988 

-123-

sophisticated choices in the management of industrial solid waste. It is 
reasonable to allow the facility owner or operator to match the risk associated 
with·a particular waste with a particular manaQement technique rather than 
establishing by rule standards for all facilities. 

The proposed rules provide a general framework for the development of a 
management plan by identifying the factors that must be considered in 
establishing a system to evaluate and inspect incoming wastes. Specific wastes 
to be identified in a management plan are included in the proposed rule. The 
establishment of an industrial solid waste management plan for all solid waste 
management facilities is reasonable because industrial solid waste is accepted 
at all facilities. The proposed process will eliminate the duplication of 
effort for some land disposal facility owners ~nd operators. Land disposal 
facility owners and operators have, in some cases, developed an evaluation 
program for industrial solid waste as a response to the Agency's codisposal 
program. By eliminating the duplication of waste evaluation, the Agency and the 
facility owner or operator may spend more time on the determination of proper 
management techniques for specific wastes. 

The specific provisions of this subpart are discussed in greater detail 
below. ·These provisions inform the faci·lity owner or operator of the areas of 
concern to be addres?ed in the management plan. 

Item A requires that the facility owner or operator provide a discussion on 
how industrial solid waste will be managed at the facility. This discussion may 
consist of a statement that prohibits the delivery of industrial solid waste to 
the facility followed by an explanation of how incoming wastes would be 
inspected to guarantee 'that this standard is met. The Agency expects that this 
would be the situation at very few facilities. In general, industrial solid 
waste can be properly managed at any facility provided the owner or operator has . ' 
properly designed the facility and its operations. In cases where a recycling 
facility has been established to handle a single waste type or transfer station 
has less than 30 cubic yards total capacity, it is likely that industrial solid 
waste would not be accepted. How detailed a facility owner or operator must 
discuss the management techniques will depend on the type of facility the plan 
is written for and the waste types expected. It is reasonable to allow the 
management plan to reflect site specific conditions because facility designs are 
different and facility owners and operators have different comfort levels on the 
acceptable risk. All situations cannot be addressed in a rule; thus flexibility 
is needed. The Agency will use guidance manuals and training programs to assist 
the facility owner in managing industrial solid waste. 

Subitem (1) requires the facility owner or operator to specify the 
procedures that will be used to notify industrial solid waste generators of the 
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requirements to be imposed upon them and what steps to be used to inform waste 
haulers and generators of the procedures. Under t~is subitem, the facility 
owner or operator is required to establish a system for waste generators to use 
in requesting acceptance of the waste for management at the facility. If no 
waste is to be accepted at the facility, this provision requires the facility 
owner or operator to discuss how this message will be communicated to waste 
haulers and generators. 

Under this subitem, the Agency expects the.facility owner or operator to 
discuss how news media, personal contact or letters will be used to reach waste 
haulers and generators. It is important that the owner or operator establish a 
system to alert potential users of the facility about the requirements. In the 
existing program, this type of system has consisted of personal contacts with 
waste generators and written procedures for how the waste generator requests the 
facility owner to accept the waste. Generally, these procedures include 
verification that the waste is not hazardous, is not infectious, and does not 
present any safety risk to the facility owner or operator. This verification is 
demonstrated by the signature of the waste generator. 

The level of detail contained in the management plan must be sufficient to . 
provide facility personnel with the information needed to properly carry out the 
program. The Agency will review this information to determine if the 
notification and education programs are sufficient, will. reach the potential 
facility users, and will provide sufficient information to the waste haulers and 
generators so that they may comply with the facility owner's or operator's 
requirements. The notification process should include a news item in the local 
newspaper as a minimum and letters to known industrial solid waste generators. 
The education program should establish a routine for informational meetings to 
discuss thefacility owner's requirements and one-on-one meetings •. The facility 
owner can use the education program to disseminate information and to gather 
information from generators and haulers for improving the overall management 
program. 

A system for the notification and education of waste haulers and generators 
is needed to inform these parties what will be expected of them. In some cases, 
the facility owner or operator may require delivery of all industrial solid 
waste over a certain quantity or with a certain characteristic in a separate 
shipment to the facility owner. The facility owner or operator may require 
signatures by both the waste hauler and waste generator. A form should 
accompany each shipment of industrial solid waste. Because these.types of 
requirements may affect operating procedures, it is reasonable that the facility 
owner or operator provide notice to the waste haulers and generators. 

Waste haulers are included in the. requirements of this subitem because they 
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are a key component in the proper management of industrial solid waste. The 
waste hauler must understand the impacts on human health and the environment 
that might result from the improper packaging or delivery of particular waste 
types to a specific facility. If the facility is designed to handle a waste 
only under particular conditions, the waste hauler could severely curtail the 
facility's management if the necessary conditions are not met. Notification to 
customers of conditions placed upon their use of a facility is standard business 
operations. . 

Subitem (2) requires the facility owner or operator to specify in the 
industrial solid waste management plan the procedures that will be used to 
evaluate waste characteristics. This subitem does not require the facility 
owner or operator to complete an analysis of the waste but rather set up a 
process by which adequate information will be supplied to the facility owner or 
operator by the waste generator or hauler to ensure proper management techniques· 
can be used in handling the waste for disposal, incineration, transfer, storage 
or recycling. The information obtained must. be reflective of the waste being 
evaluated and the management technique to be employed. If the waste is to be 
accepted at a solid waste incinerator, this information might include the metal 
content, the combustion potential, and other key factors that may affect the 
ability of the facility to comply ~ith permits controlling its operations. 

The facility owner or operator may feel the only information needed to 
evaluate the waste is that the waste was generated from a particular process 
that consistently generates a waste of little concern for management at the 
facility. For instance, the owner or operator of a land disposal facility 
constructed with liner/leachate collection may only be concerned that the waste 
not be a liquid or a hazardous waste. In reviewing an evaluation plan, the 
Agency may look at the treatment facility for the leachate and decide that 
information regarding the leaching characteristics of the waste is key to 
determining its affect on leachate quality and the eventual treatment of the 
leachate. 

In discussing the provisions of subitem (2) with affected parties, 
suggestions were made by some that the Agency finalize a specific set of 
analyses to be completed by the waste generator and the criteria used to 
evaluate the results obtained from these analyses. Others felt that because the 
acceptance of industrial solid waste is for the most part subjective, assuming 
it is nonhazarqous, the Agency should have little say in how a facility owner or 
operator decides to accept a particular waste. Concern was also raised about 
the potential for unfair competitive advantages of a facility owner or operator 
requiring minimal data versus the facility owner or operator carefully 
evaluating the risks associated with a particular waste. 

i.; 
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The Agency feels that the language of subpart 5, and subitem (2) in 
particular, strikes a balance between the concerns raised by facility owners and 
operators, and local government officials. Under this subitem, the facility 
owner or operator determines the level of risk analysis to be completed on 
potential waste to be managed at the facility. The Agency reviews the system 
established by the facility owner or operator to ensurJ that it will provide a 
review of each waste adequate for protection of human health and the 
environment. This provides the facility owner or operator the ability to 
establish a complete risk management program for the site. If one facility 
owner or operator does not establish the same level of analysis as another, the 
risk for environmental damage may rise causing either an increase in the ampunt 
of funds set aside for contingency action or in the actual moneys expended to 
clean up problems that occur at the site as the result of wastes mismanaged due 
to the lack of understanding about its properties. Subitem (2) provides the 
facility owner and operator flexibility in designing and operating an industrial 
solid waste management facility compatible with specific facility conditions. 

Subitem (3) requires the facility owner or operator to establish a procedure 
for managing incoming industrial solid waste including identifying any special 
requirements. Included in the procedure must be a·method and rationale for 
accepting or rejecting a waste. These procedures are needed to ensure that 
facility personnel are aware of the risks associated with a waste at the 
facility. The evaluation conducted under subitem (2) is of little value unless 
a determination is made that the approved waste is the waste received. The 
facility owner or operator must establish the criteria for managing a particular 
waste prior to acceptance because if the waste cannot be managed at the site due 
to the unique design and operation of the facility, the facility owner or 
operator may wish to designate this waste as unacceptable. If procedures are 
not estab.lished for managing the waste, the potential exists for mismanagement 
of the waste resulting in harm to human health and the environment. 

The Agency will review the procedures for accepting or rejecting the waste 
and for the management techniques to be used. The Agency's review of the 
procedures will focus on the capability of the procedures to protect human 
health and the environment and their consistency with the facility design and 
operation approved by the Agency. For instance, if the owner or operator of a 
compost facility determined that foundry sands were acceptable for use in the 
compost operation, the Agency would determine whether ur not the addition of the 
sand would disrupt the composting operation or the final product end use 
distribution. If the waste would disrupt the final product, the Agency may 
decline to approve the industrial solid waste management pla'n because it will 
not adequately protect human health and the environment. The same type of 
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occurrence might arise at a transfer facility that was not designed to accept 
bulky items, tires, or other waste types that require special storage 
procedures. If the facility is not designed or constructed to address the 
management of these wastes, the Agency is compelled to dis approve their 
acceptance unless modifications are made to the facility. 

Commentors on the proposed rules suggested that the Agency establish the 
management practices and acceptance criteria by rule. These people felt a 
consistent .and standardized system for managing industrial solid waste was best 
established by rule and not through the Agency's review of individual management 
plans. Local governmental officials were concerned about their ability to 
evaluate individual management plans without specific rule requirements. These 
officials believed their solid waste ordinances might not be comprehensive , 
enough without specific criteria for approving the plan. 

The Agency agrees that a specific set of standards established by rule may 
ease the local officials' functions in approving industrial solid waste 
management plans, but would not necessarily result in adequate plans for all 
facilities. In writing standards in a rule, the facility being regulated must 
be considered. In the case of industrial solid waste management plans, the 
entire set of solid waste management facility types must be considered in 
establishing the standards. A specific standard acceptable for use at a mixed. 
municipal solid w~ste land disposal facility may have little bearing for a 
recycling facility and vice versa. Therefore, it is more appropriate to 
establish a standard that provides the facility owner or operator sufficient 
flexibility to establish a set of criteria and management procedures consistent 
with the specific design and operations of the facility used to manage the 
waste. 

The owner or operator of a solid waste management facility must understand 
the risks associated with accepting particular waste types. The establishment. 
of specific acceptance criteria and management practices can create a false 
security for the facility owner or operator due to a lack of understanding how 
the criteria were developed. The Agency acknowledges that understanding risk.· 
management and designing a complete facility program to minimize potential risks 
is acquired over time. The Agency intends to provide the facility owner or 
operator with assistance in developing an industrial solid waste management plan 1 . 

and in understanding the potential risks associated with particular wastes. The 
Agency's existing training programs will be expanded to address the evaluation 
and management techniques for industrial solid wastes. The Agency does not 
intend to impose the same restrictions on all solid waste management facilities 
or even on the same faci~ity types. It is the Agency's position that the same 
criteria be used in determining the suitability of a management plan to protect 
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human health and the environment. These criteria would address at least the 
following areas of concern: 

1. Will the acceptance criteria distinguish hazardous from 
nonhazardous waste? 

2. Are the acceptance criteria based on analyses, volume, size and 
other waste-specific characteristics? 

3. Can facility operations physically handle incoming waste? 

4. Are the proposed management techniques adequate for the specific 
facility? 

5. What special handling techniques are needed to minimize potential 
risks associated with the waste? 

The provisions of subitem (3) provide the facility owner and operata: with 
adequate flexibility to establish a waste management program responsive to 
actual site conditions. The facility owner and operator are in the best 
position to determine the amount of risk associated with a particular industrial 
solid waste considered acceptable, thus, it is reasonable to- establish a 
standard requiring the facility owner to establish a management program approved 
by the Agency. 

Subitem (4) requires the facility owner or operator to establish an 
inspection program for incoming wastes. The program must include procedures 
that will provide reasonable assurances the waste delivered is the waste 
approved. Along with the inspection requirements th~ subitem requires the 
facility owner or operator to establish criteria by which further information 
and review of an incoming waste may be required. This requirement pertains to 
incidents such as when nonapproved waste is delivered to the facility, when the 
quantity delivered exceeds the approved quantity, or when the physical 
characteristics of the waste are different than described in the evaluation 
process. It is critical to the success of the proposed management program that 
the facility owner or operator be assured that incoming waste be approved wastes 
only. Should unapproved wastes be delivered to the facility and accepted by 
facility owner or operator, the results could be disastrous to the facility. 
For instance, loads of hot wood ash could ignite other waste resulting in a fire 
and damage to the facility or barrels contain liquid wastes could severely 
damage the integrity of a lined land disposal facility. '' 

The provisions for ins~ecting incoming waste and determining its ~ 
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acceptability based on the inspection or further evaluation are needed to ensure 
that the potential risk associated with the mismanagement of particular wastes 
is minimized. The Agency will review the proposed criteria to determine if the 
inspection schedule and acceptance criteria are adequate for the facility 
designated to receive the waste. For example, receiving two extra barrels at a 
transfer facility may not justify rejection of the load; however, a compost 
facility may not be designed to incorporate the extra waste into its operation 
or store the waste until it can be used. The Agency's review will determine if 
the facility owner has proposed a program sufficient for determining when 
further evaluation is needed. The facility owner or operator will decide the 
percentage of barrels to be inspected, the depth to which loose waste is 
reviewed, and what constitutes a violation of the agreement made between the 
faci~ity owner or operator and waste generator. The Agency will provide the 
facility owner or operator with guidance on a reasonable approach and work with 
the facility owner or operator to address specific problems such as white 
powdery material compared to white granular matt~r or power plant ash compared 
to waste-to-energy incinerator ash. 

The program established by the facility owner or operator should include 
what types of forms are to accompany the waste delivery, whose signatures ar~ 

required, and how the waste is to be delivered. The acceptance of the waste may 
then be contingent on whether the hauler and generator signed the appropriate 
forms, the waste was delivered in a segregated load, or the quantity received 
was previously approved. By establishing these details in advance of accepting 
industrial solid waste, the facility owner or operator will be able to properly 
train facility personnel in accepting the waste.· These procedures are 
considered to be normal operating procedures for businesses wishing to m1n1m1ze 
risks associated with their process and some facility owners or operators have 
already established such programs. 

Item B contains a list of specific industrial solid waste categories that 
must be addressed in the industrial solid waste management plan. The list was 
derived from the codisposal request forms received by the Agency since the 
inception of the codisposal approval program for mixed municipal solid waste 
land disposal facilities. The list has been reviewed by affected parties and no 
other ·specific waste categories could be identified for inclusion in this item. 
The Agency anticipates that, as the industrial solid waste program involves 
additional waste, additional categories may be specifically identified under 
this item for review by facility owners and operators. The criteria used to 
place a waste category on this list included knowledge of the waste being 
generated on a regular basis, variability in waste characteristics, amount of 
waste generated and potential hazards associated with the waste. The Agency 
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also considered the ability for the waste to be handled at a solid waste 
management facility rather than a special industrial solid waste facility or 
hazardous waste faciiity. 

A specific list of waste categories to be addressed in all industrial solid 
_waste management plans is necessary to present a baseline from which all 
facility owners and operators will develop their program. The Agency developed 
the list of waste categories based on the risk associated with the wastes, the 
management options available for the wastes, and the probability that the wastes 
will be encountered by solid waste management facility owners and operators. By 
including the list of waste categories in the rule, the Agency has provided 
facility owne~s and operators a ~inimum standard by which the industrial solid 
waste management plan must be developed. From this list, the facility owners or 
operators may evaluate the suitability of their facilities to manage a 
particular waste, the amount of risk a specific waste category represents, and 
the changes that may be ne-cessary to allow for management of the waste category. 

Commentors on the proposed rules have suggested that the regulated community 
and ihe public would be bett~r served if the rules contained specific criteria 
regarding each waste category. Suggestions have been made that the rules 
address the risk associated with each waste category and the specific management 
technique to be used at the various facilities. The management technique would 
be directed specifically to the facility type, for example, a transfer facility 
accepting asbestos waste would be required to ~ave sealed, locking containers 
for storage of the asbestos waste until delivery to a permitted disposal 
facility. It has been said that by establishing these criteria the Agency would 
eliminate the inadequate management practices that some commentors felt were 
being used at solid waste management facilities. 

The Agency believes that the inclusion of specific criteria and management 
techniques in a rule would create a false impression of security among facility 
owners. Part of the cost of doing business is the risk associated with that 
business.· The prudent business manager attempts to minimize risks by 
understanding the system under which it operates. If the Agency supplies a 
specific set of criteria to be followed at each facility type for each waste·'· 
category, the Agency will establish a system that appears to have minimized the 
facility owners' 6r operators' risk while 'in fa·c't the Agency will only have 
failed to educate them about the risks associated with the management of 
industrial solid waste. The facility owner or operator must determine what is 
an acceptable level of risk for managing indust~ial solid waste before entering 
into such a business. It is reasonable to establish the' minimum standards to be 
use"d by the facility owner or operator in determining the risks associated with 
various wasfe categories because it serves as a tool for evaluating particular-
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management techniques. The establishment of minimum standards also allows the 
facility owner or operator to develop management te~hniques uniquely suited to 
the facility and not require a variance request for techniques that may·differ 
from those presented in a rule. It is reasonable to allow such flexibility 
because no single management technique can be applied to all facilities since 
the design, construction, operation and end use of these facilities are 
variable. 

Although the Agency does not feel the proposed solid waste rules should 
contain specific risk criteria and management techniques, it does recognize the 
need to assist facility owners and operators in understanding various waste 
categories. The understanding needed to manage particular wastes involves a 
knowledge of the waste characteristics, the risks associated with improper 
management of the wastes, and the management options available. The Agency 
believes that a discussion 'of how the specific waste categories became listed in 
the rules for inclusion in an industrial solid waste management plan will form 
the basis for this understanding. Upon finalizing the rules, the Agency intends 
to continue its education of facility owners and operators through training 
seminars, assistance during the development of management plans, a$Sistance 
during the evaluation of wastes, and by providing additional information on 
risks and management techniques associated with specific waste categories. 

The following discussion presents th~ Agency's reasons for listing specific 
waste categories for inclusion in all industrial solid waste management plans. 
Each waste category will be discussed in terms of risks associated with the 
waste, possible management techniques that may be employed at facilities 
including whether a specific facility type would be suitable for management of 
the waste, and the reasonableness of including the waste in the rule when 
considering the risks and management options associated with the waste. 

Subitem (1) requires that empty pesticide containers be addressed in all 
industrial solid waste management plans. Pesticides are routinely used in 
Minnesota as a control mechanism for nuisance insects in the agricultural 
community and by local homeowners. Pesticides are regulated by the Minnesota 
Department of Agriculture; however, pesticide coritainers are often found in the 
solid waste stream. Pesticides are normally produced from petroleum 
hydrocarbons and may include such compounds as xylene, naphthalene, coumarin, 
and chlorinated hydrocarbons such as 1,1;1-trichloroethane. These organic 
compounds may be toxic to humans, animals and fish when improperly managed. 

The major halogenated hydrocarbons like 1,1,1-trichloroethane exhibit toxic 
properties that make them potentially hazardous. 1,1,1-trichloroethane has been 
determined to be an animal carcinogen. This compound when found to be a waste 
product from dry cleaning and other industrial operations is considered to be a 

'.'' 
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hazardous waste and is required to be managed to ensure proper reuse or 
disposal. Another example, xylene, is considered potentially dangerous because 
of its low ignitability properties. Associated with the inherent dangers of the 
wastes themselves, is the high mobility of these wastes in the environment, 
which enhances their potential to harm human health and the environment. 

Pesticides are also known to persist i'n the environment creating a potential 
hazard for some time into the future. For instance, 1,1,1-trichloroethane is 
soluble in water and if present in soils with low inorganic content may move 
rapidly into the ground water. Once in the ground water this compound reacts 
very slowly releasing hydrochloric acid, which results in chloride in the ground 
water. Until 1,1,1-trichloroethane completes this degradation process, it 
remains a toxic chemical that may enter the human food chain. Once in the air, 
1,1,1-trichlorethane will only decompose at elevated temperatures. 

A pesticide's effect is to attack the central nervous system or the 
cardiovascular and pulmonary systems of the unwanted insects or worms. Because 
these bodily functions are vital to the health of humans, the ingestion of 
pesticides by humans can be particularly toxic. It, therefore, becomes critical 
that the container of a pesticide be properly managed to avoid the introduction 
of pesticides into the environment. Potential problem areas include the 
introduction of pesticides into compost facilities that may not be capable of 
decomposing the chemical in question. The compost would be applied on 
agricultural land and the chemical would eventually find its way into the food 
chain by direct consumption or movement into surface water or ground water. The 
Minnesota Department of Agriculture recommends that all pesticide containers be 
rinsed at least three times with the rinse solution being used as a product. 
Pesticides are formulated to be mixed with water for dilution prior to 
applications, thus water would, in most cases, be considered a suitable rinsing 
agent. Because of the potential hazard associated with the mismanagement of 
pesticides, it is reasonable to require that pesticide containers be included in 
the industrial solid waste management plan for solid waste facilities. 

Once the potential hazards ·associated with pesticides are known; the 
facility owner or operator must determine if the risks are m~nageab~e at the 
facility. The facility owner or operator must decide whether a suitable 
procedure can be formulated to ensure the pesticide containers are empty and if 
the containers have been triple rinsed prior to delivery at the facility. If 
the facility owner or operator decides to assume the· risks associated with 
managing empty pesticide containers, the facility owner or operator must decide 
if the facility as designed and constructed can be used to manage the waste. It 
is reasonable to allow the facility owner or operator to make this decision as 
the ultimate responsibility for the facility's performance remains with the 
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owner or operator. The Agency's function in reviewing the industrial solid 
. . 

waste management plan is approval of the method the facility owner or operator 
has chosen to handle the waste. For example, accepting empty pesticide 
containers at a transfer facility for ultimately returning the containers to the 
product manufacturer for use may be approved while the owner of a compost 
facility may not be allowed to accept such containers for transfer to a disposal 
facility because proper storage and removal options are not available at the 
compost facility. Controlling such actions through the industrial solid waste 
management plan permits the facility owner or operator to review site operations 
with respect to the waste and the Agency can ensure that the facility will be 
able to properly manage the waste and minimize harm to human health and the 
environment. References 3 and 4. 

Subitem (2) requires that all solid waste management facility owners and 
operators address the management of asbestos in the facility industrial solid 
waste management plan. Asbestos is a naturally occurring family of fibrous 
mineral substances. The typical size asbestos fiber is not visible to the 
human eye. When disturbed, asbestos fibers may become suspended in the air for 
many hours, thus increasing the extent of asbestos exposure for indivi~uals 

within the area. The potential of an asbestos-containing product to.release 
fibers depends on the ease with which it may crumble under hand p~essure. The 
fibrous or fluffy spray-applied asbestos found in many buildings for 
fireproofing, insulating, sound proofing, or decorative purposes crumbles easily 
under hand pressure. Vinyl-asbestos floor tile does not generally emit fibers 
unless sanded or sawed. 

Medical studies of asbestos-related diseases have shown that the primary 
exposure route is inhalation. These studies also indicate that there does not 
appear to be a safe level of exposure below which there is no chance of disease. 
The diseases that can result from the inhalation of asbestos fibers include 
asbestosis-scarring of lung tissue; lung cancer; Mesothelioma-cancer of the 
membrane lining the chest and abdomen, and other cancers of the larnyx, colon 
and kidney. Symptoms of asbestos-respiratory disease generally do not·appear 
for 20 or more years after initial exposure, but early detection is possible. 

Asbestos has been mixed and commercially used in the United States since the 
early 1900's. Asbestos is used in the brake linings for automobiles, which in 
themselves do not appear harmful, but asbestos dust is generated during the 
manufacturing process and from brake drum wear. Substitute nonasbestos brake 
linings have been developed and are beginning to replace asbestos linings. 
Asbestos is also used in plastic products, cement pipe, paper products, textile 
products and insulating products. Asbestos-containing wastes are normally 
generated during the demolition of buildings, removing old sewer pipe, mining 
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and cleanup processes at a manufacturer of asbestos-containing products. 
The U.S. Environmental Protection Agency (EPA) has established federal 

regulations for the transport and disposal of asbestos-containing waste. Land 
disposal is recommended as an environmentally-sound isolation method because 
asbestos fibers are virtually immobile in soil. Other disposal options such as 
incineration or chemical treatment are not 'feasible due to inert properties of 
asbestos. Handling procedures include such methods as misting the demolition 
area to prevent the fibers from becoming airborne, transporting the waste in 
leak-tight containers appropriately labeled, and disposal in separate areas at a 
land disposal facility with cover being placed immediately. 

It is reasonable to require that all solid waste management facility owners 
and operators address the handling of asbestos-containing wastes at their 
facilities because of the potential health problems associated with the 
mismanagement of the waste. Because it is critical that a record be kept from 
the generation of the waste to disposal, the facility owner or operatQr must not 
only be willing to accept the management risks associated with asbestos
containing wastes but also have a recordkeeping system established to control 
the influx of this waste. The Agency must insure that proper management 
controls are employed by the facility owner or operator to prevent the asbestos 
fibers from becoming airborne and widely spread throughout the environment, 
which may in turn impact the health of numerous persons. While the Agency may 
approve the acceptance of asbestos-containing wastes at specific land disposal 
facilities; it may not approve the acceptance of this waste at a refuse-derived 
fuel processing facility that does not have the capabilities to handle this 
waste separate from other incoming waste streams. References 5 and 6. 

Subitem (3) requires that the management ·of waste containing polychlorinated 
biphenyls (PCB) at a concentration less than·50 parts per million be addressed 
by all solid waste management facility owners and operators. Wastes containing 
PCBs below 50 parts per million are not regulated as a hazardous waste or as a 
toxic substance. PCBs are -known to be toxic to humans and animals alike. Even 
exposures to small amounts of PCBs can have an effect as this chemical 
_accumulates in the fatty tissue of humans and animals and can exert its toxicity 
after a period of years. PCBs are also persistent in the environment, meaning 
they do not-rapidly break down. 

Because of designation of wastes containing less than 50 parts per million 
as nonhazardous as long as no more than 100 kilograms of the pure waste are 
generated per month, it is reasonable that facility owners and operators 
accepting this waste develop a management technique that will adequately handle 
the waste. Currently, generators of this waste are encouraged to voluntarily 
treat the waste as a hazardous waste for disposal purposes. However, economics 
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dictate that this wi 11 not a 1 ways be done, particularly in Minnesota where no 
hazardous was~e treatment or disposal facility exists. Should a solid waste 
management facility owner or operator decides to accept the risk of managing a 
waste containing low levels of PCBs, it is reasonable that the facility owner or 
operator make available to the waste generator and hauler as well as the Agency 
the procedures to be followed at the facility to minimize any potential effects 
on human health or the environment. The Agency may permit the acceptance of 
waste containing PCBs at a lined land disposal facility or a refuse-derived fuel 
processing facility with final disposal at an incinerator but may find it an 
unsuitable waste for management at a compost facility. In order for the Agency 
to make an informed decision on the suitability of a facility to manage this 
waste, the Agency must understand not only the facility design but also the 
procedures a facility owner or operator will use to manage the waste, to ensure 
the waste is acceptable, and to tra~k the incoming waste. Because each facility 
design is different and there are more than one acceptable methods for handling 
the waste, it is reasonable for the Agency to obtain the needed information 
through a facility-specific industrial solid waste management plan. 
Reference 5. 

Subitem (4) r~quires that the industrial solid waste management plan address 
how a.specific facility owner or operator would manage spilled nonhazardous 
materials. If a hazardous material is spilled, the material it comes in contact 
with becomes a hazardous waste and must be handled accordingly. However, many 
spills occur with nonhazardous materials and the management of these spills must 
be handled on a case-by-case basis. Therefore, the industrial solid waste 
management plan must be written in a flexible manner to allow for the 
variability in waste that may be encountered. 

In the majority of cases, -nonhazardous spills have involved gasoline or 
petroleum spills. These spills can be properly managed by landspreading the 
waste in thin layers to facilitate the breakdown of the petroleum product. 
Other materials that have been spilled in Minnesota that would be considered 
acceptable for treatment by landspreading include molasses, whey solids, liquid 
fertilizer, food coloring, and aspirin. The decision of a facility owner or 
operator to accept·spilled nonhazardous materials will depend on the facility 
location,·the suitability of nearby disposal facilities, and the time required 
for processing the spilled material. Because only the· facility owner or 
operator can compare the benefits and costs of accepting such material, it is 
reasonable that the management program be developed in a facility specific plan 
rather than-dictated by rule. 

Nonhazardous spills are an excellent example of why a rule cannot establish 
a particular set of criteria for management of industrial solid waste. Not 
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every spill contains the same material or occurs exactly the same way. An 
industrial solid waste management plan affords the facility owner flexibility in 
managing spill waste as it occurs. It is reasonable to use an evaluation 
procedure in managing these wastes rather than a speci~ic set of criteria. 

For some years, the Agency has attempted to designate certain land disposal 
facilities as suitable sites for the landspreading of spilled wastes. However, 
no facility owner or operator has been willing to set aside a portion of the 
site for use as a landspreading site. Instead, spilled nonhazardous wastes are 
incorporated into cover designs, agricultural lands, or simply disposed of in a 
land disposal facility. With the increase in alternative solid waste management 
facilities, it may be possible to incorporate spill materials into these 
operations. For instance, a compost facility owner may be willing to accept 
food product spills while not accepting petroleum product spills. Paint spills 
may possibly be incorporated into the process· for a refuse-derived fuel 
processing facility and incinerated for energy recovery rather than placed in a 
land disposal facility. Because of the variety of spill materials that may be 
generated, no one risk determination can be made. Therefore, it is reasonable 
to permit the facility owner or operator to develop a management strategy for 
these materials based on the particular facility design and operation. The 
Agency will assist the facility owner or operator in developing a strategy that 
will properly assess the potential impacts from a spilled nonhazardous material 
in order to protect human health and the environment. It is reasonable for the 
Agency to approve the management strategy on a facil ity-by-faci 1 ity bas is as it 
ensures protection of human health and the environment while affording the 
facility owner or operator sufficient flexibility in determining the level of 
risk associated with managing spill materials and constructing a management 
strategy consistent with existing facility operations. 

Subitem (5) lists rendering and slaughterhouse wastes as a category of 
wastes to be addressed in all facility industrial solid waste management plans. 
Rendering and slaughterhouse wastes are highly putrescible waste that may, if 
improperly managed, create odor problems and other nuisance conditions as well 
as operational disruptions. In deciding to accept these wastes, the facility 
owner or operator will need to consider the specific handling procedures needed 
to prevent these wastes from developing into nuisance and operational concerns. 
Because of the difficulty in managing these wastes, it is reasonable to allow 
the facility owner or operator to decide if the wastes can be handled at the 
specific facility in question without disrupting existing operations or causing 
a major change in a planned facility's design. 

The potential risk to human health and the environment from rendering and 
slaughterhouse wastes comes from their potential to disrupt standard facility 
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operations. Rendering wastes normally have a very high content of fat wastes 
from the processing of animals. Slaughterhouse wastes may have a high amount of 
blood and internal organ waste from processing animals for human consumption. 

I 

These wastes, although highly putrescible, may not be acceptable at al) compost 
facilities due to their high moisture content, the difficulty in handling the 
w~stes to obtain good mixing and prevent unwanted compaction creating anaerobic 
conditions that may stop the composting process, and if the operation is · 
outdoors, the attraction for vectors and other unwanted animals disrupting 
operations. The nature of the wastes makes them very slippery even though 
little free moisture may be present. This condition could create problems at a 
land disposal facility preventing good compaction and covering in the area where 
the waste is deposited. This in turn allows flies, vectors and other unwanted 
animals to enter the facility and create potential health problems. The 
difficulty in operating under these conditions may also cause a disruption of 
facility structures such as the liner and leachate collection system providing 
an avenue for contaminants from other sources to reach the ground water. A 
refuse-derived fuel processing facility accepting this waste may generate a fuel 
product of less quality than anticipated due to the extra moisture present in 
these wastes or be unable to generate a compostable fraction because of the 
reasons discussed previously. 

Because a facility owner or operator needs to assess the oper~ting 
capabilities associated with the particular facility, it is reasonable to use an 
industrial solid waste management plan as the needs assessment tool. All 
facility owners and operators must address these wastes in a management plan 
because no one management technique is suitable for all compost facilities, 
transfer facilities, etc. The Agency's review will ensure that the management 
technique chosen by a facility owner or operator will be compatible with the 
facility and thus, prevent nuisance and operational problems at the facility. 

Subitem (6) requires that all industrial solid waste management facility 
plans address the handling of wastes that could spontaneously combust or that 
could ignite other wastes because of high temperatures. Examples of wastes that 
may spontaneously combust or ignite easily include soybean processing waste and 
paint filters. Should these wastes ignite, the resulting damage to a facility 
could disrupt solid waste management services as well as create avenues for 
pollutants to reach the environment increasing the area of impact. Thus, the 
facility owner or operator must determine the risk associated with these wastes 
and whether the potential for fires is larger than the facility owner or 
operator is willing to accept. Should the facility owner or operator decide 
that the waste can be handled at the facility, a program for determining which 
incoming wastes are subject to spontaneous combustion, how the wastes can be 

., 
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safely stored, if needed, and how the wastes can be treated or disposed of 
properly is needed. 

The facility owner or operator must be able to decide on the best management 
technique for existing operations rather than the 'Agency dictating such 
practices by rule. For disposal facilities, landspreading of the wastes may be 
an option while transfer facility operations may need to provide for immediate 
transportation to a treatment or disposal facility. Only·by knowing the 
specific facility in detail can a suitable management plan be developed to 
minimize potential fire hazards associated with these wastes and ultimately 
protect the environment. from potential harm resulting from the disruption of 
facility structures or operations due to the fire. The management technique 
used will depend on the specific facility design. The Agency must review and 
approve the chosen technique in order to ensure that minimum standards are met. 

Subitem (7) indicates that foundry waste should be addressed in all 
industrial solid waste management plans. Foundries generate usable products 
from casting molds. Products generally formed in this manner include valve 
bodies, gears, faucets, cookware and automotive engine parts. Foundries may be 
classified according to the types of materials being processed--iron, steel and 
nonferrous. Nonferrous foundries most commonly work with aluminum, brass, 
bronze and magnesium. The high temperature necessary for melting the metals 
are attained by a variety of .devices such as the coke fired cupola, gas 
crucible, electric arc furnace, and the electrical induction furnace. The waste 
generated is dependent on the type of foundry and the melting process used at 
the foundry. 

In 1981, approximately 98,000 tons of foundry waste were disposed of in 
Minnesota. The types of waste generated included cupola dust, casting molds, 
core sand, finishing dust, paint filters, paint residues, and sweepings. 
Generally, the process by which these wastes ~re generated is similar regardless 
of the type of metal process. Sand is the most common medium to form cast 
molds. Small quantities of binders and conditioners may be added. The majority 
of meta 1 foundries in Minnesota use about 35 to 105 tons of silica sand per day. 
The sand is reused as many times as possible before it is discarded as a waste. 

Most foundry wastes are land disposed; however, the industry has been very 
active in attempting to find uses for the waste to reduce the need for land 
disposal. To the extent possible, molding sands are reused at the foundry. 
Some wastes have been found suitable for use in the manufacturing of roadbase 
material. Some material has been found suitable for the production of concrete 
bricks and other products that totally entrap any constituents that might leach 
from the waste. Land disposal facilities have found that the sand wastes are 
useful· as daily cover material. The facility owner or operator may wish to 
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handle the entire waste stream from a foundry, dividing it into categories for 
recycling, land-disposal, etc., or only handle those wastes specifically 
manageable at the facility. In any case, the facility owner or operator will 
need to evaluate the potential risks associated with managing foundry wastes. 

As discussed earlier, the founqry industry generates a variety of waste 
streams from any one plant. Each of the waste streams will have a different 
level of risk associated with it. In some cases, the risks may be operational 
while in other cases, the potential exists for environmental problems due to the 
leachability of the particular waste. It is beneficial to discuss a sampling of 
the waste s~reams generated by the foundry industries and the potential risks 
associated with those wastes. The facility owner or operator will need to 
establish a program that reviews the entire waste stream from a particular 
foundry. The facility owner or operator should establish the procedures to be 
used for evaluating incoming wastes because each foundry will have different 
waste types depending on the type of products made and molds used in the 
process. 

Slag generated at foundries binds the constituents in a glass-like state. 
Slag is generated during the metal melting process to remove impurities in the 
system. Slag retains heat for a substantial amount of time after its removal 
from the system. If the storage, transportation, or disposal of the slag is not 
carefully controlled, unaware persons could be burned or fires started from the 
placement of slag with ignitable materials such as paper or paint filters. The 
potential for fires directly relates to the potential for environmental impacts 
from a solid waste management facility accepting this waste. The destruction of 
part of all of the facilities could result in the movement of pollutants into 
the environment because existing contrqls are also destroyed. 

Molding sands may contain heavy metals or organic pollutants depending on 
the particular foundry involved. Heavy metals such as lead, cadmium, or zinc 
are toxic to humans and animals as well as limiting growth factors for plants. 
If wastes containing heavy metals are placed in an acidic environment such as 
that found at mixed municipal solid waste land disposal fa~ilities, the metals 
are leached from the waste and have the potential to move into ground water or 
surface water resources. If large amounts of heavy metals are placed in a 
composting waste pile, these metals may be taken up by plants after 
landspreading of the final compost product. If proper landspreading techniques 
are not used the plant growth may be reduced, thus impacting agriculture 
production. 

Heavy metals are persistent in the environment and may move into ground 
water at any time. Although heavy metals react with some soils to prevent 
migration of the metals into the ground water, sufficient leaching of the soils 
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by acidic rainfall or leachate from mixed municipal solid waste land disposal 
facilities may cause the metals to move into the ground water. Soils containing 
high amounts of sand do little to retard the movement of polluted leachate into 
the ground water and do not react with the leachates to remove metal pollutants. 
Thus, facility owners or operators operating land disposal facilities in areas 
containing large sand deposits may·find the acceptance of foundry waste under 
these conditions unacceptable. ·However, the facility owner or operator may also 
decide that sufficient changes in facility design and operation can make the 
risks ·associated with these wastes manageable and move forward with such a 
program. The proposed solid waste rules provide sufficient flexibility for this 
decision. 

Furnace dust can create environmental 
just the leachability of pollutants. The 
talcum powder, easily dispersed by wind. 
levels of pollutants are contained in the 

problems of a nature different than 
texture of furnace dust is like a fine 
Chemical analyses indicate that high 
dust particles. The small particles 

with their corresponding large surface area may leach pollutants more 
efficiently and, without proper management controls, may be more widespread 
because of wind dispersal. Core sands and molding sands that contain phenols, 
formaldehyde or proprietary ingredients must also be closely managed. These 
materials may be persistent, toxic and organoleptic in water. Certain phenolic 

; 

compounds are not readily removed from drinking water by conventional treatment. 
When chlorinated, the phenols in the water may combine with chlorine to form 
chlorophenols, which give unpleasant taste and odor to the water. Phenols may 
kill aquatic life. Some compounds are carcinogenic. The facility owner or 
operator must consider all risks associated with the management of these wastes. 
Requiring the facility owner or operator to address the management techniques to 
be employed at a facility affords the Agency an opportunity to review these 
techniques for their ability to protect human health and the environment. 
References 7, 8 and 9. 

Subitem (8) requires all facility owners or operators to address the 
management of ash from incinerators, resource recovery facilities, and power 
plants in their industrial solid waste management plans.r Although the potential 
pollutants contained in the ash may vary, a management plan can be developed to 
evaluate the types of ash that might be delivered to the facility. It is 
reasonable to require all facility owners and operators to discuss the 
management of ash at their facilities because of the'reuse options available 
making an intermediate facility as feasible an alternative as the conventional 
land disposal methods used in past years. 

To understand the risks associated with the management of ash, a discussion 
on the characteristics of ash is needed. Because of the increased ·use of 
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resource recovery facilities as a method to reduce the amount of mixed municipal 
solid ~aste that is land disposed, this discussion will focus on the risks 
associated with managing ashes generated from the burning of mixed municipal 
solid waste. The ash may be classified as bottom ash--a heterogeneous mixture 
of metals,' glass,,dirt, organic materials, stones. and unburned paper, and fly 
ash generated from the combustible fraction. The composition of any ash is 
affected by several factors includi.ng community source separation programs, 
geographic locations, seasonal variations, and any front-end processing of the 
incoming mixed municipal solid waste before combustion. 

During the combustion of mixed municipal solid waste, the waste 
characteristics are altered both chemically and physically. Metals, which do 
not burn, increase in concentration in the ash directly proportional to the 
degree of volume reduction achieved. Combustion may also create products of 
incomplete combustion including the highly toxic families of organic chemicals 
known as dioxins and furans. This phenomenon is particularly true for fly ash: 
toxic metals such as lead, cadmium, and mercury are partially volatilized at the 
high temperature of the incinerators, become entrained in th'e combustion gases 
and as the combustion gases cool the gaseous metals condense onto the surface of 
the small particles of fly ash present in the gas. These toxic substances may 
be widely dispersed in the environment because the particles are small and are , 
easily transported by air or water, and readily inhaled or ingested: upon 
exposure. Thus, management of these wastes must be conducted in a manner which 
minimizes airborne particulates to the extent possible. 

Toxic metals--lead, cadmium, mercury, etc~, are bioaccumulative. That is, 
when ingested these constituents accumulate in the fatty tissues of humans and 
animals and can have long-term effects. Some metals are acutely toxic (arsenic 
and selenium) and when ingested may have immediate effects. Commonly used leach 
tests employ acids to digest the waste for analysis and determination of the 
amount of metals that will be removed from the waste once it is placed in a land 
disposal facility. It is assumed because the decomposition of mixed municipal 
solid waste generates an acidic leachate that the only concern for managing 
wastes in such an environment would be the leaching of potential toxic 
pollutants under these conditions. However, the increased use of monofills 
creates the need for an evaluation of the wastes under more neutral conditions. 
Metals such as arsenic and selenium have a tendency to leach more under neutral 
conditions than. acidic. Some metals like lead leach under acidic and alkaline 
conditions and must be evaluated depending on the specific process used to 
generate the waste. Although understood to a lesser extent~ dioxin~ and furan~ 
are found in ash generated from the incineration of mixed municipal solid waste. 

Understanding the potential pollutants contained in ash is only a part of 
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determining the risk associated with the management of ash. It is also 
important to understand the routes of exposure. Exposure to taxies present in 
ash can occur directly, through exposure to airborne or settled dust, suspended 
particles washed into surface waters, or contaminated soil, and indirectly, 
through the leaching of its toxic pollutants into ground water or surface water, 
and bioaccumulation and contamination of food sources. The industrial solid 
waste management plan must be flexible enough to allow these areas to be 
addressed through facility design and operation. 

Ash is susceptible to airborne transport. The small ash particles can be 
inhaled or ingested releasing toxic pollutants directly into human tissue. Ash 
particles may also be deposited onto nearby croplands, grazing areas or surface 
waters used by domestic animals where they can contaminate human food sources. 
Precautions must be used during the management of ash to prevent its particles 
from becoming airborne. The movement of ash or its toxic pollutants can affect 
human health as well as aquatic organisms. Taxies in surface waters are not 
only available to fish and other organisms but may also have immediate effects 
on the organisms. In addition, surface water contaminated with taxies may lead 
to direct human exposure if. used as a drinking water supply. Soils or sediments 
can be polluted by toxic chemicals by direct disposal of the ash, leaching, or 
the deposition of these chemicals from the air or water. Because metals do not 
degrade over time, they may pose a threat to human health and the environment 
for some time into the future. 

The facility owner or operator must determine the risk associated with the 
management of ash whether it is from a resource recovery facility or a power 
plant. If the facility owner or operator owns and operates a l·and disposal 
facility located in a sandy-loam soil with little ability to attenuate metals, a 
decision must be made on the need to install a liner system or other management 
option before accepting the waste. Numerous studies have been conducted on 
power plant ash, and to some degree on incinerator ash, for reuse rather than 
land disposal. With these options available, the transfer facility owner or 
operator or refuse-derived fuel processing facility owner or operator may wish· 
to work as an intermediary between the ash generator and the reuse facility. 

The utilization of ash depends on many factors including particle size, 
distribution, physical .composition, chemical composition, density, and moisture 
content. The common uses for ash are as an aggregate replacement in the subbase 
of roadway construction and asphalt mixes, replacement for cement in blocks and 
other ?tructurai material, and as the grit on roofing shingles. Each of these 
processes normally binds the potential pollutants within the product decreasing 
the risk of a release of the pollutants into the environment and a need for land 
disposal facilities. Ashes have also been used as daily and intermediate cover 
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material at land disposal facilities where on-site soils are unavailable. 
Methods are also available to -stabilize the ash before land disposal but this is 
essentially binding the ash up in a cement-like substance. The reuse of ash 
would be a better alternative. 

Because of the variability in ash characteristics and the management 
techniques available, it is reasonable that a facility owner or operator be 
given sufficient flexibility to evaluate the potential risks associated with a 
particular waste and how these risks fit into the overall management program for 
the facility. The most efficient manner to accomplish this task is to require 
in rules procedures that adequately address the waste in question without 
dictating specific management techniques. The development of alternative uses 
of ash has been rapid in recent years. Specifying certain management techniques· 
in rules would either stifle the creativity of the waste generators or cause the· 
Agency to grant numerous exceptions to the rule. It is reasonable to provide 
the flexibility in the inital review process when it is known up front that 
exceptions will be requested and indeed will be reasonable. References 10, 11; 
12 and 13. 

Subitem (9) lists paint residues, paint filters and paint dust as waste 
types to be addressed by all facility owners and operators in their industrial 
solid waste management plans. Paint wastes may contain heavy metals as well as 
organic residues. The organic residues remaining in the paint waste volatilize 
during the drying process making the waste extremely flammable. The organics. 
may also be toxic. The management of these wastes must be compatible with the 
risks associated with the particula~ waste being evaluated. In some cases, ·the 
preferred management option may be incineration rather than land disposal due to 
the flammability of the product. However, in these instances, the storage of 
the particular waste becomes a management concern. As discussed earlier, heavy 
metals are toxic to hu~ans and other animals and when released to the 
environment the hazard associated with these elements can linger far into the 
future. 

Paint wastes are generated by many manufacturing firms as well as industrial 
producers of paint. The particu'lar paint characteristics correspond to their 
uses by manufacturers and commercial uses. The paint used on machine parts does 
not have the same characteristics as an indoor house paint. Equally important 
are the differences between paints used near heat sources and those used on 
outdoor wood products. These differences in characteristics must be reflected 
in the management plan developed by the facility owner or operator; The. 
facility owner or operator must develop a procedure to evaluate not only the 
characteristics of the waste but also the adequacy of the facility to manage the 
waste properly. This flexibility is obtained only through a facility-specific 
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plan. Therefore, it is reasonable that the rule require the facility owner or 
operator to develop management plans for their specific facility for the waste 

. categories with known risks to· the environment if improperly managed and to the 
facility if not compatible. For a rule to anticipate the numerous waste types 
associated with the manufacture and use of paint, a lengthy set of requirements 
would be needed resulting in a loss of ability to make management techniques fit 
the facility. 

Paint sludges present a risk to facility operations in that they often are 
high in water content. During the painting process, a water mist is often used 
to minimize the fine spray particles from becoming airborne. The water also 
decreases the risks of fires from the volitization of organics in the paint 
overspray. This added water in the paint waste can create operational problems 
at facilities. For a land disposal facility, free moisture present in the waste 
can increase the amount of leachate generated at the facility, increasing 
treatment cost. If the amount of moisture is too great, it can disrupt the 
integrity of the liner and working face of the fill area. For facility owners 
and operators accepting this waste as an intermediary facility, the extra 
moisture could cause storage and handling concerns. A facility owner of a 
compost facility may wish to reject the delivery of paint wastes because of the 
length of time needed to compost this material, if it will compost at all, and 
the potential· distribution problems with the end-product, if high in metals. 

The risks associated with toxic metals and organics in industrial solid 
wastes have been discussed earlier. The facility owner or operator must 
establish a program that minimizes the overall risks associated with the 
acceptance of the waste. It is reasonable to require all facility owners to 
address their risk management program for i~dustrial solid wastes in a facility 
specific plan because of the need for the plan to accurately reflect the 
capabilities of the facility to manage a waste in a manner that minimizes the 
threat to human health and the environment. References 2, 3, 5 and 6. 

Subitem (10) requires the facility owner or operator to address industrial 
sludges as part of the industrial solid waste management plan. Industrial 
sludges may be generated from many manufacturing,·treatment, or industrial 
processes. Slupges of concern include ink sludges, lime sludge, wpod sludge and 
paper sludge. The potential risks associated with these sludges vary with the 
metal content, moisture content, and organic content. The risks are operational 
and threatening to human health and the environment. 

In developing an. industrial solid waste management plan, the facility owner 
~ .. ' ' 

or operator must first understand that the risk associated with all sludges is. 
the excessive moisture. Creating a sludge normally includes washing down work 
areas with water or collecting used materials, allowing the impurities to' 
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settle, and collect the settled material as a sludge. This excess moisture is 
not allowed in a land disposal facility due to the potential for extra amounts 
of leachate to be generated and disruptions of operations. For resource 
recovery facilities, the excess moisture may eliminate the potential for 
combustion of the waste for energy recovery and as a management option. 

The concern with ink sludge is the level of metals present and the organics 
found in the solvents used to prepare the ink. The metals of concern are 
generally lead, cadmium, chromium and barium. In most ink sludges, the level of 
metals is above the criteria that establish the waste as ·hazardous. 
Additionally, depending on the solvent used in developing the ink and in the 
printing process, the waste may be classified hazardous. The facility owner or 
operator must establish an evaluation program to determine if the waste is 
hazardous. In general, generators of ink sludges are working to find 
alternative management techniques other than land disposal in an attempt to 
minimize the risks associated with this waste. 

As discussed earlier, the metals present in waste are normally more mobile 
in acidic environments than neutral environments. The metals can be toxic to 
human~, plants and animals when directly ingested or taken up by plant roots. 
Cadmium, for instance, can accumu~ate in plants and be transmitted to livestock 
and humans. Because cadmium tends to accumulate in leafy tissue and be excluded 
from grain and fruit, landspreading alternatives should avoid land cropped with 
leafy vegetables. Human and animal muscle tissue accumulates little cadmium; 
almost all is concentrated in the liver and kidneys. Thus, little cadmium would 
be transmitted to humans through the food chain when leafy vegetables are not 
tainted. The potential for metals to move int9 ground water is minimal. The 
metals contacting soils of the clay and humus families are normally bound to the 
soil particles and do not represent a risk at that point. Too great an 
application of metals to surface soils may result in phytotoxicity to plants 
grown on the area and exceed the soils ability to bind the metal. This 
potential for long-term toxicity is high if improper management techniques are 
followed. 

Lime sludge, in addition to having a potential for high moisture content, 
may also have a high pH and high levels of metal.and organic pollutants. The 
level of concern over lime sludge depends on the process used to generate the 
sludge. Lime is introduced into water and wastewater treatment facilities to 
increase the removal of solids and other unwanted particles that may disrupt the 
plant operations. Lime is alkaline and increases the pH of the water, which in 
turn causes the metals present in the water to precipitate out as salts. If the 
lime is then placed in an acidic environment, the potential, although low, 
exists for these metals to become mobile. Again, the facility owner or operator 
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must evaluate suitable management alternatives for this waste. At land disposal 
facilities, it may be possible for the fa(iJity owner to incorporate the lime 
sludge into existing cover material to extend the use of the cover material. 

Wood and paper sludge may contain metals and organics depending on the 
process used in the manufacturing of wood and paper products. As with the other 
sludges, the facility owner's or operator's industrial solid waste management 
plan must address the procedures used to evaluate incoming wastes for their 
hazardous nature and the management technique best suited for the particular 
waste in question. It is reasonable that a site-specific plan be used rather 
than rule requirements because it allows the facility owner or operator the 
opportunity to address the evaluation of a waste according to the intended 
management technique to be employed. For instance, a compost facility may be 
willing to accept a wood sludge or lime sludge that is compatible with the 
composting method used at the facility and the intended end-use for the compost. 

The Agency will review the proposed evaluation program in conjunction with 
proposed management options and facility design to ensure the risk to human 
health and the environment is minimized. The Agency must conduct this review to 
fulfiil its statutory requirements to protect human health and the environment. 
Reference 1. 

Subitem (11) requires addressing fiberglass, urethane, polyurethane, and 
epoxy resin wastes in industrial solid waste management plans. •These wastes may 
be found in liquid, semi-solid or solid forms. The facility owner or operator 
needs to establish a program to evaluate the waste as delivered and an 
inspection program to ensure that the waste has been approved. It is important 
that the management p 1 an address the potentia 1 for these wastes to be de 1 i vered 
in liquid and semi-solid form. For most resins, the hardening process involves 
the evaporation of organic solvents that leaves a hardened product. The 
solvents and resins are composed of organics that can be harmful to humans and 
the environment. Organics in concentrated forms can weaken liners, are 
potentially flammable, and may spontaneously combust. These wastes should be 
considered in all industrial solid waste management plans because these waste 
types are generated from many manufacturing processes and, with the use of 
regional facilities, more waste types will be accepted at a variety of facility 
types. The facility owners and operators must be aware of the risks associated 
with the wastes and devise a program by which they can safely manage them. No 
rule can adequately address all waste types. References 2, 3, 5 and 6. 

Subitem (12) requires consideration of spent activated carbon filters in all 
industrial solid waste management plans. Activated carbon filters are ·used to 
treat water and other liquids. The material found in the filter depend on what 
liquid is treated. Activated carbon effectively removes organics and metals.' 
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If filters are found nonhazardous during the evaluation required of all waste 
generators under the hazardous waste rules, the next concern is the proper 

• management of the filters. In most cases, current technology only allows 
using incinerators or land disposal facilities to dispose of the filters. The 
owner of a compost facility may refuse to accept this waste under any 
circumstances while the owner of a transfer facility may decide to act as an 
intermediary between the waste generator and the finaL disposal facility. In 
some cases, such filters can be reactivated and used again allowing the transfer 
facility owner the option to function as an intermediary with a recycling 
facility. Because it is very difficult to estab_lish specific criteria in a rule 
to adequately address all carbon filters, facility owners or operators 
appropriately should establish an evaluation and management program specific to 
their facilities. The facility-specific plan allows for-the flexibility of 
mana~emen t options to be emp 1 oyed as techno 1 ogi ca 1 advances are made a 1 ong thes·e 
lines. Reference 1. 

Subitem (13) requires all facility owners and operators to develop 
management procedures for industrial solid wastes not listed in subitems (1) to 
(12). It is important to include this evaluation program in industrial solid 
waste management plans because a rule cannot identify all industrial. solid 
wastes generated in the State and the specific.areas of generation in order to 
inform all facility owners 'and operators about the industrial sol iq wastes 
generated within their service area. The categories of waste listed in subitems 
(1) to (12) were included because of their widespread generation in the State as 
identified through the AgencY's existing codisposal program, and because of the 
potential risks associated with the management of these wastes. As time 
progresses, industries, manufacturers and other businesses stqrt up or relocate 
in new areas creating the need for management of those wastes. The inclusion of 
this provision allows the rule to remain responsive to the changing business 
climate in the State. Each facility owner or operator should include wastes 
specific to their service area in order for the Agency to adequately address the 
risk to human health and the environment from the facility. 

Item C requires that all facility owners or operators include in their 
industrial solid waste management plans a 1 i st of wastes they wi 11 not accept at 
the facility. It is reasonable .to require this list in the plan because it will 
inform faciJity users and the Agency of the wastes the facility owner or 
operator will not handle. It is important for the facility owner or operator to 
evaluate known industrial solid wastes to determine if the risk associated with 
these wast~~=is acceptable and manageable. By eliminating the wastes presenti~g 
too large a risk, the faGility owner or operator is limiting the scope of wastes 
to be dealt with at the facility. This,·in turn, provides an opportunity for 
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more time to adequately address the wastes to be managed at the facility. 
Item 0 contains a list of waste categories that do not need to be addressed 

by facility owners and operators in their industrial solid waste management 
plans. These wastes were placed on this list based on their similarity to 
household waste, their previous treatment prior to handling at the facility, and 
the low risk associated with the waste. It is reasonable to exclude these 
wastes from industrial solid waste management plans because few unique handling 
methods are needed to adequately manage the wastes in a manner that protects 
human health and the environment. The facility owner or operator, under this 
i tern, has the ability to accept these wastes and manage them at the facility 
without previous review and approval by the Agency. Allowing the facility owner 
or operator this flexibility forces more time to be spent on the evaluation and 
determination of proper management techniques for wastes that present a greater 
potential for harming human health and the environment. 

Subitem (1) lists paper and cardboard wastes from manufacturing processes or 
packaging as a waste that need not be addressed in the industrial solid waste 
plan. These wastes under normal conditions would not come into contact with the 
type of constituents, metals or organics, that are considered hazards to human 
health or the environment if released due to improper waste management. The 
wastes do not cause operational difficulties, are similar in nature to household 
wastes, and represent low potential for adverse imp,acts. Facility owners and 
operators may manage these wastes with no Agency input because of lack of risk 
associated with their management. 

Subitem (2) permits food and beverage packaging and handling materials to 
be managed at solid waste management facilities without Agency review. Food and 
beverages represent little risk to human health and the environment. It follows 
that pack~ging or handling materials in contact w1th these materials would have 
little risk associated with them. These wastes may be managed by facility 
owners and operators with little Agency involvement •. 

Subitem (3) lists food without free liquids as an acceptable waste at any 
solid waste management facility. Mixed municipal solid waste contains 
approximately 18 percent food waste by weight. The concern with food waste from 
service and commercial operations is the amount of liquid that may be present. 
This liquid,presents operational concerns at solid waste management facilities. 
If the food waste contains no free liquids, it may be managed at solid waste 
management facilities without a specific evaluation completed on it. 

Subitem (4) lists aluminum, iron, steel, glass, wood, and hardened, cured 
plastic waste as acceptable without prior evaluation or consideration regarding 
operational practices. These metals and hardened, cured plastic waste are 
commonly found in mixed municipal solid waste (10 percent by weight). The 
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metals are listed in their naturally occurring state and present no increased 
risk to the environment. Glass is refined sand and an inert material and 
presents no risk. Wood decomposes in the environment on a regular basis. Wood 
managed at solid waste management facil,ities n~present.s no larger risk. 
Hardened, cured plastics are slow to degrade and have r~leased any free organics 
in the plastic during the curing process and represent no increase in risk. 

Subitem (5) lists dewatered sewage sludge that has been treated by a process 
to significantly reduce pathogens pursuant to parts 7040.0100 to 7040.4700 as a 
waste exempt from the industrial solid waste management plan. Two waste types 
specifically prohibited at solid waste management facilities are infectious 
wastes and wastes with free liquids •. Sewage sludge without dewatering is 
approximately 95 percent liquid and 5 percent sol ids. The excessive amount of. 
moisture presents operational concerns at solid waste management facilities and 
excessive leachate generation. The pathogens present in sewage sludge represent 
a human health concern. Therefore, if the sewage sludge is dewatered and 
treated to kill pathogens, the management concerns with this waste are 
eliminated and no further evaluation is required. 

Subitem (6) lists compost including sewage sludge compost produced in 
accordance with part 7035.2835 as needing no evaluation by the facility owner or 
operator or the Agency is required for management at solid waste facilities: 
Mixed municipal solid waste compost and sewage sludge compost conta1n no free 
moisture and pathogens have been eliminated. As discussed above these would be 
the concerns with these materials, thus no evaluation is necessary. 

Subitem (7) lists grit and bar screenings from a wastewater treatment plant 
as an exempt from specific discussion in industrial solid waste management 
plants. Grit and bar screenings consist mainly of sand, rags and other inert 
materials that present little risk at solid waste management facilities. This 
composition eliminates the need for specific evaluation in the industrial solid 
waste management plan. 

Subitem (8) lists ash from boilers and incinerators using only wood as a 
fuel source as a waste requiring no specific evaluation for acceptance at a 
solid waste management facility. The ash generated from the burning of only 
wood is similar to the ash generated during a forest fire and presents no risk 
to the solid waste management facility. Therefore, no evaluation is required. 

Item E requires the facility owner or operator to amend the industrial solid 
waste management plan whenever management practices or wastes included in the 
plan change. The amended plan must be submitted to the Agency for approval. 

It is reasonab 1 e. to require the p 1 ans to be amended and to be reviewed by 
the Agency because a change in wastes accepted at a facility or a management 
technique could have an impact on the ability of the facility to prevent harm to 
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human health and the envjronment. It.is the Agency's responsibility to ensure 
the protection of human health and the envjronment. Therefore, it is 
appropriate for the Agency to review the techniques used. to manage wastes with a 
high potential for effects on human health.and the environment. 

3. Part 70~5.2545 PERSONNEL TRAINING. 

Subpart 1. General. This subpart requires all solid waste management 
facility personnel to complete a training program in the classroom, by 
on-the-job training, or in some combination of the two. The training must occur 
within six months after the effective date of the rules or after employment. 
The training must be recorded on the facility operating report and training 
dates reported on the annual report submitted to the Agency concerning the 
facility. The training program must provide facility personnel with sufficient 
expertise to operate the facility in a manner that protects the environment and 
that ensures compliance with performance standards contained elsewhere in the 
proposed solid waste rules. It is reasonable to require that all facility 
personnel take part in a training program specific to the facility they are 
responsible for operating because if management of the facility is not adequate, 
the result may be facility disruption or pollution of the environment. Facility 
personnel have the day-to-day operation responsibility and must understand the 

• I.-. '. 

importance of their actions. 
The proper .operation of a facility is critical to its ability to meet 

performance standards and for distribution of·the end-product. If not properly 
operated, a compost facility will not generate a product that meets specific 
quality standards for delivery to its consumers. A transfer facility may not 
store and deliver wastes properly if facility personnel are not aware of the 
consequences of their actions. It is reasonable that the Agency review the 
training programs in order that minimal program standards be addressed in each 
program. The Agency's review wi 11 ensure that all solid waste management 
personnel reach a minimal level of competence on the operation of their specific 
facility and are capable of handling emergency procedures to minimize facility 
impacts of a failure. By ensuring a base level of training at all facilities, 
the Agency will ensure all Minnesota citizens of protection when a solid waste 
management facility is operating. 

Subpart 2. Owner or operator of a land· disposal facility. This subpart 
requires that a certified operator be present at a land disposal facility during 
operating hours. This provision is a reminder of the requirements already in 
chapter 7048 of the Agency's rules. Chapter 7048 requires" that" land disposal 
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f~cilities be.operated by certified persons who have completed some level of 
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classroom training, on-the~job experie~ce; _and continuing education. The 
technology in design, constructing~ and operating a land disposal facility is 
rapidly changing. It requires an. understanding how waste placement and the use 
of liners, leachate collection and treatment, and cover materials are integrated 
into a system to minimize the potential for ground water, surface water, land 
and air pollution. Therefore, training of the land disposal facility operator 
is important and this trained individual is needed at the facility to ensure 
proper operating policies are followed. Facility owners and operators will be 
reviewing the rules for basic design, construction and operation requirements. 
This subpart provides a specific provision with·which they must comply. 

Subpart 3. ·Minimum program requirements.· This subpart describes the basic 
components to be included in all training programs. In establishing a minimum 
program by rule, the Agency informs the facility owners and operators. of its 
concept of a basic, acceptable training program. Establishing basic 
requirements in a rule provides a consistent statewide approach to preparing 
facility personnel to properly manage solid waste at any facility •. The items to 
be addressed in the training program are discussed in greater detail in the 
following paragraphs. 

item A requires training 6n using, inspecting, repairing and replacing 
facility eme\gency and monitoring equip"ment. Emergency and monitoring equipment 
alert personnel to the failure of facility equipment or dangerous situations at · 
a facility such as gas leaks, pump failures, or pressure build-up. If these 
systems are not properly functioning, they serve little purpose •. Facility 
personnel must be trained to know· when to take actions to control emergency . 
situations, who to call in local emergency personnel, and how to maintain the 
equipment in good working order. It is reasonable to require the training 
program to cover these areas· because an uncontrolled emergency can endanger the 
health of facility pe~sonnel, disrupt facility operations, and.impa~t the· 
environment creating a need for corrective action. 

Item B requires th~t. all facility personnel be trained in activating 
communication and alarm systems. It is basic to protecting the integrity of the 
facility that alarm systems be activated when needed. Unnecessary activation 
of alarm systems will cause facility personnel to become complacent and not 
react in.a timely manner, which endangers facility personnel and can increase 
the magnitude of the problem. A delayed alarm system can endanger facility 
personnel and seriously disrupt the facility. Requiring that the activation of 
communication and alarm systems be included in the training program does not 
present. an additional_burden to t~e facility owner or operator. , 

Item C requires training personnel on activating automatic waste feed cutoff 
systems. -It is imp~rtant that facility pe~sonnel be capable of activating waste 

/ 
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feed cutoff systems to prevent.the uncontrolled expansion of problems that have 
arisen at the facilit~. For instance, if a fire should occur in the waste 
processing areas of a refuse-derived fuel processing facility, the addition of 
combustible materials to this area would increase the potential for major damage 
to the facility, long-term disruption of the facility operations, and harm to 
human health and the environment. Training facility personnel to activate 
cutoff systems is relatively easy to do, requires no out of ordinary business 
activities, and can result in long-term savings of repair costs to the facility 
and the environmeht. 

Item D requires that facility personnel be trained in responding to fires at 
a facility. Responding to fires may range from the extinguishing of small, 
segregated fires to activating the alarm system an,d calling local emergency 
personnel. It is important that the facility personnel be trained to eliminate 
an unnecessary delay in reacting to the situation. This requirement does not 
require the facility owner or operator to institute actions beyond sound 
busi~ess activities. 

Item E requires training facility personnel to properly respond to facility 
failures, including erosion, liner disruption or monitoring devices. A facility 
is designed and constructed to meet specific performance goals. Should any 
portion of the facility fail, the facility owner or operator may be unable to 
monitor the facility performance or operate the facility to meet the performance 
goals. The failure of facility design features can cause the facility to exceed 
environmental performance standards and can be hazardous to human health. A gas 
monitoring system, if failing, may be unable to adequately detect the build-up 
of explosive gas in facility buildings, which could be set off at any moment by 
a spark or flame resulting in harm to human health and possibly the environment 
if the entire-facility operations must cease. It is reasonable to require the 
training of facility personnel to respond to facility failures because the 
facility operation is integral to the meeting of performance standards, which 
have been established as control mechanisms for protecting human health and the 
en vi ronmen t. 

Item F requires that facility personnel be trained to respond to ground 
water or surface water pollution incidents. These incidents may range from 
elevated levels of pollutants in monitoring well samples to a break in a 
sedimentation pond causing the discharge of large volumes of sediment into. 
nearby surface water. Ground water or surface water pollution is a major 
indication of facility performance and can create widespread dangers to human 
health and the environment. A proper response to these incidents must be. 
addressed in the facility personnel training program. 

Item G requires the inclusion of accepting and managing of wastes other than · 
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mixed municipal solid waste in the facility personnel training program. This 
provision relates to the management of .. re~yclables, waste tires, industrial 
solid waste, etc. It is important that these wastes not disrupt the management 
of mixed municipal solid waste or incre?se the potential for harm to human 
health and the environment by improper management. The management of incoming 
wastes is crit1cal to the overall facility performance. Facility personnel must 
be adequately trained to manage these wastes. 

Item H requires facility personnel to be trained in rejecting wastes not 
permitted at the facility. The facility owner or operator and the Agency work 
together in deciding the types of wastes that a particular facility can properly 
handle. The acceptance of a waste considered unacceptable for the facility 
increases the risk of violations of performance standards and disruption of 
facility operations. For instance, should a load of sludge be delivered to a 
transfer facility and accepted by facility personnel, there may be no stqrage or 
as transportation provisions at the facility resulting in the sludge being 
stored improperly or transferred to another facility after improper mixing in 
another load. Because the management of incoming wastes is critical to overall 
facility performance, i~ is reasonable to require that facility personnel be 
adequately trained to manage these wastes. 

Item I requires facility personnel to be trained in water sampling. Water 
sampling and analysis is the most important method used to evaluate the 
performance of the facility. The ground water and surface water standards 
require that precise results be obtained from the analysis. The precise 
analytical results needed require that sampling methods be carefully controlled 
so that no potential pollutants are introduced into the sample causing 
misinterpretation of the water quality. If the facility owner elects to use a 
professionally-trained person to collect samples, it remains necessary that 
facility personnel be informed about the sampling protocol that will be 
followed. A specific protocol is used for collecting samples, including the 
number of samples taken, the equipment used, the order of sampling monitoring 
points, and the transportation of the samples to the analytical laboratory. The( 
facility owner or operator will want.a representative of the facility to 
accompany the sampler and ensure that proper methods are used in· collecting 
samples for analytical results. Facility personnel must be trained regarding 
sampling at the facility because of the importance of the analytical results 
obtained from the samples and the need to minimize any outside pollutants into 
the sample. 

Subpart 4. Training update. This subpart requires an annual review of the , 
training provided facility personnel and more often if changes at the facil~t~ 
dictate such a need. It is reasonable to require an annual review of the 



February 23, 1988 

-154-

training program because f~cility operatfons are not static and facility 
personnel must know how changes might affect facility operations. 

4. Part 7035.2555 LOCATION .STANDARD~.· 

This part sets out the areas where no solid waste management facility may be 
constructed or operated. 

Subpart 1. Floodplains. This subpart prohibits the location of a new solid 
waste management facility in a 100-year floodplain. See definition of 
"floodplain" in proposed part 7035.0300, subpart 38. The establishment of a 
solid waste management facility in a 100-year floodplain increases the potential 
for the waste either being processed, stored, or disposed of at a facility to be 
washed away from the facility into surrounding areas. Additionally, the waste 
could stay.within the flooding body of water and through this water's movement 
have a wider impact. The wash-out of waste from management facilities allows 
pollutants to be released·into ~urface waters rendering ·recapture difficult or 
impossible. The disruption of facility operations due to the flooding waters 
can increase the potential for environmental damage. Prohibiting the location 
of new solid waste management facilities from 100-year flo·odplains avoids an 
increased risk of harm to human health and the environment. 

Subpart 2. Other locations standards. This subpart addresses specific 
areas other than floodplains in which solid waste management facilities may not 
be located. The listed locations are found.in many areas of the State and can 
affect the operational capabilities of facilities.· The three areas where all 
soJid waste management facilities are prohibited are discussed below; 

Item A prohibits the establishmen~ or constr~ction of solid waste management 
facilities within shoreland areas governed by Minn. Rules chs. 6105 .and 6120. 
Each county in Minnesota is required under these rules to develop shoreland 
management plans. These plans regulate the development of shoreland areas in 
order to protect.them from detrimental impacts. Shoreland areas are intended to 
act as buffer zones for protection of surface water bodies from impacts 
associated with development. Prohibiting the construction of solid waste 
management facilities in these areas avoids the risk associated with the 
flooding of these facilities and releasing pollutants into surface water. 

Item B prohibits the establishment,or construction of solid waste management 
facilities in wetland areas. Wetland areas are protected from destruction 
because of ~heir importance in maintaining an.ecological balance between plants 
and animals that function either entirely·on land or in water. Wetlands also 
act as a filter for surface water. Wetland areas and shoreland·areas are 
environmentally sensitive due to the fragile balance maintained between the 
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habitat provided for animals and plants and the potential destruction of the 
habitat by excess moisture, erosion, etc.· The protection 'of these areas 
involves the need to disrupt them as little as possible. 

Item C prohibits the establishment of solid wa~te management facilities in 
areas where the emissions of air pollutants would violate ·the ambient air 
quality standards. Prohibiting the location of solid waste management 
facilities in these areas avoids the inconsistency of allowing a facility to be 
constructed in areas where air quality standards will be violated and the 
facility owner or operator will immediately be faced with compliance actions. 

5 .. Part 7035.2565 GROUND WATER QUALITY, SURFACE WATER QUALITY, AND AIR 
QUALITY AND SOIL PROTECTION. 

This part establishes general performance standards to be met by all solid 
waste management facilities in order to protect air, land, and water. 

Subpart 1. Duty to protect water. This. subpart establishes a general water 
protection standard. All solid waste management facilities must be designed, 
constructed, and operated to contain sediment, solid waste and leachate and to 
prevent ground water and surface water pollution. If any releases occur and any 
pollution exists, the facility owner or operator must institute torrective 
actions. This subpart provides a general performance standard used. to govern 
solid waste management facilities and is more precisely defined for each 
facility in later rules. This subpart explains the Agency's position regarding 
protection of the waters of the State and goals of facility design and 
operation. It is the responsibility of all persons managing solid waste to 
handle it in a manner that does not endanger,human health and the environment. 
This provision clearly explains this duty. 

Subpart 2. Designation of compliances boundaries,.standards, intervention 
limits. This subpart provides for the establishment of compliance boundaries, 
standards, and intervention limits for mixed municipal solid waste land disposal 
facilities in permits, orders or stipulation agreements. The details for the 
establishment of these items are contained in the·rule governing mixed municipal 
solid waste land disposal facilities. Compliance boundaries, standards, and 
intervention limits can be established for other solid waste management 
facilities if the Agency finds it necessary based on site conditions and the 
potential for ground water or surface water impacts. It is reasonable to 
establish compliance boundaries, 'standards, and intervention limits in the· 
governing document for the facility because the facility design, site 
conditions, facility operations and waste characteristics are highly variable 
and no rule could adequately address all facility situations. 
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As discussed earlier, compliance boundaries are the point at which standards 
are enforced. The Agency believes the property boundary is not the appropriate 
point for enforcement purposes because if pollution is detected at the property 
boundary, there is a high probability that pollution exists off the property 
also. A property boundary or a c6mpliance boundary is not a barrier capable of 
preventing the movement of ground water, gas, or pollutants from moving past the 
boundary. The compliance boundary provides a point or line where pollution can 
be detected before migration has occurred to any great extent, thus allowing for 
corrective actions to remedy the situation before off-site places are impacted. 
By designating the compliance boundary in a permit, order, or stipulation 
agreement, the Agency is able to be more responsive to facility-specific 
conditions and designs. 

Standards and intervention limits are quantitative figures used to judge the 
performance of solid waste management facilities. The values for these factors 

.are established in proposed rule part 7035.2815, subpart 4. However, this 
subpart also provides for deviation from the established values under specific 
conditions, e.g., existing facilities not designed for leachate containment. In 
order for the facility owners or operators to know the value applied to their 
facility, some documentation is needed. The place for this documentation is in 
the governing document for the facility because it specifies the design, 
construction, and operation requirements as well. This allows facility owners 
and operators to be totally informed about their compliance requirements in a 
single document, eliminating any potential confusion. 

Subpart 3. Air quality protection •. This subpart prohibits open burning of 
solid waste' in accordance with parts 7005.0700 to 7005.0820 and requires all 
solid waste management facilities to operate and maintain the facility in 
conformance with the Agency air pollution control rules, parts 7005.0010 to 
7005.3060, of which the open burning prohibition is a part. The air quality 
protection standard in the proposed rule is an existing set of standards 
applicable to all facilities. This provision serves as a reminder to facility 
owners and operators, makes it explicit that the standards apply to solid waste 
management facilities, and does not represent an extra burden to the facility 
owner or operator. 

Subpart 4. Soil protection. This subpart requires that the design and 
construction of solid waste management facilities be done in a manner capable of 
minimizing the pollution of soils from solid waste. This provision excludes 
soil liners as they are intended to provide some attenuation capacity for 
pollutants thereby treating the leachate. The soils on or near a facility 

' ' 

should be equally as important as air or wat~r and should be protected in a like 
manner. In Minnesota, the'land is used for agricultural activities, forestry 
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activities and recreational activities g1v•1ng it· a high value and need for 
protection, making this a reasonable standard for the development of solid waste 
management facilities •. 

6. Part 7035.2575 OPERATING RECORD. 

The P,rovisions of this part set out the requireq contents of an operating 
record to be maintained at all solid waste management facilities. 

Subpart 1. Record requirement. This subpart requires that all facility 
owners and operators keep an operating record at the facility. The operating 
record tracks activities at the facility and shows compliance or noncompliance 
and follow-up procedures followed during periods of noncompliance. The 
operating record provides a history of site maintenance activities. Requiring 
an operating record is a normal practice in operating a facility in a manner to 
minimize risks associated with handling wastes; it is a tool in determining 
performance; and it will not be an extra burden to the facility owner or 
operator. 

Subpart 2. Record information. This subpart establishes the type of 
information the Agency requires to be included in all operating records. This 
subpart also requires that all operating records be kept·for a minimum of five 
years or until any pending enforcement action is resolved. It is reasonable for 
the Agency to establish by rule the minimum information to be kept -in an 
operating record because it provides data on day-to-day activities, which could 
be the cause of enforcement actions. The record also alerts the facility owner 
and operator to the Agency's informational needs for compliance determinations. 
The specific items to be maintained in the operating record are discussed in 
greater detail below. Five years is a reasonable· time to maintain operating 
records because it coincides with permit time periods, and provides for a review 
during repermitting to determine if modifications to the facility or permit are 
needed. 

Item A requires the facility owner or operator to maintain a record of the 
amount of mixed municipal solid waste received each day, the management 
techniques used, and the date received. The amount of waste received may be 
reported by weight·only if scales are available at the facility. It is 
reasonable to require the facility owner or operator_ to maintain this 
information because it is needed to evaluate the amount of waste processed 
compared to revenues taken -in, land disposal capacity used, or end product 
produced. Maintaining this information in the operating record does not present 
an additional burden to the facility owners or operators. 

Item B requires that the operating record maintain detailed information on 

. ' 
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industrial solid waste managed at the facility,. Th.is information must include 
the amount and type of waste received each day, the generator's name, the point 
of generation, and the method of handling the waste. Each waste type must be 
recorded separately. The information regarding industrial solid waste should be 
maintained separately in the operating record because, if a release occurs or 
facility operations are disrupted, industrial solid waste records can be. 
reviewed to determine if industrial solid waste may be the cause of the release 
as has happened in the past. 

Item C requires land disposal facility owners and operators to maintain a 
record of the location of industrial solid waste received at the facility in 
quantities greater than 10 cubic yards at any one disposal event. Should a 
problem arise at a land disposal facility related to compliance with operating 
and performance standards, the removal or treatment of a specific waste may 
alleviate.potential long-term effects associated with a problem. For instance, 
an existing facility accepted a load of industrial solid waste that was later 
found to be hazardous from a particular generator. Because the facility owner 
or operator knew where the waste had been deposited, the generator was able to 
remove the waste and properly manage it at a hazardous waste facility. It is 
reasonable to include this provision in the operating record because of its use 
in the overall risk management plan of each facility. The facility owner or 
operator will, with this knowledge, be able to better assess areas that may 
require closer scrutiny during the postclosure care period or while operating 
the site. In this way, the facility owner or operator will be able to minimize 
the potential for impacts on human health and the environment from the facility. 

Item D requires the facility owner or operator to retain all summary reports 
and details of incidents requiring the implementation of the contingency action 
plan regarding ground water or surface water pollution as part of the operating 
record. The operating record is used in evaluating the performance of a 
facility and in determining measures to improve facility operations through 
modifications to the facility design and construction before a small situation 
becomes a large problem. By making the summary reports a part of the operating 
record, the facility owner and operator will be able to provide a complete 
informational report on the performance of the facility and how it has been 
maintained. The summary reports are generated in direct response to a specific 
situation; this provision only indicates where the report must be maintained. 

Item E establishes the need to.record all inspection results. The facility 
owner or operator must, under part 7035.2535, subpart 4, regularly inspect all 
facility systems to determine their condition. The facility ow.ner or operator 
following normal business practices maintains a'log of the inspections in order 
that any repair needed may be completed. This provision does not require 
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additional work by the facility owner or operator. 
Item F requires that all ·monitoring, testing, or analytical data generated 

must be maintained in the operating record. This information is gathered as a 
specific requirement of other proposed·rul~s. This item indicates where the· 
information is to be maintained and for the time.period it is to be retained. 
This information does not require extra work on the part of the facility owner 
or operator. 

7. Part 7035.2585 ANNUAL REPORT. 

The owner or operator of any solid waste management facility must submit an 
annual report to the Agency as required under this part. The annual report must 
be submitted no later than February 1 for the preceding calendar year. The 
Agency will provide the facility owners and operators with acceptable forms that 
may be used in lieu of them developing individual report forms. The annual 
report provides a summary of the year's activities at the facility. This 
information is used to review the performance of the facility as well as the· 
State's progress in managing,solid waste. The Agency's providing of forms to 
complete the annual report will provide a consistent data base for the Agency's, . 
review process and provide the facility owner an understanding of the Agency's 
needs in form and content. The Agency is responsible for solid waste management 
throughout the State and only by understanding the facility activities for each 

I 

year can the Agency draw effective and reasonable conclusions for changes in 
State policy. The specific items to be addressed in the annual report are 
discussed in greater detail below. 

Existing solid waste rules require quarterly operating reports from facility 
owners or operators. In preparing the proposed set of rules, the Agency 
reviewed its need to have quarterly reports compared with annual reports. The 
Agency believes under normal operating procedures an annual report provides 
sufficient information to evaluate a facility's performance. Other provisions 
of this rule provide for interim reports, if incidents· of the facility dictate a. 
need. The annual report does not decrease the Agency's ability to review 
facility perfo~mance. 

Item A requires that the annual report contain the facility permit number, 
name and address of the solid waste management facility. It is reasonable to 
require this basic. identifying information to allow accurate review of specific 
permit requirements for the facility against actual operating conditions. 

Item B requires noting on the annua 1 report the year covered by the _rep_or~. , j 
This information is needed for accurate filing and review of the annual repo~t f 

and is easily accomplished by_ the facility owner or operator. 
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Item C requires the annual report to discuss the type and quantity of each 
type of waste handled at the facility. This information provides information dn 
the amount of solid waste generated in Minnesota, how the waste was managed, and 
what type of facilities managed the waste. The Agency will use the information 
to compare permit conditions for facilities against actual activities. This 
information is maintained by the facility owner or operator as a matter of 
course. Requiring it does not present an additional burden on the facility 
owner or operator, while providing significant information regarding solid waste 
management in Minnesota. 

Item D requires the facility owner or operator to make a determination of 
remaining capacity for storage or disposal based on the amount of waste received 
at the facility and the original site capacity approved. This determination 
allows the facility owner or operator and the Agency to evaluate future capacity 
needs for solid waste management. For mixed municipal solid waste land disposal 

I 

facilities, this information becomes critical in determining remaining capacity 
as issued in the Certificate of Need for the county or facility. Minn. Stat.§§ 
115A.917 and 473.823 require all mixed municipal solid waste land dispo~al 
capacity to be determined based on comprehensive solid waste management plans. 
This capacity is based on a ten-year planning period. The information supplied 
in the annual report will be used to evaluate the rate at which the capacity is 
being used, how valid the solid waste management plan is, and what steps should 
be taken, if any to conform with the solid waste management plan. 

Item E requires the submittal of rate changes at the solid waste management 
facility for the year and anticipated charges for the upcoming year. Data on 
solid waste management cost_s are necessary and valuable for determining the best 
solid waste management system. An understanding of where waste is being managed 
and the costs associated with the management choices better explains how or why 
wastes reach their final disposal sites. The information on rates is also used 
in determining the amount of money to be set aside in financial assurance funds 
for facility owners and operators who have found the cost to be prohibitive and 
have shown the need for reduced payments under part 7035.2705, item D. In order 
for the Agency to understand the burden of calculated financial assurance 
payment rates, the Agency must also have a statewide perspective on the costs 
associated with facility operations similar in size, design and operation. The 
information on solid waste management_rates must be evaluated by facility owners 
and operators to_determine operating budgets. The reporting of these rates does 
not require extra calculations by the facili-ty owner or operator while providing 
necessary information on the solid waste management costs in Mjnnesota. 

Item F requires the submittal of most recent cost estimates for closure, 
contingency action, and, for disposal facilities, postclosure care. Other 
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proposed rules require the facility owner or operator to update cost estimates 
for closure, contingency action, and postclosure care at least annually and 
whenever changes at the facility cause a change ~n those areas. The Agency is 
responsible to ensure that sufficient funds are available at mixed municipal 
solid waste land disposal facilities, in particular, to complete the actions 
under closure, contingency action, and postclosure care. Without updated costs 
by the facility owner or operator, the Agency would be unable to ensure that the 
necessary funds are available. Recent cost estimates are used by the facility 
owner or operator to determine costs at the facility for the upcoming year. 
The reporting of the cost estimates does not require additional work of the 
facility owner or operator. 

Item G requires the facility owner or operator to review and discuss the 
adequacy of the facility closure, contingency action, and postclosure care 
plans. These plans are used to calculate funds needed to establish the 
financial assurance instruments required under parts 7035.2665 to 7035.2805. 
The plans are the guiding documents under which the facility owner completes 
particular actions to close the facility, take corrective actions to remedy 
problems at the facility, and monitor the facility after clo~ure. If the plans 
are not routinely updated to reflect changing costs, work completed, and 
facility design changes, the facility owner or operator will be ill-prepared at 
the time the plans must be implemented. The Agency is responsible to insure that 
the actions under these plans can be adequately completed to protect human 
health and the environment. By having the facility owner or operator complete 
the adequacy assessment, the proposed rules allow for facility-specific changes 
to be incorporated into the review. 

Item H requires a summary report on the ground water monitoring program. 
Other proposed rules establish a specific ground water monitoring program for 
land disposal facilities, in particular, and for other facilities, if needed. 
The ground water monitoring program is a critical factor in determining the 
adequacy of a facility's performance.- The annual review provides for an 
understanding of changes in ground water quality that may indicate a facility 
failure requiring corrective changes in facility design, construction, or 
operation. An annual review provides an early review and finding of problems 
before these problems become large, impacting areas beyond the facility 
boundaries. The summary report is a reporting of the yearly analytical results 
and an analysis of trends shown by these results. The annual review will 
provide the facility owner or operator the earliest warning about the facility's
performance resulting in cost savings to the facility owner or operator. 

Item I requires the submittal of facility-specific operation re~orts · 
completed under specific proposed rules for demolition debris land disposal 
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facilities, compost facilities,.r.ecycling facilities., and refuse-derived fuel 
processing facilities. These reports require the facility owner or operator to 
summarize the amount of waste. managed at .the. facility, the methods used to 
manage the wastes, and any analytical result~ for monitoring tests taken during 
the year at the faci 1 ity. For instance, the owner of a compost facility must 
submit the analytical results on the quality of compost generated at the 
facility and end-use distribution of the final product. This provision of the 
proposed rules does not-require additional work by the facility owner, but only 
a summarization of daily operating records. 

Dtem J require the facility owner or operator to sub~it with the annual 
report a record of all personnel training provided during-the previous year. 
Proper personnel .training is critical to good facility performance and 
protection of human health and the environment. The Agency is responsible to 
ensure that a program exists at each facility for training personnel not only 
about their specific job function but also emergency response actions. The 
submittal of training records provides the Agency with the opportunity to verify 
the training program at each facility and critique its effectiveness in 
facility performance. 

Item K requires the facility owner or operator to certify the accuracy of 
the information in the annual report. This certification ensures that the 
facility owner or operator is aware of how the facility is performing and the 
actions needed to improve facility performance, if appropriate. This knowledge 
allows the facility owner or operator and the Agency to work from a common 
understanding of facility performance to protect human health and the 
environment. This provision does not create any additional work by the facility 
owner or operator. 

8. Part 7035.2595 EMERGENCY PREPAREDNESS AND PREVENTION. 

This part sets out the program the facility owners or operators need to 
' establish to adequately respond to emergencies ~t the facility. 

Subpart 1. Design and operation of a solid waste management facility. This 
subpart requir~s all facility owners and operators to design, construct, 
maintain, and operate their facilities to minimize the possibility of a fire, 
explosion, or any release to air, land, or water of pollutants that would 
threaten human health and the environment. This provision reminds all facility 

' .•. !J • 

owners and operators of their responsibility to prevent impacts on human health 
and the environment. It is reasonable. to establish such a responsibility for 
al~. fa~~lity owners and operators because the management of solid waste_ has a 
potential for impacting human health and the environment whether the facility is 
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used to transfer, to process, !or to .dispose of. wastes. Because of the 
variability in facility management activities no rule could adequately specify 
provisions to minimize the possibility for a fire, explosion or impacts on human 
health or the environment. Therefore, it is reasonable to provide a general 
performance standard allowing for facility-specific designs to be developed to 
address this standard. 

Subpart 2. Required equipment. This subpart describes the minimum amount 
of equipment that must be maintained at all solid waste management facilities 
for use in an emergency situation. Item A requires assistance-summoning 
communication devices and item B requires the maintenance of fire extinguishers 
and fire control contracts. The provisions of this subpart include the 
equipment, design and operation requirements needed to minimize the possibility 
of serious hazards to human health and the environment due to fires, explosions • 
or unplanned releases of solid waste or other pollutants. 

Subpart 3. Testing and maintenance of equipme~t. This subpart requires the 
facility owner or operator to test emergency equipment at least annually and 
maintain all equipment in operating conditions. The incorporati-on of emergency 
equipment into a facility design and operation program is intended to minimize 
serious hazards to human health and the environment. If this equipment is not 
maintained in proper working condition, the facility personnel will. be unable to 
take the actions necessary during an emergency. 

Subpart 4. Arrangements with local authorities for emergencies. This 
subpart requires all solid waste management facility o~mers and operators to 
work with local pol ice and fire departments on the response to emergencies at 
the facility. Facility owners and operators should meet with the local 
authorities who should respond to an emergency at the facility. These 
responders need to know the facility layout and the properties of the waste they 
might encounter so that proper precautions can be taken against personal injury 
and proper equipment made available for responding to the emergency. 

Subpart 5. Procedural manual. This subpart requires all solid waste 
management facility owners and operators to prepare and maintain a procedural 
manual for facility personnel use during an emergency. The procedural manual 
must contain a number of items cri!ical to the timely and proper response to 
emergency situations. The development of the manual will minimize hazards to 
human health and the environment in most events of fires, explosions or releases 
of solid waste or other pollutants to air, land, or water· by increasing facility 
personnel's awareness of the types of emergencies that might occur. A 
procedural manual w111 also decrease response times to such occurrences because 
proper response procedures are clearly delineated. The items to be included in 
the manual are further discussed below. 
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Item A requires the manual to include a list of names and telephone numbers 
of local fire and police departments. Including this information in the manual 
provides a central, easy-to-locate reference for these numbers, thus minimizing 
response time in an emergency. 

Item B requires the facility owner or operator to list emergency equipment 
available at the site and briefly describe when and how the equipment will be 
used. Since the emergency procedural manual is submitted with the facility's 
permit application and maintenance and compliance with it becomes a condition of 
the permit when approved, it is reasonable that the manual address emergency 
equipment available at the facility to minimize hazards to human health and the 
environment. The Agency is responsible to review the manual to determine the 
adequacy of procedures to be followed by facility personnel in the event of an 
emergency. 

Item C requires the facility owner or operator to specify steps to be 
followed during an emergency. These procedures are to explain exactly how 
facility personnel will respond to an emergency until the situation is corrected 
or the contingency action plan is activated. These procedures should include a 
facility coord-inator, notification procedures to local authorities and the 
Agency, control meas~res to be initiated, and how cleanup after the emergency 
will be completed. On~ p~rson should be in charge during an emergency with the 
responsibility and authority to direct response actions to the emergency. This 
will assure proper and tim~ly actions will be taken in an emergency, thus 
mfnimizing the hazards as~ociated with the situation. The Agency must· be able 
to review the procedures anticipated for emergency situations to ensure that 
control measures are ~nacted quickly to control any potential pollutants from 
endangering human health and the environment. 

Item D requires the facility owner or operator to describe in the procedural 
manual the prior arrangements made with local police and fire departments. It 
is reasonable to have these arrangements included in_the procedural manual 
because it commits th~ facility owner or operator and the local authorities to 
specific actions during an emergency. This also provides the Agency assurance 
that local authorities are aware of the hazards associated with a particular 
facility and any special requirements needed to respond to emergencies at the 
facility. 

Subpart 6. Assessment of hazards. This subpart requires all solid waste 
management facility owners and operators to assess the possible hazards to human 
heal_th and the environment from a release, explosion, or fire. This s.ubpart 
also requires the facility owners and operators to notify the Agency withi~ 48 
hours after a release, explosion, or fire. These hazards must be understood for 
the facility owners and operators to develop emergency procedures capable of 
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minimizing impacts to human health and the environment. The facility owner or 
operator should notify the Agency in the event of a release, explosion or fire 
because Agency personnel could assist in responding to the emergency. The 
notification also allows the Agency to initiate proper technical and 
administrative procedures to address the situation. 

9. Part 7035.2605 EMERGENCY PROCEDURES. 

This part sets out the minimum procedures to be followed by soli~ waste 
management facility owners and operators in preparing for and dealing with 
emergencies. 

Subpart 1. Containment measures. This subpart requires facility owners and 
operators to take all reasonable measures to ensure fires, explosions, and 
releases do not occur, recur, or spread. Liquids that have come in contact with 
the waste during an emergency response action must be contained, recovered, and 
treated. These performance standards establish a common understanding of what 
the Agency expects the facility owner or operator to do to prevent liquids from 
migrating off-site during an emergency response action and impacting human 
health and the environment. It is important to deal appropriately with liquids 
because they have been in contact with materials capable of releasing pollutants 
or becoming pollutants, thereby endangering human health or the environment if 
mismanaged. Because unexpected and unplanned events can occur at a facility 
leading to an emergency situation, the general performance standard requires the 
facility owner or operator to take reasonable actions to prevent emergency 
situations rather than a provision dictating total prevention of the possible 
scenarios from happening. No one specific set of standards can be applied to 
the variety of facilities managing solid waste. The emergency procedures used 
at a facility are to protect human health and the environment generally as well 
as address the situation at hand. 

Subpart 2. Report. This subpart requires facility owners and operafors to 
submit a written report to the Agency within two weeks after an emergency. The 
report must .address the nature of the emergency and the procedures used to 
minimize potential hazards to human health and the environment. After the 
emergency is under control, the facility owner or operator must refer to the 
contingency action plan to determine the necessary follow-up actions. The 
facility owner or operator must also assess the emergency procedures used and 
make appropriate changes. The repor~ is needed to enable the Agency to evaluate 
whether the emergency procedures addressed the situation and whether a change is 
necessary. The report supplies information necessary to ensure procedures 
established at facilities ar~ adequate to protect human health and the 
environment. 

· .. , 
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10. Part 7035.2610 CONSTRUCTION CERTIFICATION. 

This part requires_ the Agency's approval of the construction for any design 
feature at a new or existing facility. The construction must be certified 
by an engineer registered in Minnesota and the facility owner or operator. The 
construction certification must describe any design features constructed 
different than approved in the permit. All as-built plans, test results, 
samples taken and modifications must be included in the certification. A site 
inspection by the Agency must be conducted before approval is granted. The 
facility owner or operator may not open or place into operation any design 
feature before the Agency's approval i~ granted. A constru~tion certification 
for all design features is the Agency's source of information for comparing the 
design approved in a permit against actual construction results. This 
comparison should result in a determination by the Agency that the facility has 
been constructed in a manner to protect human _health and the environment. 
Prohibiting the use of these features until the Agency approves the construction 
certification should prevent harm to human health or the environment by a design 
component constructed below standards. 

11. Part 7035.2615 CONTINGENCY ACTION PLAN. 

·This part sets out the standards by which a facility owner or operator must 
develop a contingency action plan. 

Subpart 1. General requirements. This subpart requires all solid waste 
management facility owners and op·erators to prepare and maintain a contingency 
action plan. The plan must identify occurrences that would endanger human 
health· and the environment and establish procedures to minimize these hazards. 
The Agency will review and approve this plan prior to the issuance of a facility 
permit. The plan enables the facility owner or operator to initiate corrective 
actions at the appropriate times rather than merely proposing a course of 
action. A timely response will minimize the potential hazards to human health 
and the environment. The plan provides the facility personnel with information 
on what to do and who to contact in the event of an emergency. The plan will 

I 

ensure facility personnel are aware of possible occurrences to prevent them or 
minimize their impact. 

Subpart 2. Implementation of plan. This subpart requires the facility 
owner or operator to implement the contingency action plan within the period 
specified in the plan to minimize adverse effects on human health and the 
environment. The intent of the contingency action plan is to provide a proper 
response to a potenti~l pollution or injurio~s situation. Because of ·th~ 
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variability in facility design, location, and operation, no one reaction time 
can be established by rule. Allowing the contingency action plan to reflect 
facility-specific conditions ensures that the facility owner or operator can 
meet the needs of the situation. 

Subpart 3. Content of contingency action plan. This subpart outline the 
specific areas that must be addressed in a contingency action plan. 
Establishing by rule the.contents of all contingency action plans provides 
consistency in level of effort by all facility owners and operators and ensures 
response actions' are available to repair problem situations. -By establishing 
the areas to be addressed in a contingency action plan, the rule provides 
guidance to the facility owner or operator on what the Agency expects in the 
plan, yet allows sufficient flexibility for the plan to reflect specific 
facility conditions. The variability in facility design makes the establishment 
of one contingency action plan in a rule unfeasible. The specific items to be· 
discussed in the contingency action plan are discussed in greater detail below. 

Item A requires facility owners and operators to identify the possible 
events that may need corrective action. These events may include violations of 
intervention limits or water quality standards, failure of desi~n features, 
settlement of completed fill areas, surface drainage problems, and excessive 
delivery of waste to the facility for management. Some concern was expressed by 
reviewers of.the proposed rules that no list of specific events to be addressed 
in the contingency action plan is included in the proposed rules •. They felt 
that contingency action plans would be more consistently developed if all 
facility owners and operators were required to address the same events. 

' ' 

Additionally, they felt the gene~al statement afforded the Agency an opportunity 
to be arbitrary and capricious in its review of the plans as no specific 
guidelines are presented in the rules for either Agency st~ff or facility owners 
and operators. 

The Agency believes that a rule could not contain the n.umerous possibilities 
of events requiring implementation of a contingency action plan .. Within each 
class of solid waste management faiility types, there are many design options . 
Each possible design option comes with a different set of potential events 
requiring corrective actions. For instance, a land disposal facility lined with 
a synthetic membrane will have different concerns than a facility lined with 
clay soils. A single rule cannot address all possibiliti.es. The rule contains 
general guidelines for the types of events that should be addressed in the 
contingency action pla~ •. However, additional events will need to be addressed 
in particular facility plans. Because the contingency action pJan becomes a 
conditiQt1 of a facility permit, it is critical that the plan reflect actual 
facility conditions and not merely address a list of possible events presented 
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in a rule. The process of closely evaluating facility conditions in developing 
a contingency action plan will give the facility owner or operator a better 
understanding of the facility design and operation. This knowledge will allow 
the facility owner or operator to better prepare and prevent the types of events 
that would cause the need to implement corrective actions. 

Unless two facilities are designed, constructed, and maintained in exactly 
the same manner, the review of the contingency action plan cannot be exactly the 
same. The contingency action plan is intended to address events that would 
adversely impact human health and the environment if no corrective actions are 
taken. The plan is not intended to address issues such as typewriter breakdowns 
and lack of office supplies. Surface water drainage at any facility is an issue 
because surface water coming in contact with solid waste may leach pollutants 
from the waste, carry them over land to a receiving stream, and cause both soil 
pollution and surface water pollution; whereas, the quality of end product from 
compost facilities can only be reflected in contingency action plans for these 
facilities. Common sense must dictate the events to be addressed in a 
facility-specific contingency action plan. 

Item B requires the facility owner or operator to describe the actions, 
sequence and timetable for initiating and completing these actions, and the 
costs associated with each corrective action. In order to minimize the hazards 
associated with any event requiring corrective actions, the facility owner must 
assess what corrective actions are involved in each event. Without some 
planning on the facility owner's or operator's part, long dela~i may be 
experienced before corrective actions are taken by facility personnel or greater 
harm may result from improper actions. If the operator at a refuse-derived fuel 
processing facility does not understand the need to shut down feed mechanisms in 
the case of a fire, the fire may be intensified by the additional waste added to 
the already burning waste., The time involved in starting and completing 
corrective actions is critical to the proper scheduling of solid waste 
management while corrective actions are in progress. The need to shut down 
operations during corrective actions forces the facility owner or operator to 
address the availability of facility storage capacity, disposal options or 
processing techniques. The need for approval of land disposal capacity presents 
a particular problem. For instance, a compost facility receiving more waste 
than it can process may be forced to reject incoming waste. This rejected waste 
must then be processed at another facility or be delivered to a mixed municipal· 
solid waste land disposal facility. It is reasonable that the facility owner or 
operator address the corrective actions intended to resolve a particular 
situation and the schedule for completing these actions because the Agency needs 
to review the intended actions to ensure these resp_onses will adequately protect 
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human health and the environment. 
The facility owner or operator will use the costs associated with planned 

corrective actions to develop budget projections and set tipping fees needed to 
cover these costs. Requiring that the contingency action plan contain cost 
estimates for the projected corrective actions ensures sufficient funds will be 
available should corrective actions be necessary. 

Item C requires the facility owner or operator to discuss the equipment 
needed to undertake corrective actions and its on-site and off-site 
availability. That information ensures proper equipment is available to respond 
to the events and that facility personnel are aware of what equipment is to be 
used during specific corrective actions. 

Item D requires that any prior arrangements with contractors be discussed in 
the contingency action plan. A discussion on arrangements the facility owner or 
operator has with particular contractors provides the Agency with information to 
be assured timely actions can be taken to correct problems at the site. Timely 
response to events requiring corrective actions is critical to minimizing 
harmful impacts on human health and the environment. 

Item E requires the facility owner or operator to discuss what actions will 
be followed during planned and unplanned down times for maintenance at the 
facility. Waste will continue to be generated during those periods. The 
facility owner or operator must plan for how the waste will be managed during 
these periods. If waste is to be diverted to a mixed municipal solid waste land 
disposal facility, the projected volumes must be calculated into the design and 
operation plans for the land disposal .facility. If industrial solid waste is 
not accepted at the facility, the waste generator and facility owner or operator 
should work together to find a suitable alternative facility. It may be 
possible to store the waste in designated areas at the waste management facility 
until processing can be renewed. The occurrence of an event is not an 
acceptable reason to manage solid waste in a manner that will not protect human 
health and the environment. The Agency will use this information to ensure the 
facility owner or operator has made suitable plans for solid waste management 
during down times at the facility. 

Item F requires the contingency action plan to include cost estimates for 
each type of corrective action addressed in the plan. The most costly 
corrective action that may be required at a facility must be included in the 
plan. Such incidents may include supplying a new drinking water.source for 
private homes, reconstruction of po~tions of a refuse-derived fuel processing 
facility due to a fire ·or explosion, or reinstallation of a liner beneath an 
area used for composting solid waste. Cost estimates in the contingency action 
plan are used to determine financial assurance funds needed to ensure sufficient 
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money is available should the need for corrective actions occur. 
Subpart 4. Amendment of contingency action plan. This subpart requires the 

facility owner or operator to review and amend the contingency action plan 
whenever: the facility permit is reissued (item A); the plan did not provide 
for an adequate response to a facility failure or release (item B); or the 
design, construction, maintenance, or operation of the facility changes so as to 
require modifications to the response proposed for a failure or release (item 
C). The contingency action plan is intended to provide timely and adequate 
responses to facility failures, releases, or other unplan~ed events that may 
lead to impacts on human health and the environment. In order to meet these 
goals, the plan must be updated to meet the needs of the facility. 

Subpart 5. Copies of the contingency action plan. This subpart requires 
that a copy of the contingency action plan and any revisions to the plan be 
submitted with the facility permit application. Compliance with the plan 
becomes a c.ondi tion of the facility permit and the plan must be maintained at 
the solid waste management facility. The contingency action plan is to be 
followed by the facility personnel in the event of failures and releases. It 
must be maintained at _the facility. 

12. Part 7035.2625 CLOSURE. 

This part sets out the minimum requirements for the development of a closure 
plan by facility owners and operators and the times when a facility must be 
closed. 

Subpart 1. Closure. This subpart addresses the circumstances under which 
facility owners and operators must cease to accept waste and close the facility. 
The circumstances the Agency believes, if allowed to continue, will have serious 
impacts on human health and the environment are the circumstances that will 
cause the Agency to revoke the facility permit and require closure. 

This subpart requires the facility owner or operator to cease accepting· 
waste and close the facility if any of-the specific conditions defined in items 
A to I exists. Closure must be completed in accordance with closure provisions 
contained in the facility permit~ this part, part 7035.2635 and parts 7035.2815 
to 7035.2875. The procedures are necessary to ensure tnat solid waste 
management facilities are closed in a way that will protect-human health and the 
environment. The general ,closure procedures of this part and part 7035.2635 
apply to all solid waste management facilities because there are activities that 
need to be completed at the time bf closure at all facilities, and owners and 

I 

operatOrs should be made aware of them in rules to ensure consistency between 
facilities. Specific closure standards established in parts 7035.2815 t~ 

-' 
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7035.2875 and in facility permits address speci~ic ~onditions found at . 
pa,rticular types of facilities. 

Item A acknowledges that the facility owner or operator may elect to close a 
facility at any.time. The Agency can not require an owner or operator to · 
continue a business after a decision is made to discontinue operations. 

Item B requires closure at land disposal facilities when all fill areas have 
reached permitted final grade. At this point the site has no room to accept 
additional solid waste without increasing the potential for harm to human health 
and the environment. No additional waste should be brought to the site and 
proper closure activities should .be initiated. 

Item C requires closure when a facility permit expires.and the facility 
owner or operator does not apply for renewal of the permit or the Agency does 
not reissue the permit. Closure activities must be initiated when a facilfty is 
no longer permitted because the permit is the controlling document for facility 
operation. If the permit is no longer in effect operations should cease and 
steps be taken to mitigate any potential· problems taken. 

Items D and E refer to enforcement actions taken by the Agency. The 
facility must be closed when the Agency modifies or revokes a facility. permit 
or issues an order to cease operations. These actions are taken qy the Agency 
in circumstances where continued operation of the facility would pose a threat 
to human health and the environment. These provisions inform facility owners 
and operators that, if such action is taken by the Agency, the facility is to be 
closed in ac~ordance with the procedures and standards specified in the rules 
and the facility permit. 

Item F requires the closure of all unpermitted land disposal sites. In 
1970, the Agency first published a set of sol~d waste rules requiring all final 
disposal sites to be permitted. Part 7035.2300 required all nonconforming sites 
to be brought into compliance with the rules by July 1, 1972. During the period 
between 19 70 anci the propos a 1 of these rules, the Agency has been work.i ng with · 
local governments to bring the disposal sites into compliance, either through 
the permitting process or closure. The Agency believes the seventeen years 
since the original solid waste rules were enacted have been sufficient for site 
owners to have instituted proper activities to obtain a permit or close the 
faci 1 i ty. This subpart once again. alerts owners aT;~d operators of unpermitted 
land disposal facilities to their responsibility to obtain a permit for 
operation of a facility. 

Item G requires the.closure of a facility if certified capacity for the 
disposal of mixed municipal solid waste is no longer ~vailable. Minn. Stat. 
§§ 115A.917 and 473.823 require a Certificate of Need before mixed municipal 
solid waste land disposal facility permits can be issued. If a Certificate of 
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Need has been fully utilized, the Agency is not allowed by statute to permit the 
facility to continue accepting mixed municipal solid waste •. When the certified 
capacity has been exhausted, the waste management activity is no longer 
permitted at the facility and steps must be taken to mitigate any adverse 
impacts on human health and the environment. 

Item H requires closure of the facility if the owner or operator cannot 
maintain the required financial assurance for closure, postclosure care and 
contingency action. The closure provision is consistent with the r~quirements 
of parts 7035.2665 to 7035.2805 and alerts the facility owner or op~rator to the 
duty to close upon noncompliance. If closure were not required wherl financial 
assurance funds are not maintained, the financial assurance mechani~m would mean 

I 
little and funds would not be available to ensure proper closure. This could 
lead to impacts on human health and the environment. Additionally, !financial 
responsibility is required by Minn. Stat. § 116.07, subd. 4h as a condition of 
retaining a permit. I 

Item I requires ,the closure of unpermitted facilities, which are not land 
, I 

disposal facilities, required to have permits but have not applied ~or permits 
within 180 days of the effective dates of parts 7035.2525 to 7035.2875. The 
determination to permit these facilities i~ based on the potential ~isk 
associated with the chosen management process. The potential risk ~or impacts 
on human health and the environment will increase if such facilities are allowed 
to operate without a proper controlling document. I 

Subpart 2. Closure performance standard. This subpart establishes a 
general performance standard for the closure of all solid waste man~gement 
facilities. This standard requires the facility owner or operator ~o take all 
steps necessary to eliminate, minimize, or control the escape of polilutants to 
ground or surface waters, soils, or the atmosphere during the postclosure care 
period. This is basically the same standard as for operating facil-ities. There 
is no reason .the standard for a closed facility should be lower. All solid 
waste management facilities should be closed in accordance with this performance 
standard because some risk to human health and the environment exists at all 
facilities. This provision alerts the facility owners and operators to the 
Agency's expectations for facility closure. 

Subpart 3. Submittal and contents of closure plan. The objecti
1

ve of this 
part is to ensure that all solid waste management facilities are closed in a 
manner that will protect human health and the environment. The Agenby believes 
that planning in advance of closure is needed for this objective to be met. 
Therefore, facility owners and operators are required to prepare and submit a 
closure plan for review and approval. Compliance with the approved plan then 
becomes a condition of a permit, order, closure document, stipulation agreement 
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or other enforcement document of the Agency. Unpermitted land disposal site 
owners must submit a closure plan within 90 days of the effective date of parts 
7035.2525 to 7035.2875. 

Preplanning by facility owners or operators is critical to estimating the 
amount and type of solid waste that must be handled at closure. Without 
adequate planning, long periods of time may pass before waste is removed; 
sufficient cover is placed, or equipment dismantled. The plan is used to 
estimate co~!s for use in developing proper financial assurance funds. The plan 
serves as an impetus to adequate-planning and funding and provides the Agency 
with an opportunity to prevent harm to human health and the environment that 
might result from inadequate closure. 

A copy of the approved closure plan and all revisions must be maintained at 
the facility. At the time of closure, the Agency will issue a closure document 
governing closure and postclosure care activities at the facility. Since the 
facility owner or operator must follow the ciosure plan in order to adequately 
perform closure activities, a copy of the approved plan must be kept at the 
facility for easy reference. 

The closure plan must identify steps needed to close each fill·phase, if 
appropriate, and the entire site at the end of the facility's operating life. 
In order to evaluate if the facility will be properly closed using the closure 
plan, the Agency needs to know how and when the facility will be .closed (item A) 
and th~ maximum inventory of wastes _to be stored at the facility at any time 
during the life of the facility (item 8). The Agency also needs to know the 

(cost estimates for closure of the facility and the schedule for the closure 
procedures of part 7035.2635 and parts 7035.2815 to 7035.2875 (item C). This 
information will help ensure that adequate funds are available for closure and 
that closure will be properly completed. Requiring this information will enable 
the Agency to review and approve the closure plan to ensure closure activities 
will take place in a timely manner and the facility will be closed in a manner 
to protect human health and the environment. 

Subpart 4. Amendment of plan. This subpart informs the facility owner or 
operator to the changes in circumstances that the Agency believes require an 
amendment to the plan. It also authorizes the facility owner or operator to 
amend the plan at any time. The facility owner or operator may choose to amend 
the plan if it seems necessary based on information available to the owner or 
operator. The closure plan must be amended if changes in the operating plan or 
facility design affect the closure procedures or if the expected year of closure 
changes. The circumstances affecting the facility may change during the 
facility's operating life, and a provision. is needed to change the plan to allow 
for the changes in the facility design or operation. ·The amended plan must be 

.. . . 
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submitted for review and approval. Since .the Agency is responsible for 
reviewing and approving_ the initial closure plan, amendments to the plan must 
also be reviewed and approved to ensure that the amendments provide for proper 
and timely closure of the facility. 

Subpart 5. Notification of final facility closure. This subpart requires 
the facility owner or operator to notify the Commissioner at least 90 days 
before final closure activities are to begin. If the facility.permit has been 
terminated and a closure document issued, this provision does not appJy. The 
notification is needed to allow the Agency to review the alternative solid waste 
management scheme intended to be followed after closure to ensure it will 
adequately handle the waste, to ensure sufficient funds are available to achieve 
proper closure, and to schedule the necessary construction inspections during 
closure activities. The Agency is responsible to ensure closure activities are 
completed in a manner that protects human health and the environ~ent. Requiring 
the facility owner or operator to notify the Agency of planned closure 
activities does not require additional work on the part of the facility owner or 
operator, who must schedule the closure work in advance to take into account 
weather and contracts needs. 

13. Part 7035.2635 CLOSURE PROCEDURES. 

This part sets out the pro~edures n~cessary to close a solid waste 
management facility in a manner that protects human health and the environment. 

Subpart 1. Completion of closure activities. This subpart requires the 
facility owner or operator to begin final closure activities within 30 days of 
receiving the last shipment of waste. Closure activjties must be completed in 
accordance with the approved closure plan, closure document, or stipulation 
agreement. The Commissioner may allow a longer schedule than established in 
these documents if factors beyond the facility owner's or operator's control 
impact the activity. However, the longer a facility remains uncovered or 
unattended, the greater the possibility of damage to the facility resulting in 
harm to human health and the environment. The financial assurance requirements 
also make it reasonable to have time constraints for closure activities so that 
the Commissioner may gain access to the funds if the facility owner or operator 
fails to comply. The time constraints should be established on a 
facility-specific basis rather than in rule to allow for differences in facility 
operations exist. 

Subpart 2. Closure procedures. This subpart sets forth the minimum 
procedures required to close a facility so that human health and the environment 
are protected. 
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Item A requires the facility owner or operator to complete the activities 
outlined in the approved closure plan, closure document, stipulation agreement, 
and parts 7035.2815 to 7035.2875. They have been established, reviewed, and 
approved based on their appropriateness to protect human health and the 
environment. These documents are already required in other parts of the 
proposed rule; this item does not require extra work of the facility owner or 
operator. This item merely reminds the facility owner and operator of the 
documents and proposed rules that govern closure activities. 

Item B establishes specific procedures to be followed at the time of final 
closure of any solid waste management facility. These procedures are applicable 
to all facilities; therefore, including them in the rule will alert facility 
owners and operators to the standards the Agency will require at final closure. 

Subitem (1) requires that a notice be posted at the facility entrance at
least 60 days before final closure indicating the date of closure and 
alternative solid waste management facilities. Such a notice will inform the 
public that the facility.will be closed and not be accepting solid waste, and· 
where the waste may be delivered. Such information will allow persons using the 
facility to properly deliver the waste to another facility for adequate 
management or make arrangements to have it done. 

Subi-tem (2) requires the facility owner or operator publish in a local 
newspaper a notice of the planned closure at least 30 days before closure and 
provide a copy of the notice to the Commissioner within ten days after the date 
of publication. This publication ensures the public is alerted to the facility 
owner's or operator's intention to close the facility so that they might make 
alternati~e arrangements for the management of the waste. The Agency is 

- . 
responsible for ensuring that closure activities are properly completed and that 
solid waste is properly managed at a new facility when the existing facility is 
closed. The Agency should receive a copy of the notice published in the local 
paper to ensure proper alternatives are made known to the public. 

Subitem (3) requires that local land authorities be notified of all closure 
activities at the facility and provided with a survey plat indicating the 
location and dimension of disposal areas and the type of waste accepted at the 
facility for disposal. This subitem also requires that a notation be placed on 
the property deed informing any future owner of the property of any restrictions 
placed on the us~ of the site. The local autho~ities with jurisdiction over 
land use must understand what waste was accepted at the facility, how it was 
managed, and where any waste remains at the site in order to ensure that all 
future activities on thi'property are compa~ible with site conditions. 
Additionally, should corrective actions be needed in the future, the survey plat 
will provide information on where waste is located. It is necessary to notify 
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new owners what has occurred at the site, what type of waste remains, and what 
land use limitations are in effect so that a new landowner doe~ not unwittingly 
u~e the property in a way that could endanger human health and the environment. 
The most appropriate method to guarantee this notification is the deed since it 
is routinely reviewed during any change in ownership. 

Subpart 3. Certification of closure. This subpart requires the facility 
owner to submit certification to the Commissioner that final closure and fill 
phase closure for land disposal facilities has been completed. The 
certification must contain as-built plans, test results, a signed Site Closure 
Record, and other documentation, as needed, to indicate that construction was 
properly completed. This information ensures that proper closure is completed 
at all facilities. Upon receiving the documentation, Agency staff will inspect 
the facility and review the certification for proper closure so that closure may 
be verified and to ensure all duties of the facility owner or operator required 
by these rules and the facility permit or other governing document are followed. 
Also, due to the· financial assurance requirement, a closure certification will 
enable the Commissioner to release the facility owner or operator from the 
financial assurance requirements for closure. 

14. Part 7035.2645 POSTCLOSURE. 

This part requires the submittal of a postclosure plan detailing the 
activities to be conducted at a solid waste management facility after closure to 
ensure the protection of human health and the environment. During the normal 
course of events, only land disposal facilities will have any extended activity 
octurring at the site after closure. Postclosure activities at transfer 
facilities, compost facilities and other processing facilities would only be 
required if solid waste is to remain at the facility after closure. However, 
closure of a facility does not immediately eliminate the possibility of 
pollution as it is virtually impossible to immediately render all solid waste 
innocuous and disposal facilities may deteriorate over time. Therefore, some 
minimum standards for postclosure care must be established and the facility 
owner or operator required to address these standards in a plan. 

,Subpart 1. Submittal of postclosure plan. This subpart requires the 
landowner and the facility owner to submit a postclosure care plan for review 
and approval. Compliance with the approved plan will become a condition of the 
facility permit, closure document, or other governing document. Because the 
Agency is responsible to ensure that proper actions are taken after closure of 
facility to prevent harm to human health and the environment, the Agency should 
have the opportunity to review the facility owner's and landowner's plans for 
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the maintenance and monitoring of the facility after closure. The.plan should 
be submitted with the permit application or in accordance with another governing 
document since compliance with the plan is a condition of the permit and the 
plan must be found acceptable before a permit may be issued by the Agency. The 
facility owner and landowner, if different, should be involved in the 
development of the postclosure care plan because, even though the facility owner 
may have the direct responsibility for carrying out the plan, the landowner must 
be aware of these activities so that no interference with postclosure care 
develops from the landowner's use of the site. , 

Subpart 2. Postclosure plan. This subpart establishes the requirements for 
the development of a·postclosure care plan. A copy of the plan must be kept at 
the facility until the postclosure care period begins and with a contact person 
thereafter. The plan should be kept at the facility during operation of the 
facility in order that all documents governing the activities of the facility 
are available for facility personnel to review and act accordingly. For 
disposal facilities, postclosure activities may begin over portions ·of the 
facility before the entire facility enters the postclosure care per.iod. These 
instances would occur when new fill areas to be lined and operated substantially 
different from existing unlined fill areas are separated allowing for 
postclosure care activities to begin at the existing fill areas. Including 
requirements for the completion of postclosure care plans by facility owners in 
the rule alerts the owners to the Agency's standards and provides consistency in 
the development of these plans. 

Item A requires the postclosure care plan to incluqe a discussion of the 
type and schedule and associated costs of monitoring for ground water and 
surface water pollution. The monitoring of ground water and surface water at a 
facility is necessary to detect and minimize potential harm to human health and 
the environment. The monitoring program serves as a warning system for 
deterioration allowing pollutants to move into water sources that may serve as 
drinking water sources. Requiring monitoring after closure allows for timely 
actions to minimize the movement of pollutants into the environment. Including 
cost estimates for the monitoring program ensures that postclosure care 
activities can be carried out after closure. The submittal of the monitoring 
plan and associated cost estimates allows the Agency to review these items to 
ensure they are sufficient to protect human health and the environment. 

Item B requires a description, schedule and estimated costs of inspection 
and maintenance activities to ensure final cover integrity and the functions of 
the other facility systems'during postclosure. Requiring the postclosure care 
plan to include these items allows for Agency review of the adequacy. of the 
planned activities for maintaining facility integrity and minimizing impacts to 
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human health and the environment. Requiring the cost estimates with these items 
~~~D~~~ that sufficient funds will be ~vaiiabl~ to complete the planned. 
activities. 

Item C requires that the name, address, and telephone number of a contact 
person or office for the facility during the j:>ostclosure care period be included 
in the plan. This person or office must keep a copy of an updated postclosure 
plan·during the postclosure care period. Requiring this information in the plan 
ensure~ that a responsible party is· overseeing postclosure care activities and 
enables the Agency to contact someone about the need for information or action 
during the postclosure care period. The design~tion of a responsible party 
ensures a timely response to problems at the facility during the postclosure 
care period. 

Subpart 3. Amendment to ~lan. This subpart allows for the amendment of the 
postclosure care plan by the landowner and the faci·lity owner at any time. This 
subpart also requires that the plan be amended wheneve'r activities at the 
facility nec~ssitate changes in postclosure care activities and whenever the 
expected year of closure changes. The amended plan must be approved by the 
Commissioner. ·Allowing the landowner and the facility owner to amend .the plan 
at any .time allows them to be responsive to planned changes in facility 
operation or site use. It is also reasonable to require amendments to the plan 
when ~hanges at the facility affect the postclosure care plan and when the 
expected year of closure changes in order to ensure that sufficient funds are 
available. to complete postclosure care activities, alter schedules accordingly, 
and ensure that proper postclosure care activities will be completed to mai·ntain 
the integrity of the facility and prevent harm to human health and the 
environment. 

15. Part 7035.2655 POSTCLOSURE CARE AND USE OF PROPERTY. 

This part establishes the requirements the Agency believes are necessary for 
the maintenance and monitoring of a facility after closure. These activities 
are intended to ensure that basic activities are completed during the 
postclosure care period to maintain the facility .and prevent harm to human 
health and the environment. 

Subpart 1. Postclosure care requirements. This subpart establishes the 
time period for postclosure care and the factors governing modification of the 
closure document during this period •. If no time· limit were placed on the 
postclosure care period, the facility owner or landowner may not understand 
whether monitoring is required into perpetuity or not at all. In specifying a 
minimum period of 20 years (item A), the Agency is being consistent with the 
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time period established in Minn. Stat. § 116.07, subd. 4h, requ1r1ng a minimum 
period of 20 years. The Agency. also believes that any breach in the containment 
system should be detectable during this period. An allowance has been made for 
lengthening or shortening the postclosure care period based on technical 
documentation that conditions warrant change (item B). This allov1ance rewards 
or penalizes the facility owner or operator for activities taken during the life 
of the facility that decrease or increase the need for action after closure. 
This system allows the facility owner or' operator to incorporate risk management 
into the scope of the facility operation and maintenance. Item C requires that 
all postclosure activities be conducted in accordance with the postclosure care 
plan. That plan is the document'reviewed, approved and enforced by the Agency 
to ensure proper actions are being used to maintain the integrity of the 
facility and minimize potential impacts on human health and the environment. 
Additionally, the amount of financial assurance developed for the facility is 
based on cost estimates supplied in the postclosure care plan. If activities 
are not completed as indicated in the plan, sufficient funds may not be 
available to complete these activities properly. 

Subpart 2. Postclosure·use of property. This subpart establishes 
limitations on the landowner's rights to use the facility property. Limiting 
the postclosure use of property will protect the integrity of the site 
containment system and prevent the release of pollutants into the environment. 
This requirement does not prevent all uses o~the property. Rather it limits 
the use to that which will not disturb the integrity of final covers, liners or 
any other component of the containment system. The entire facility design •. 
construction and operation were intended to minimize the potential for impacts 
on human health and the environment. To allow uncontrolled use of the .property 
would conflict with the intent of.these rules to develop a risk management 
approach to contain pollutants and min·imiz.e their potential for impacts on human 
health and the environment from releases caused by disturbance of the site. 

This subpart allows for the Commissioner to permit the disturbance of the 
facility's containment system if it can be documented that the disturbance will 
not cause a violation of performance standards (item ,A) or that the dis'turbance 
is needed to remedy a violation of standards (item B). Under these 
circumstances the impact on human health and the environment will be nonexistent 
or lessened, depending on the situation. These provisions allow for flexibility 
in addressing site-specific conditions while maintaining the ability of the site 
to comply with standards established for the protection of human health and the 
environment. 
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I. Reasonableness of Parts 7035.2665 to 7035.2805 FINANCIAL REQUIREMENTS. 

The Agency's legislative directive to adopt the financial assurance rules 
reads, in full: 

The agency shall adopt rules requlr)ng the operator or owner of a solid 
·waste disposal facility to submit to the agency proof of the operator's 

or owner's financial capability to provide reasonable and necessary 
response during the operating life of the facility and for 20 years 
after closure, and to provide for the closure of the facility and 
postclosure care required under agency rules.· Proof of financial 
responsibility is required of the operator or owner of a facility 
receiving an original permit or a permit for expansion after adoption 
of the rules. Within 180 days of the effective date of the rules or by 
July 1, 1987, whichever is later, proof of financial responsibility is 
required of an operator or owner of a facility with a remaining 
capacity of more than five years or 500,000 cubic yards that is in 
operation at the time the rules are adopted. Compliance with the rules 
is a condition of obtaining or retaining a permit to operate the 
facility. 

Minn. Stat. § 116.07, subd. 4h (1986). 

The Agency believes that there are limited means a facility owner or operator 
can use to meet the intent of the cited statute. Current financial assurance 
rules for hazardous waste facilities provide a useful model. Minn. Rules pts. 
7045.0498 to 7045.0529 (1987). The proposed financial responsibility rules 
derive their basic format from the hazardous waste facility rules on financial 
responsibility. Some requirements, procedures and models for financial 
instruments are taken directly from the hazard~us waste facility rules. 
However, the proposed rules are not complete copies of the hazardous waste 
rules. 

''Capability'' is the critical word in the legislative directive to write 
financial responsiblity rules for solid waste facilities. A dictionary 
reference .Provides two operational definition's of the word "capable." This word 
can mean: "potential ability"; or "the capacity to be used, treated or 
developed for a specific purpose" (Reference 14). Construing capability in this 
sense gives the Agency no useful guide for writing rules. The definition is too 
loose to serve any reasonable purpose or legislative intent. 

All owners and operators of operating mixed municipal solid waste land 
disposal facilities have the ''potential ability'' to pay the costs of long-term 
care. If the ''potential'' were sufficient; there would be fewer financial 
problems at.these facilities. Private sector facility owners and operators · 
could meet the letter of the legislative directive's goals by simply showing 
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that they charge for their services and claim that they will raise, or have 
raised, rates enough to meet long-term care costs. Likewise, public sector 
facility owners and operators could claim they will raise taxes to meet 
long-term care costs. Both demonstrations wou1d show capability, or potential 
ability. But, in neither case would there be any security that rates or taxes 
would indeed be raised and ·maintained or, if raised, that the specified funds 
would actually be spent on long-term care at a land disposal facility. 
Potential is a necessary, but not a sufficient, condition to meet the 
legislative intent. 

The situation of the facility owner or operator and the Agency is much like 
that of a borrower and a lender. Once the borrower receives the loan, there is 
an obligation to repay according 'to specified terms. Lenders ordinarily will 
not lend money u~less borrowers agree to the lender's terms. Lenders 
customarily require assurance that they will be repaid. Collateral often 
provides this assurance. Sometimes third parties, cosignatories, can also serve 
this purpose. If the borrower defaults, the lender can recoup the loss by 
taking control of the collateral. 

The point is that when there is a future obligation to pay, as in the mixed 
municipal solid waste land disposal facility owner's or operator's obligation to 
pay for long-term care, c~stom and standard business practice req~ire the person 
undertaking the obligation to provide more than "potential ability":: to me_et the 
obligation. The obligated one is normally required to give the person who holds 
the obligation some independent security that the obligation will be met. 
"Independent," in this sense, means that the security remains even if the person 
who contracts the obligation proves unable or unwilling to pay. ~6~iety and the 

' ' law accept such requirements as reasonable, as long as the~ remain within 
specified legal 1 imits. 

The proposed financial assurance rules adopt a "reasonable iJ.nd necessary" 
approach. That is, permittees obliged to perform closure, postclosure care and . . 
contingency action are required to show more than just a "potential ability" to 
meet these obligations. The proposed rules require facility owners and 
operators to contract with financial intermediaries (trustees, sureties, etc.) 
or to provide collateral. The intermediaries share the permittees' obligations. 
If the facility owners and operators do not perform as required, the 
intermediaries will then pay the costs of performance. This requirement is 
reasonable in the same way that collateral requirements by lenders are 
reasonable. Most people would consider a borrower's requesf for an unsecured 
loan as unreasonable. Similarly, it is unreasonable to allow a facility owner 
or operator to undertake an unsecured obligation to perform long-term care. 

A 11 owing self-insurance arrangements without independent security wou 1 d put 

·, 



I i 
'1 

February 23, 1988 

-182-

the Agency in a position that is rejected by private sector financial 
intermediaries. Sureties and banks issuing letters of credit customarily 
include collateral requirements ~in the arrangements. They require the added 
security that collateral affords. (Trustees do not need this security,~because 
their liabilities do not extend beyond their fiduciary responsibility for trust 
fund assets.) There is no reason for the Agency to take on risks that are 
avoided by intermedi~ries who have substantial experience with risk assessment. 

The proposed rules allow complying permittees to use one of four types of 
financial medium- trust funds, letters of·credit, surety bonds, and 
self-insurance ~oupled with bonds provided as collateral. 

1. Part 7035.2665 SCOPE. 

The rules apply to all owners and operators of mixed municipal solid waste 
land .disposal facilities. Among those who reviewed earlier drafts of the 
proposed rules there was some discussion whether'the rules legally can be 
applied to all such facilities. 

These reviewers relied on a partial reading of the Agency's legislative 
directive to adopt the. rules. The relevant part of _this directive states: 

Within 180 days of the effective date of the rules or by July 1, 
1987, whichever is later, proof of financial responsibility is 
required of an operator or owner of a facility with a remaining 
capacity of more than five. years or 500,000 cubic yards that is 
in operation at the time the rules are adopted. · 

Minn. Stat. § 116.07, subd. 4h (1986). 

The reviewers claim that this sentence exempts the defined class of 
faci.lities from compliance with the rules. 
the entire directive, not just one sentence. 

However, the Agency must consider 
This directive begins with: 

The agency shall adopt rules requiring the operator or owner of 
a solid waste disposal facility to submit to the agency proof 
of the operator's or owner's financial capability to provide 
reasonable and necessary response during the operating life of 
the facility and for 20 years after closure, and to provide for 
the closure of the facility and postclosure care required under 
agency rules. ~ 

Minn. Stat. § 116.07, subd. 4h (1986). 

This part of the directive exempts no facility owner or operator from 
compliance. The latter portion of the directive separates disposal facility 
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sites into two classes: those facilities with more than five years or more than 
500,000 cubic yards of capacity and all other facilities. The directive then 
sets a compliance schedule for the first class of f~cilities. In other words, 
the part of the directive that some reviewers believe exempts a class of 
facilities simply says when, not whether, one class of facilities must comply 
with the rules. The other class of facilities is not exempted from compliance. 
Rather, the compliance schedule tor that class is left indeterminate. It is 
reasonable to assume that if the Legislature chose to exempt a defined class 
from rule compliance, that exemption would have been made explicit within the 
legislative directive. The directive would then state, for example, ~hat ''all 
owners or operators with sites falling outside the defined class are exempt from 
complying with the rule." The Agency finds no such language in the legislative 
directive. The proposed rules therefore set separate compliance schedules for 
the two classes of facilities, with appropriate consideration given to equity, 
concerns. Later discussion of parts 7035.2705 through 7035.2745 will consider 
the complial)ce schedule set for both classes of facilities. 

Language conside'rations aside, equity and the conditions of Minnesota's 
solid waste management system support compliance by all operators. The 
exemption some facility owners and operators want could well lead to serious 
service disruptions and unfair results. 

Consider a v~ry likely case jn which neighboring facilities compete for some 
portion of the same waste stream. This is a common condition throughout the 
State. Assume an original coriditi6n in which: 

Volume of remaining capacity 
Average annual waste receipts 
Remaining operating life 

Facility A 
400,000 c.y. 
135,000 c.y. 

abqut 3 years 

Facility B . 
600,000 c.y. 
100,000 c.y. 

6 years 

If one accepts the argument presented by some reviewers that one class of 
facilities need not comply with the proposed rules, then Facility A is exempted 
and Facility B has to comply. This means Facility B will have to raise its 
charged rates. Facility A will not be compelled to rais~ its rates. Facility 
owners and operators and waste collectors have assured the Agency that waste 

. ' 
flows are quite sensitive to rate ~hanges. As Facility B's rates increase, some 
waste haulers who once used Facility B will switch to Facility A. Consider.what 
happens if Facility B loses half of its waste receipts, a circumstance that 
facility operators have assured the Agency could happen if rates differ by as 
little as ten percent~ 
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Change in annual waste receipts 

Operating life after change 

Facility A 
135,000 c.y. 

+ 50,000 c.y. 
. 185,000 c.y. 
about 2 years 
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Facility B , 
100,000 c.y. 

- 50,000 c.y • 
50,000 c.y. 
12 years 

After two years of increased waste receipts. Facility A will .be .full and 
Facility B will ·have to take the waste. Then: 

Change in waste flows after two years 

Remaining operating life after two years 

Facility A 
185,000 c.y. 

· -185,000 c.y. 
0 
0 

Facility B 
50,000 c.y. 

+185,000 c.y. 
235,000 c.y. 

about 2 years 

The changes in waste flows actually force·both facilities into premature 
closure. Facility A closed a year earlier than planned because haulers brought 
more waste to the site when Facility B raised its rates. Facility B closed two 
years earlier than planned because it was not designed to handle the total waste 
flow to both sites. This results in the odd case that Facility B qualifies for 
the exemption, after the fact. 

This is the likeliest series of events that will result from exempting one 
class of sites. Other likely possibilities remain. For example, Facility B 
could anticipate the revenue loss that would result from a rate increase and 
close. Then: 

Facility A Facility B 
Change in annual waste receipts 135,000 c.y. 100,000 c.y. 

+100,000 c.y. -100;000 c.y. 
235,000 c.y. 0 

The result is two facilities that have closed before they were intended to 
close, neither facility having complied with the rules. 

Another likely possibility is that Facility A will raise its prices and 
preserve the ''competitive boundary'' between its service area and Facility B's 
service area .. The owner and operator of Facility A can then use the new 
revenues to either voluntarily comply with the rules or reap a windfalJ profit. 
Prudence requires that this choice not be left to the individual owner or 
operator. 

These examples serve not as predictions of actual events, but as 
illustrations of the disruptions that very likely will result if the rules 
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afford competitive firms differential treatment. There is no claim that a 
condition like that of Facilities A and B will definitely occur. Instead, the 
Agency presents a reasoned anticipation of the likely consequences of exempting 
some facilities from compliance. It is reasonable to assume that uniform 
application of the rules will result in fewer disruptions in the waste 
management system. 

2. Part 7035.2685 COST ESTIMATES -FOR CLOSURE, POSTCLOSURE CARE AND 
CONTINGENCY ACTION. 

The Legislature directed that rules require land disposal facility owners or 
operators to demonstrate that they can provide for facility closure, postclosure 
care and response action. That is, facility owners and operators must prove 
they will have financial resources sufficient to meet the stated needs when they 
arise. The owner or operator and the Commissioner must have a way to measure 
the adequacy of the proof. Cost estimates for facility closure, postclosure 
care and contingency action will provide the needed measure. These cost 
estimates will be compared with the facility owner's or operator's demonstrated 
resources to determine compliance with the rules. 

The methods used to estimate costs must be the same for all sites. If 
different methods are used at different sites, then cost estimates will vary 
from site to site. This will introduce vari.ations in total costs and in 
facility charge rates. This would result in less protection and lead to 
unnecessary changes in waste flows. 

Problems result from the application of different cost estimating 
methodologies; all land disposal facility owners and operators must use the same 
methods to make cost estimates. This part of the rule provides land disposal 
facility owners and operators with the guidance needed to estimate costs in a 
consistent manner, to adjust those estimates and to demonstrate compliance with 
the rules. 

Subpart 1. Cost estimate requirements. This subpart contains directions 
for estimating the different costs for which estimates are required. 

All three items in this subpart require that basic cost estimates be stated 
in current dollar terms. This means that estimators should not adjust the 
estimates for inflation. Subparts 2 and 3 provide estimators with guidelines 
for making inflation adjustments. 

This subpart also does not allow cost estimates stated in present value 
terms. Present value estimates take into account the time value of money.· The 
value of money is sensitive to time because the value of a future dollar is less 
than the value of a present dollar. This proposition holds because the future 
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is uncertain. Risk erodes the value of the future dollar. No one can be 
certain that a given financial event will .occur.· This· uncertainty is often 
referred to as risk; although measurement criteria allow for some important 
distinctions between the two terms. Interest compensates investors for assuming 
risk. The investor forgoes the use of current resources for the promise of 
repayment, plus some extra return from interest earnings. This means that the 
investor who is promised a ten percent annual return on an invested dollar must 
be repaid $1.10~ if the term of the investment is one year. So the present 
value of $1.10 invested for one year at ten percent interest is $1.00. 
Likewise, the present value of a dollar received under the same conditions is 
$0.91. Present value analysis is a commonly used financial planning tool. 
Investors need to be able to set rates and charges so that investments earn 
maximum returns, consistent with other policy goals. 

Although present value analysis proves useful in financial planning, it is 
unnecessary in these rules. The rules are set up so that all financial values 
are set in the current period. Adjustments for inflation and interest earnings 
are made only after they are realized. This means thai adjusted cost estimates 
will lag behind·actual values by about a year. Contingency factors built into 
the cost estimating guidelines can make up for this lag. 

The individual facility owner or operator may want to develop an individual 
present value analysis for personal financial plans •. The rules will not require 
that this analysis be made. Since there is no need to adjust initial tost 
estimates for inflation and interest earnings, these initial estimates will be 
defined in current dollar terms. 

Item A refers the reader to other parts of the rules, parts 7035.2625 and 
7035.2635, which give the details of the contents of the closure plans. These 
parts of the rules require that the plans include cost estimates. 

This item also requires that the closure cost estimate be maximized. That 
is, the estimator has to take into account all the conditions of the site that 
can make closure more expensive. These maximizing conditions will normally 
consist of waste flow and facility management practices. 

It is helpful in this context to think in terms of the amount of open area, 
acreage not under final cover, at the site. Closure costs will vary in nearly 
direct proportion to open area, all other things being equal. The maximizing 
requirement thus requires the estimator to determine what the greatest amount of 
open area will be from the present until the site is closed. This amount 
informs the closure cost estimate. 

The proposed rules impose this maximizing requirement because the Agency and 
the facility's users must be prepared for the possibility that the owner or 

·operator may abandon the site. Instances of this sort define the need for the 
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' 
proposed rules. Since sites have been abandoned in the past, it is likely that 
more sHe abandonments will occur. Therefore, prudence and reason require· that 
the financial responsibility rules consider the chance of site·abandonment. 

This is why the rules cannot be written to allow estimators to minimize or 
optimize the cost estimates. If such estimating conventions were allowed and· 
the site were abandoned, then there might not be enough money available through 
the facility owner's or operator's chosen financial assurance medium to finance 
site cl9sure. ·It is reasonable to prepare for a 'very real possibility. The 
max1m1z1ng requirement is a SOlution to this problem. 

Item B refers the reader to other parts of the rules, parts 7035.2645 and 
7035.2655, which give the detailed contents of the postclosure care plans. 
These parts of the rules·require that the plans include costs estimates. 

This item requires the estimator to make an estimate, in current dollars, of 
the annual cost of postclosure care and maintenance. The estimator then 
multiplies this cost estimate by the number-of years of postclosure care 
required. This operation yields the total cost of postclosure care. 

The estimator is further required to make explicit allowance for inflation 
expected to occur during the postclo,sure care period. In this respect, the 
postclosure care cost estimate differs from the cost estimates for closure and 
contingency action. This postclosure estimate differs because the postclosure 
period will not begin until the site is closed and it will continue for a number 
of years after closure. This means there is no way to adjust, on a current 
basis, for inflationary cost increases that will occur during the postclosure· 
period. The estimator has to make assumptions about these inflationary 
increases and add expected inflation costs into the total cost estimate. 
History shows that inflation will occur. The uncertain quantity (see earlier 
discussion on present value analysis) is just how much inflation will occur. 

The estimator can only approximate the value of expected inflation, just as 
all other values in the cost estimate are approximate. This item requires the 
estimator to base the inflation projection on current data available through the 
U.S. Department of Commerce. That agency's publication, "Survey of Current 
Business,'' provides a statistic called the ''implicit price deflatot for gross 
national product'' which serves as a measure of the inflation that has occurred 
throughout the national economy over the reported period. The implicit price 
deflator is an index number •. 

Index numbers are relative value measures. They compare measured values in 
a base case with measured values in other observable cases. The base year for 
the statistic used is 1982. So that, given a reported index value of 111.7 in 
1985, we can say that. prices .rose by ([111.7/100.0] - 1) x 100 = 11.7 percent 
during the period 1982-1985. The index numbers can be used to determine 

·.; 
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inflation for any reported periods. The reported values for 1980 and 1984 are 
86.1 and 108.5. So the inflation that occurred during that period is 
([108.5/86.1] - 1) x 100 = 26.0 percent. The Commerce Department constructs 
this index from surveys of goods. and services purchased throughout the economy. 

The system set up in the proposed rules adjusts the postclosure cost 
estimate for inflationary changes reported up to the year in which the site 
closes. The estimator thus sets the expected inflation rate equal to the rate 
current in the year of closure. This procedure does not assume that future 
rates will actually equal current rates. This is a very shaky assumption, 
disproved by daily experience. Inflation rates change all the time. 

The procedure instead assumes that the earnings rate for invested funds will 
exceed future inflation. This assumption is well-grounded in economic 
experience. The amount by which earnings exceed inflation is referred to as the 
real rate of return. Analytical tests of the real rate hypothesis have 
confi~med that a real rate exists. The tests tend to find the real rate in the 
two to three percent range (Reference 15). 

Statistical tests of documented historical evidence support the assumption 
that earnings will exceed inflation. This assumption is incorporated into the 
cost estimating procedures required under the proposed rules. 

Item C refers the reader to another part of the rules, part. 7035.2615, which 
gives the details of the contents of a contingency action plan. A contingency 
action plan must include a cost estimate. 

The contingency action cost estimate departs from the cost estimating 
procedure used for closure and postclosure care. The closure/postclosure care 
cost est~mates cover costs that the facility owner or operator is certain to 
incur, because each facility will have to be closed and maintained for a set 
period of time. Although there may be some dispute about the magnitude of these 
costs, engineering and accounting conventions normally can resolve these 

·disputes. 
Contingency action costs are exclusive of closure and postclosure care 

costs. Contingency action costs result when an unanticipated problem arises, 
such as liner failure or massive settlement. This means contingency action 
costs have a significant probabilistic dimension that the other cost categories 
do not have. There are not enough data on contingency action costs, both in 
Minnesota and nationwide, to support statements about the probability with which 
a given event will occur at a particular time at a specified facility. The most 
that can be said is that classes of events are either likely or unlikely. For 
example, it is likely that some contingency action costs will be incurred at 
nearly all land disposal sites in the State. Available monitoring results 
support this statement (Reference 16). However, it is unlikely that 
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contingency action costs will be maximized at all sites. This statement is 
supported only by the general observation that extreme outcomes do not often 
occur in any field investigated. 

Probability is an important element in defining extreme conditions. One 
thing that makes extremes seem so great is their contrast with normal or 
expected conditions. Very tall people stand out in average crowds precisely 
because there are not many tall people. The very tall person would not seem 
quite as out of place if he stood with a group of basketball players, but that 
is not an average group. This phenomenon of low likelihood at extreme values is 
often found when the event measured is a continuous variable, like height. Such 
observations provide the basis for the ''normal'' distribution; the bell-shaped 
curve famili.ar to most students at grading time. If a specified event, height, 
for example, is normally distributed, then the average value is more likely to 
occur than any other value. As values move away from the average, they become 
less likely. 

The unpredictability of contingent events at land disposal facilities means 
that a reasonable approach to rules must consider the fact that any given level 
of response action costs is only likely, not certain, to be incurred at a 
specific facility. The proposed rules handle this problem by using· expected 
value analysis. The proposed rules will require the mixed municipal solid waste 
land disposal facility owner or operator to demonstrate financial assurance for 
the expected value of estimated contingency action costs. 

The expected value of an event is its cost times its probability of 
occurrence. For example, if two people bet ten dollars .on a coin toss·, the 
expected value of the bet, for both of them, is five dollars ($10 x 0.5 = $5). 
Applying this method to contingent events at land disposal facilities requires 
reference to the owner's or operator's contingency action plan. That plan will 
contain: 

a) an identification of the possible events such as violations of 
intervention limits or water quality standards, failure of design 
features, settlement of completed areas, and surface drainage problems 
that may require corrective actions. 

b) a description of the actions, the sequence in which they will be taken, 
and the costs associated with each action that facility personnel must 
take to prevent air, land or ground water and surface water pollution 
including methods used to: identify the nature and extent of the 
problem; evacuate the facility; contain, recover, and treat water 
quality pollutants; control air emissions; repair monitoring systems; 
and repair leachate collection systems. The plan will also have an 
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implementation timetable. 
c) a description of the equipment available on-site and off-site to repair 

each condition. 
d) a description of any prior arrangement with contractors. 
e) a statement of the scheduled and unscheduled down times for maintenance 

at the facility. 
f) an estimated cost for each action and a cost for the most severe action 

that may be needed and the total cost for all the estimated actions~ 

Calculating the expected value of contingency action costs will require 
estimating a probability of occurrence for each event identified in the 
contingency action plan. The facility owner or operator will identify the most 
costly sequence of actions presented in the plan. This is the "wo_rst case of 
series of events.'' The cost of each event in this sequence is then multiplied 
by its probability of occurrence. The result is an expected value for each 
event. The total expected value of contingency action costs is the sum of the 
expected values of the worst case series of· events identified. in the contingency 
action plan. This amount defines the level of financial assurance required. 
For example, if the facility owner or operator chooses to use a surety bond to 
comply with this part of the rule, the penal sum of the bond must equal the 
total expected value of the estimated worst case series of contingency action 
costs. 

The proposed rules require the estimation of expected values because it is 
not reasonable to assume that a given facility will incur no contingency action 
costs. Likewise, it is not reasonable to assume that a given site will incur 
costs equal to the worst case estimate. Recall here the earlier discussion on 
extreme values and probability. That discussion focussed.on known and tested 
experience with natural events. Contingency action events have generated very 
little data. Moreover, although natural elements influence these events, there 
is considerable human intervention also present. That is, manmade laws and 
rules influence the distribution of contingency action costs, as do rainfall and 
ground water flow. This human intervention could well skew the probability 
distribution of costs in one direction or another. 

The point to remember is that the scarcity of data makes it impossible to 
tell for sure the extent, or even the sign, of any skewing introduced by human 
intervention. This data problem makes prediction extremely difficult. 
Acceptably accurate estimates of contingency action cost distributions would 
require very extensive risk assessments at all land disposal facilities. Some 
reviewers have considered the expected value analysis as though it were a proxy 
for the more comprehensive analysis needed to make accurate pr·obabil ity 
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statements. They have criticized the proposed ·rules' use of expected value 
analysis because they maintain that th_~ analy$eS, as described 'in the rule 
drafts, will not be accurate. The reviewers have not understood that the 
expected value analysis is not proposed as a predictive tool. These analyses 
should not be considered as predictors, but as cost distributors.- The expected 
value analyses will require owners and operators to use the same cost estimating 
techniques. These techniques will assume the only two probability statements 
that can be made with some certainty; -namely, 1) it is unlikely that any 
facility will incur no contingency action costs and 2) it is unlikely that 
all facilities will incur costs equal ito the worst case series of events. 

The proposed rules require t~at all facility owners and operators will make 
some provision for unexpected ev~hts while, at the same time, avoiding the very 
costly results of requiring all facility owners and operators to prepare for the 
worst case. The expected value estimate relies on data provided in the site 
contingency action plan. The estimate thus becomes sensitive to each site's 
unique conditions. The cost-estimating methodology is custom-made to suit each ·
site. The proposed rules allow facility owners and operators to choose one of 
two means to estimate the expected value of contingency action. 

Subitem (1) establishes the first estimating method to develop probability 
distributions for all events listed in the contingency action plan. The 
distributions must be made based on investigations made at the site. Facility 
owners and operators choosing this option send the Agency a probability 
analysis, along with supporting details sufficient to allow the Commissioner to 
evaluate the analysis. The Commissioner will need the same information as the 
facility owner or operator has to determine the accuracy of the estimated 
probability distribution. If the facility owner or operator cannot justify a 
finding (say, an extremely low probability estimate for a very costly event),· 
then approving the financial assurance cost estimate under these conditions 
would increase the risk that incurred costs will be greater than estimated 
costs. 

Only new sites can use this option. The rules make this restriction because 
the required analysis cannot be made at existing land disposal sites. Too many 
critical variables at existing sites (e.g., underlying geologic features, the 
characteristics of the wastes received) are unknown and/or indeterminate with . 
acceptable accuracy. A recent survey of risk assessment professionals shows 
which data are most important in evaluating environmental risks (Reference 17). 

' ' 
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ELEMENTS REQUIRED FOR A RISK ASSESSMENT 

Elements 

Identification of solid 
and liquid wastes or 
raw materials stored or 
dumped and circumstances 
that could cause an 

Very 
Important 

environmental occurrence 95% 
Present disposal 

information 86% 
Identification of water 

pollution sources and 
evaluation of controls 77% 

Past disposal information 77% 
Site visits 74% 
Past incidents history 73% 
Types of processes and 

materials 68% 
Prior claims 59% 
Identification of air 

pollution sources and 
evaluation of controls 57% 

Regulatory notices of 
non-compliance 54% 

Information on corporate 
loss prevention 
organization 50% 

Legally required spill 
prevention control and 
countermeasure program 50% 

Existence of environmental 
engineering department and 
qualifications of staff 36% 

Written corporate policy 
on environmental loss 
prevention 32% 

Contact with regulatory 
officials 26% 

10-K and annual reports 5% 

Somewhat 
Important Important 

5% 

14% 

23% 
23% 
17% 
23% 

32% 
36% 

14% 

32% 

41% 

36% 

50% 

45% 

48% 
27% 

4% 
5% 

5% 

24% 

14% 

9% 

14% 

14% 

23% 

17% 
59% 

February 23, 1988 

Not 
Important 

4% 

5% 

9% 
9% 

Total .. 
Respondents 

22 

22 

22 
22 
23 
22 

22 
22 

21 

22 

22 

22 

22 

22 

23 
22 

The respondents said the most important information required in a risk 
assessment is the identification of wastes already in the facility. Facility 
owners and operators of existing land disposal sites in Minnesota cannot provide 
this information because they have not systematically recorded waste receipts 
since operations'began. The facility owners and operators also cannot provide 
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adequate information about the "circumstances that could cause an environmental 
occurrence" because they do not have adequate descriptions of the hydrogeologic 
conditions that underlie the sites. Risk assessments lacking these critical 
data could not be accurate enough to develop acceptable probability 
distributions for response action costs. The rules may appropriately deny 
existing sites the option of making their own probability analyses. New sites 
can be allowed this option since the information needed can be found and 
operational controls instituted. . , 

Subitem (2) establishes the second option for estimating probability 
distributions. The second option, available to all facility owners and 
operators, is to assume that contingency action costs are normally distributed 
with respect to their probability of occurrence. This assumes that, given a 
large number of sites and accurate probability distributions for these sites, 
the distribution of probabilities over the full range of possible costs will 
approximate the function known as the normal distribution. Before considering 
the specifics of this method, recall the earlier discussion about normal 
distributions. The rules will not require facility owners and operators to use 
this distribution because the Agency believes it will be accurate in each 
individual case. Rather, the normal distribution provides a reasonable means to 
prepare for the unexpected with consistency and fairness. 

The functional description of the normal distribution is: 

f(x) =[ 1 

in uhich: 

I \J.--2_1f_lJ_ 
L 

x = the randoa vMiable beirPJ evaluated 

J.l = the file<fl value of ~ 

(J = the standard deviation of x 

1T = 3.1116 

e = 2.718:3 

Reference 18. 
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This function specifies the familiar bell-shaped curve shown in Figure 1. 
This curve is symmetric with respect . .to,the mean,- or average, value of the 
random variable, x. That is, half the possible values of x lie to the right of 
the average, and half the possible values lie to the left of the average. 
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The value on the Y axis, f(x), gives the probability with which the random 
variable will take the specified value. The proposed rules will construe this 
value, f(x), as the probability.that the cost of contingency·action will equal 
the specified value of x. ,, ,-· 

The proposed rules must provide facility owners and operators with a way to 
take· this theoretical construct and put 1 t into practice. ·.The rules do this by 
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setting conditions on the calculations. These conditions ensure that all 
facility owners and operators use the same methods~· The conditions thus help 
the rules meet reasonable goals of uniformity and fairness. The conditions are: 

' . 

a) The value, x, is a specified interval which defines the number of times 
that the value of x will be eviluate~. For example, if the evaluated 
range is $100,000 and the specified value of x is $10,000, then the x 
variable will be evaluated ten times. 

b) The value of the last event evaluated must be equal to the worst case 
series of events identified in the c'ontingency action plan·. This 
condition, combined with the specified x value, limits the number of 
times the value of x must. be evaluated. 

c) The sum of the probabilities derfved from repeated evaluations of x 
must equal at least 1.0. This cond~tion forces the calculations to 
consider all possibilitfes..c--~The sum of the probabilities (p) of all 
possible events in a prob~bility distribution must equal 1.0. For 
example, in the coin toss·case, the possible outcomes are heads (p = 
0.5) or tails (p = 0.5). The probabilities of these outcomes equal 
1.0. If we consider the case of casting a die, the probability that 
any one face will lie face up is p = 0.1667. Six times 0.1667 is one. 
Again, this requirement assures that the evaluations ''leave out'' no 
possibilities by requiring that the sum of the probabilities derived be 
at least one. 

d) The probability of the most costly series of events (We) must equal at 
least 0.01. This condition sets a lower limit on the assumed 
likelihood that in~urred costs will equal We. There must be a finite 
probability associated with this value, simply because all likely 
events have a finite probability. This condition, in combination with 
the next condition, limits the likelihood assumption to a reasonable 
range. 

e) The probability of the most costly series of events, p(We), must be at 
least four times greater than the probability that no costs will be 
incurred, p(O). This condition places an effective upper limit on the 
value of p(O) equal to 0.0025. This condition imposes on the 
calculations the assumption that it is more likely that the site will 
incur costs equal to we than that the site will incur no costs. 

Monitoring results discussed earlier indicate that few sites will incur zero 
cost. The interests of both site owners and operators and site users argue for 
a conservative, although not too conse~~ative, cost estimate. That is, if the 
estimate is wrong, it is better that it be too high than that it be too low. If 
the estimate is too high, the set-aside funds can be returned. But if the 
estimate is too low,:owners, operators ~nd users will have to pay even more for 

'.• 
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~:ji. contingency actions at the site. This will add to the economic burden the 
facility operation imposes on its community of users at a future date when they 
will very likely not be prepared to assume this burden. Again these concerns 
favor a conservate approach to cost estimation. 

An example of how the expected value calculations will proceed may help·to 
\ 

, illustrate how the process will work. 
) 

Assume the site's contingency action 
of the worst case series of events. The 
total cost for the expected value of the 

plan estimates $1,000,000 as the cost 
calculations made below present the 
events identified in the plan. 
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.EXPECTED VALUE ESTIMATE 

[Costs and expected values reported in $10,000s] 

Evaluation Cost . Probabilities Derived Expected 
Number Evaluated Individual Cumulative Value 

(a) (b) (c) (d) [(b)( c)] 

1 $ 0 .00333218 .00333218 $ 0.00 
2 5 .00555111 .00888329 0.03 
3 9 .00885207 .01773535 0.08 
4 14 .01351209 .03214744 0.19 
5 18 .01974301 .05099046 0.36 
6 23 .02761324 .07860370 0.64 
7 28 .03696687 .11557243 1.02 
8 32 .04737688 .16294911 1.53 
9 37 .05811763 .22106674 2.14 

10 41 .06.824396 • 28931071 2.83 
11 46 .07670675· .36601746 3.53 
12 51 .08253080 .44854825 4.18 
13 55 .08499856 .53354682 4.69 
14 60 .08379540 .61734222 5.01 
15 64 .07907549 .69641771 5.09 
16 69 .07142934 .76784705 4.93 
17 74 .06176245 .82960950 4.55 
18 78 .05111936 .88072886 4.00 
19 83 .04050041 .92122927 3.35 
20 87 .03071471 • 95194398 2.68 
21 92 .02229701 .97424099 2.05 
22 97 .01549387 .98973486 1.50 
23 100 .01151091 1.00124577 1.15 

Total expected value = $55.51 

The following graphs present pictures of the information cpntained in the 
tables. 
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The assumption that contingency action costs are normally distributed is 
reasonable because: 

a) this system distributes costs among owners and operators with 
uniformity and fairness; 

b) this system avoids the unfair alternative of requiring owners and 
operators to develop funds suffjcient to meet a ''worst case scenario''; 
and 

c) many events that vary in a continuous manner conform to the normal 
distribution with respect to their probability of occurrence. 

Subpart 2. Yearly update of cost estimate. This subpart requires the 
permittee annually to adjust the cost estimates to account for changes induced 
by inflation. Earlier discussion on inflation adjustments (under subpart 1, 
item B) provides the reason for this requirement. Inflation invalidates cost 
estimates. If no adjustment is made, the cost estimate becomes too low. 

The procedure used is described under item B of subpart 1. Data from the 
Commerce Department's "Survey of Current .Business" provide the basis for the 
cost adjustment. 

This subpart also requires the Commissioner to inform all facility owners 
and operators of the inflation factor needed to adjust cost estimates. This 
will save time and money and help to make sure all facility owners and operators 
use the same adjustment factor. Facility owners and operators must adjust their 
cost estimates to account for known inflationary changes. These adjustments 
must be based on a single, authoritative measure. 

Some reviewers have argued that the annual inflation adjustment imposes 
unnecessary costs on facility owners and operators. T~ese reviewers believe 
that inflation will not have an impact large enough to justify the expense 
incurred. These reviewers suggest that a longer period, say five years, be 
allowed between inflation adjustments. 

This argument fails on two counts. First, the reviewers assume that the 
inflation adjustment will be very costly. They expect the process will require 
lengthy negotiations between the facility owner or operator and the chosen 
financial intermediary. 

Actually, the adjustment process will be quite routine. Two of the 
instruments allowed, bonds and letters of credit, normally have a one-year term. 
This means that a new agreement must be executed each year, at which time it 
should be easy to make the inflation adjustment; particularly since the 
intermediaries will be expecting these changes. Trust agreements will also be 
rather easy to adjust since there is no need to change the basic agreement. The 

·' 
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information that must be changed-is found in an ancillary document labelled. 
Schedule A. Again, it will be a rather easy matter to adjust a cost estimate, 
when the adjustments are routine and expected. 

· The second error made in the argument presented is that inflationary impacts 
are and will remain slight. The argument would have validity if the reviewers 
could predict with confidence that the three to five percent inflation rates of 
the recent past will extend into the indefinite future. However, the reviewers 
do not make this prediction. Monetary and fi sea 1 experts will se 1 dom hazard 
predictions of this sort. 

If the five-year review period were adopted and three percent inflation 
rates occurred during a five-year period, then inflation would erode cost 
estimates by slightly more that 15 percent. If.that·rate were to double, the 
erosion over five years would exceed 30 percent. 

It is not reasonable to accept the chance that such losses could occur, 
especially since the risk of loss can be minimized at low cost. 

This subpart also requires facility owners and operators to make further 
changes in their cost estimates if changing conditions lead to cost increases. 
This provision considers the very real possibility that sometime during a site's 
operating life circumstances can change. For example, a site investigation 
could uncover a ground water problem beyond the scope identified in the 
contingency action plan. Local government policies could also introduce 
substantial changes through planning efforts that either lessen or increase the 
importance of a land disposal facility in the county's solid waste management 
system. These examples do not describe extreme cases. Rather, they suggest the 
very real possibilities that accompany the development of a dynamic system. 
Since change is very likely to occur, facility plans and cost estimates must 
take account for change. 

Subpart. 3. Record retention. This subpart requires the faci'l ity owner or 
operator to maintain cost estimate records. The facility owner or operator must 
keep a copy of the latest cost estimates at the faci 1 ity. The_ facility owner or 
operator must also keep a copy of any adjusted cost estimates. 

This requirement keeps the facility owner or operator responsible for the 
cost estimates and the plans from which they are derived. The cost estimates 
and the plans from which they are developed will likely prove valuable planning 
tools for facility owners and operators. The estimates and plans will also 
prove useful to Agency inspectors as they examine on-site conditions during the 
facility's operating life. Conversely, if the plans and estimates are not 
available, facility operations, planning and regulatory inspections will be more 
difficult. Since the plans and estimates provide valuable information and 
having the copies at the site w{ll ~ake evaluafion· easier, facilitY owners and 
operators must retain copies. 
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3. Part 7035.2695 FINANCIAL ASSURANCES REQUIRED. 

This part of the rules restates the legal requirement imposed on facility 
owners and operators by Minn. Stat. § 116.07, subd. 4h (quoted in full in the 
introduction to "Financial Requirements"). This requirement is restated so that 
facility owners and operators have a clear understanding of what they are 
required to do. The rules could have simply cited relevant law, but this would 
force the facility owners and operators to look up the reference so that they 
could understand this part. Many facility owners and operators are unlikely to .. 
have easy access to Minnesota Statutes. A few sentences added to the rules thus 
save some time and effort for the facility owners and operators. 

This part also refers the reader to the next seven parts, which describe in 
detail the financial arrangements and contracts owners and operators can use to 
comply with the rules. This makes it clear to facility owners and operators 
that the steps they must follow are limited and fully contained within the 
rules. The rules thus present a reasonable guide that will help facility owners 
and operators understand how to operate under the new regulations. 

4. Part 7035.2705 TRUST FUND. 

The first compliance option described is the trust fund.· A trust agreement 
is the contract that establishes a trust fund and governs its administration. 
The trust agreement involves three or more persons. The person who finances a 
trust is called the grantor. The fund's administrator is called a trustee, who 
holds legal title to the property in the trust. ~trustee holds and administers 
a trust for the benefit of one or more persons, referred to as the beneficiary 
or beneficiaries. A trustee charges a fee for services. 

A description of how this relationship will work may prove helpful to 
understand the details of the trust agreement. Once a facility owner or 
operator chooses to comply with the rules by using a trust fund, the facility 
owner or operator must choose a trustee authorized under State law to administer 
trusts. Payments to the trust will be based on the cost estimates developed 
under part 7035.2685. These payments will be set at levels that make the 
entrusted funds, at the time of facility closure, equal to the sum of closure, 
postclosure care and the expected value of contingency action cost~. 
Disbursements from the fund will require approval from the Commissioner. This 
approval is given after a review of evidence that qualifying expenses have been 
paid. Qualifying expenses are those associated with the closure, postclosure 

. -
ca~e and contingency action plans developed for the site. The rules provide for 
release of the facility owner or operator from financial assurance 

. ' 
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responsibilities once the goals of the plans have been met. Any balances 
remaining in the trust fund after the facility owner or operator has been 
released from financial assurance responsibilities will be returned to the 
grantor. 

Item A refers to the parts of the rules that relate to trust funds, items A 
through M of this part. The facility owner or operator is required to send the 
Commissioner an originally-signed duplicate of the trust agreement and a 
certificate of acknowledgment. The Agency must know when and under what 
conditions the facility owner or operator has complied with the rule. 

This item also limits the choic~ of trustees. Not all financial 
institutions in the State have the authority to administer trust agreements. 
See Appendix VIII. Financial institutions that administer trusts must comply 
with extra reserve and reporting requirements. This limitation,helps facility 
owners and operators to exercise appropriate care in choosing a trustee. This 
limitation· keeps facility owners and operators from wasting time setting up 
trust agreements with financial companies that legally cannot administer trusts. 

Subitem (1) requires that a copy of the trust agreement accompany the final 
permit application for a new land disposal facility. This means that a facility 
owner or operator who wants to develop a new site must establish a trust fund 
before the facility begins operations. This requirement provides the owner or 
operator of a new site with reasonable notice of the requirement to be completed 
before a permit can be approved. 

Subitem (2) requires one group of facility owners and operators to send 
copies of their trust agreements to the Agency within 180 days of the effective 
date of the rules. This group contains those who have more than five years or 
more than 500,000 cubic yards of remaining capacity at their sites. This 
requirement puts into effect the compliance schedule directed by the Legislature 
in Minn. Stat. § 116.06, subd. 4h. 

Subitem .(3) requires all facility owners arid operators not included in the 
group described in subitem (1) or (2) to send in copies of their trust 
agreements within one year of the effective date of the rules. This requirement 
is necessary, if the rules are to avoid serious disruption of local solid waste 
management systems (discussed previously under part 7035.2665, "SCOPE"). 

Subitem (4) pertains to any facility owner or operator who cannot meet the 
requirements of subitems (1) through (3). These are the facility owners and 
operators who cannot execute trust agreements because they have not made the 
appropriate cost estimates. The Commissioner will provide these persons with 
cost estimates that they can use until they complete their own site 
investigations. The facility owners and operators can then execute trust 
agreements and revise them when more accurate estimates derived from on-site 
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data become available. This group of facility owners and operators is given 60 
days following their initi·al compliance deadline to provide the Agency with 
executed copies of the trust agreement. 

The rules cannot allow facility owners and operators to avoid the rate 
increases implicit in compliance with financial assurance requirements. 
Significant dislocations in solid waste management systems will result. It is 
reasonable to find and implement means to avoid these problems. 

Item B refers the facility owner or operator to· two· other parts of the 
rules. These parts contain models of a trust agreement and a certification 
document. The rules require that the facility owner's or operator's financial 
instruments duplicate the models provided in part 7035.2805. This requirement 
reasonably limits the kinds of trust arrangements facility owners and operators 
can use. If all facility owners and operators use the same form, then planning 
and financial management will proceed from the same basis at all facilities. 
This is another provision that helps avoid potential disruptions. It also helps 
to ensure equitable treatment of all facility owners and operators. 

The certification of acknowledgement is required because an independent 
authority must certify the authenticity of a copy of the trust agreement. 

Part 7035.2720 has provisions that are the same as the provisions of this 
part. The following discussion will cover the similar provisions of both parts. 

Item C and pari 7035.2720, subpart 5, require facility owners and operators 
to make uniform monthly payments into the trust fund. Periodic payments will 
help make fund development orderly and systematic. Payment schedules that vary 
could cause disruptions in the solid waste management system. Steady and 
consistent fund development is preferable. 

The first draft of these rules required annual payments. Reviewers 
suggested that monthly payments would be more convenient for business firms. 
The payments can then be arranged to fit in well with other elements of the 
firm's routine financial management. This suggestion was accepted and written 
into the rules. 

Subitem (1) (and part 7035.2720, subpart 5, item A) sets the payment 
schedule for facility owners and operators who have new sites. These persons 
must make the first payments into their trust funds before they begin to receive 
waste at their facilities. The rules thus require these facility owners and 
operators to "prepay" a portion of their financial assurance responsibilities. 
This is similar to other customary business arrangements. Insurance and rent, 
for example, are ordinarily pfepaid. The requirement puts financial assurance 
expenses on the same basis as other normal business costs. 

The rules require the facility owner or operator to send 
trustee's receipt for the first payment-into the trust fund. 

the·Commissioner a 
This gives the 
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Commissioner a way to tell whether and when the facility owner or operator 
complies with the rules. The Commission~r.must have this information to 
administer the rules. 

This subitem also provides the method to calculate the required trust fund 
payments. The first payment must equal the sum of the cost estimates divided by 
the number of periods available for payment. There is no need to take inflation 
and earnings into account for this first payment because this is handled in the 
calculation methods for subsequent payments. The requ.irement puts all facility 
owners and operators on the same accounting basis, thus avoiding disruptive 
differences in rates and billing systems among firms. 

The rules require that all following payments be made by the last day of 
each month following the first payment. That is, if the first payment is made 
on February 14, the next payment must be made by March 31; the next payment must 
be made by April 30; and so on. This requirement is designed to make sure trust 
funds develop in an orderly manner. 

The rules provide a series of formulas to guide the facility owners and 
operators in calculating the size of trust fund payments after the first payment 
is made. The basic estimating formula is: 

payment = CE - CV 
Y X 12 

in which: CE = the sum of the current cost estimates, 
cv = the current ~alue of the trust fund, and 

y = the number of years remaining in the 
operating life of the ~ite. 

This formula is straightforward. It calculates uniform payments that, over 
a fixed period, will yield a desired sum. The required adjustments to cost 
estimates (part 7035.2685, subparts 2 and 3) will build inflationary and other 
cost changes into the CE variable. Annual reports from the trustee (part 
7035.2805, subpart 1) will build fund earnings into the CV variable. The number 
12 converts the value for the operating life of the site from years to months. 
However, the calculation of the operating life of the site is somewhat more 
complicated and requires more equations. 

Tax matters lead to t~e more complicated equations. The tax question arose 
while the first draft of the financial assurance rules was being developed. 
That draft required that facility owners and operators fully develop trust funds 
within either the operating life of the site or ten years, whichever is less. 
Reviewers noted that patterning trust fund dev~lopment in this way could have 
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adverse tax consequences for private facility firms. Specifically, there was 
some question about whether money deposited in trust funds would be considered 
as business expenses or income by tax authorities. (Bear in mind that private 
firms manage nearly 70 percent of·the State's mixed municipal solid wastes, so 
the implications affect a substantial part of the sector.) The Agency did not 
want to develop rules which would require .an excessive drain on the resources of: 
the solid waste management system. Allow~ng revenues collected for postclosure ., 
care to become general government income would not have been reasonable ...... The ··~ 

rules' are deve 1 oped to so 1 ve prob 1 ems specific to the management of the mixed ,, 
municipal solid waste stream. General revenue goals have no place in these 
rules. 

A series of communications between the Agency and federal and State tax 
authorities ensued. See Appendix IX. These communications tgok place over a 
period during which Congress and the Legislature enacted significant changes in 
tax laws. Without going into the details of this correspondence, the final 
status.of the issue is that revenues a facility owner or operator puts into a 
trust fund dedicated to closure and postclosure expenses are considered business· 
expenses by both federal and State tax authorities. However, the facility owner 
or operator has to use a unit of capacity method to calculate deductions. This 
means that the owner or operator can deduct only the expenses attributable to 
production (disposal, in the land disposal site case) that occurs within the tax 
year. A further implication is that if the trust is to be fully funded before 
the site closes, then the portion of set-aside revenues associated with 
expenses attributable to wastes received after the fund reaches its final value 
are subject to the tax. 

This situation could have occurred under the first draft of the rules. For 
example, if a facility had 15 years of remaining capacity, the facility owner or 
operator would have had to develop a fully-funded trust within ten years. 
However, a significant portion of the funds set aside in the first ten years 
would have been subject to the tax because some of the money collected in the 
first ten years would have been spent on costs attributable to wastes received 
during the last five years. Again, sending a greater than necessary part of 
facility revenues to federal and State government general funds advances no 
proper goal of these rules. This problem can be avoided if the trust fund 
pay-in period equals the operating life of the land disposal site. Then, every 
dollar set aside in a trust fund will be associated with a unit of waste 
received during a current or previous tax ,year. 

This requires building into the trust. fund payment formula a method to 
calculate the remaining life of the facility. The final method chosen divides 

'·- •' 

into a measure of remaining capacity all of the volume expected to be used in 
the coming year. The formula set in the rules is: 
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Y = DC 
A X W X (1+8) 

in which: 
DC = design capacity, 
A = the ratio of loose to compacted waste volume 

achieved at the site, 
B = the ratio of cover material to waste 

received at the site, and 
w = a five-year, weighted moving average of 

reported annual waste receipts. 

Design capacity is defined in another part of the rules (part 7035.0300, 
subpart 32). The ratio of compacted to loose waste converts the waste measure 
in the denominator to a measure of how much capacity ,that waste will use up when. 
it has been compacted in the facility. The ratio of cover material to waste 
receipts is used to account for the amount of capacity that will be devoted to 
cover systems. Operators send annual reports to the Agency on the amount of 
waste they receive. The moving average measure will take the latest five years' 
reported volumes and weigh them according to a schedule that places the greatest 
importance on the latest data received. The weights applied are: 

previous year 
two years ago 
three years ago 
four years ago 
five years ago 

= 0.50 
= o. 25 
= 0.15 
= 0.07 
= 0.03 

An example will help illustrat~ how this calculation will proceed, Assu~e 

that a facility has: 1) a design capacity of 500,000 cubic yards, 2) a 
compacted to loose waste ratio of 0.50, and 3) a cover material to waste ratio 
of·0.30. Assume also the wastes received values in the following table. 

Wastes Weighted Five-Year 
Period Received Weight Receiets Weighted Average 

previous year 125,000 0.50 62,500 
two years ago 95,000 0.25 23,750 
three years ago 130,000 0.15 19,500 
four years ago 115,000 0.07 8,050 
five years ago 85,000 0.03 2,550 116,350 

Using the assumed values, the estimated operating life of the site (Y) 
becomes: J' ,. ~ 



Y = DC 
(A) (W)(1+B) 

y = 500,000 
(0.5)(116,350)(1.3) 

= 6.61 years 
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DC = 500,000 
A = 0.5 -
B = 0.3 
w = 116,350 

february 23, 1988 

This value of Y would be used to calculate the f.irst year of payments into 
the trust fund. A recalculation of the operating life of the site would then be 
made along with other adjustments when the year of payments is finished. This 
means that the process of developing the trust fund will be regularly updated 
and made to account for local conditions. It also.means that each dollar set 
aside for the trust fund will reach the fund, and none will be taken for taxes. 
This system for calculating trust fund payments is consistent with the 
legislative directive to adopt financial assurance rules and it avoids taxation. 

Subitem (2) (and part 7035.2720, subpart 5, item B) sets the payment 
schedule for owners and operators who have existing land disposal sites. The 
rules require these facility owners andoperators to make the first payments 
into their trust funds one year after the effective date of the rules. This 
requirement makes no distinction about the size of the site or its remaining 
life~ This means that the financial impact of the rules will be felt at all 
sites at the same time. 

This removes an objection some reviewers had to the first draft of.the 
rules. That draft had a staggered payment schedule that corresponded to the 
staggered compliance schedule. Recall that the facility owners and operators 
have different dates by which they must notify the Agency that they have 
executed the required financial agreements. The 500,000 cubic yard or five-year 
remaining life criterion determines whether the facility owner or operator has 
six months or a year to send copies of financial instruments to the Agency. The 
first draft of the rules required facility owners and operators to make their 
first payments at the same time they sent in evidence of financial contracts. 
This would have meant that some sites would incur financial assurance costs 
~hile others, perhaps competitors, would have six months of grace. This would 
lead to the sorts of disruptions in solid waste management that the Agency wants 
to make every effort to avoid. The simple and reasonable solution is to set up 
the rules so that all persons incur financial assurance costs at the same time. 

The rest of the subitem gives owners and operators the details of how to 
c~lculate their trust payments. This system is the same as the system discussed 
in subitem (1) above which covers the permittees who have new sites. 

Subitem (3) (and part 7035.2720, subpart 5, item C) covers situations in 
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which the owner or operator has established a trust fund before the rules become 
effective. Such cases have occurred as' pe.rmits are upgraded and i ndi vidual 
financial assurance requirements are imposed, usually only for closure and 
postclosure care expenses. These facilities have, in effect, begun to comply 
with parts of the rules before they are adopted. It would not be reasonable to 
require them to begin a new financial assurance program. This would ignore the 
balances already accumulated. Instead, this subitem of the rules takes previous 
balances into account. 

The owner or operator is required to consider the amounts in the 
pre-existing trust fund as the value CV in the payment formula. The permittee 
then calculates P.ayments according to the.system presented in subitem (1). 

Subitem (4) (and part 7035.2720, subpart 5, item D) requires owners and 
operators annually to revise the operating life. estimate. This recalculation 
must be made so that the trust fund payment will reflect actual site conditions. 
If the value for the operating life of the site remains constant, then the 
denominator of the payment formula becomes a constant. This means the payment 
would decline with time because the numerator will decline as the value of the 
trust increases. 

Recall the basic formula used ·to calculate trust fund payments: 

p aymen t = _c""E.----~c,_,v.--
Y x l2 

Apply this formula to two different cases; one in which the operating life 
estimate does not change (Y constant) and one in which new estimates are made 
annually (Y variable) as required in the proposed ·rules. Assume that the cost 
estimate (CE) is $500~000 and the initial operating life estimate is ten years. 
The table below presents the results in current dollar terms. 

,· 
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T_r_ust Fund Payments 
(Constant Dollars) 

CE = $500,000 
INITIAL y = 10 

Monthly Payments Cumulative Balances 
Year y Constant Y Variable y Constant Y Var i ab 1 e 

1 . $4,167 $4,167 $50,000 $50,000 
2 $3,750 $4,167 $95,000 $100,000 
3 $3,375 $4,167 $135,500 $150,000 
4 $3,038 $4,167 $171 ,950 $200,000 
5 $2,734 $4,167 $204,755 $250,000 
6 $2,460 $4,167 $234,280 $300,000 
7 $2 '214 $4,167 $260,852 $350,000 
8 $1,993 $4,167 . $284,766 $400,000 
9 $1,794 $4,167 $306,290 $450,000 

10 $1 ,614 $4,167 $325,661 $500,000 

As demonstrated, it is reasonable to adjust the operating life estimate 
.because the facility owner or operator would not be able -to develop adequate 
funds before site closure without such adjustments. 

Subitem (5) (and part 7035.2720, subpart 5, item E) places a voluntary 
ceiling on the unit-based trust fund pay-in· rate. A unit-based rate is one that 
is defined in terms of a constant unit of measure; a cubic yard of solid waste, 
-in this case. The facility owner or operator can determine the unit-based rate 
by dividing into the total payment the amount of waste receipts expected for the 
appropriate period. Refer again to the example presented in the discussion 
regarding. subitem (4). If the land disposal site in that example takes in 
100,000 cubic yards of waste a year, then the unit-based pay-in rate is 
$50,000/100,000 cubic yards = $0.50 per cubic yard. 

This subitem allows the facility owner or operator to limit the size of the 
unit-based pay-in rate. That rate need not exceed the unit-based rate charged 
for disposal services (usually referred to as a tipping fee) in the previous 
period. Consider another example in which a facility owner or operator charges 
$2.50/cubic yard and the unit-based pay-in rate is estimated at $3.50/cubic 
yard. The facility owner or operator does not have to add the full $3.50 to the 
tipping fee during the first year of compliance. Instead, the facility owner or 
operator can add only $2.50 in the first year. Further adjustments must be made 
during the second year, when the voluntary ceiling is raised from $2.50 to 
$5.00. 

Some facility owners and operators do not charge tipping fees. They receive 
their revenues from tax sources. These. persons could not make use of a 
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voluntary ceiling based only on tipping fees. This item makes a special 
provision for such instances. Facility owners and operators who do not charge 
tipping fees can calculate their voluntary pay-in rate ceiling by dividing total 
annual costs by total annual waste receipts. This amounts to the same sort of 
calculation that most facility owners .and operators make when they est~blish 
their tipping fees. This provision reasonably puts all facility owners and 
operators on an equal foot(ng with respect to the voluntary pay-in rate ceiling. 

This provision was added to the first draft of the rules in response to 
reviewers' claims that the financial impact of rule compliance would be too 
great. The voluntary ceiling provides a way for facility owners and operators 
to ease the initial impact of the rules on their rates. The ceiling thus 
avoids disruptions without hindering the goals of the financial assurance rules. 

Item D (and part 7035.2720, subpart 6) describes a way for facility owners 
and operators to pay even less than the amounts calculated under item C. This 
prov1s1on, like the voluntary ceiling, was made part of the rules to avoid 
disruptive financial impacts. This item puts in place a test of the facility 
owner's or operator's ability to pay the costs of compliance. The test consists 
of a demonstration that strict compliance with the rules will cause specified 
financial or economic indicators developed at the owner's or operator's facility 
to exceed criteria writte~ in the rule. 

Subitem (1) specifies the ability-to-pay test for private firms. The test . . 

criterion is: 

test value = cash flow - 150% (depreciation costs) 

in which: cash flow = net income 
+ depreciation costs 
+amortizations of intangible assets 

net income = total sales 
-(cost of goods. sold+ expenses) 

This criterion relies on cash as the basic measure of how much the facility 
owner or operator can afford. Cash available to the business firm consists of 
net income from operations plus the tlass of costs referred to as noncash 
expenses. These expenses are legitimate business costs, but they do not make 
any claim on current cash. Thus, depreciation of asset values, although an 
expense the firm must account for, does not take up any. of the firm's cash 
assets. The only other noncash expense likely to appear on a facility's 
financial statement is the amortization of intangible assets. These assets have 
value because of some right or benefit that they give to the facility owner or 
operator, even though they. have no physical existence. Examples of intangible 
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assets include: patents, copyrights and trademarks; leases, leaseholds, and 
lease improvements; licenses and franchises; formulas and processes; and 
goodwill. These assets, if claimed, are valued initially at cost and their 
value is lowered each year, a process referred to as amortization. 

The first measure in the test establishes how much cash the firm has on 
hand. Cash-on~hand cannot serve as the single test of ability-to-pay because 
business firms must reinvest in assets if they are to maintain operations. The 
need for reinvestment arises because equipment wears out or becomes obsolete. 
If the firm were to be left with no cash available for reinvestment, its capital 
stock would dwindle and become unproductive. The firm could not continue in 
business under these conditions. The need for reinvestment is the reason why 
the test reduces cash flow by 150 percent of depreciation costs. This amount 
defines the level of investment needed to maintain business operations at _,,. 
current levels. The 150 percent measure was developed by the U.S. Environmental 
Protection Agency (EPA) for use in negotiations with private firms over 
superfund settlements (Reference 19). 

EPA derived this estimate from an examination of the financial statements of. 
25 chemical and hazardous waste management firms. These are publicly-held firms 
which the Securities and Exchange Commission (SEC) requires to file financial 
statements. (Minnesota's facilities are seldom publicly-held corporations, so 
the Agency does not have access to a comparable sample which would more 
accurately reflect regional and sectoral conditions.) This investigation showed 
that the average value these firms reported for current depreciation was nearly 
150 percent of depreciation measured at historic cost levels. The adjusted 
measure accounts for inflation in reporting depreciation costs; a requirement 
the SEC adopted in 1979. 

Combining the two measures results in a value that can be thought of as a 
limit beyond which the business firm cannot afford to take on more expense. The 
equation can also be shortened through some simple algebra. 

test value = cash flow - 150% (depreciation costs) 
= (net income+ amortization+ depreciation) - 1.5 (depreciation) 
= (net income+ amortization) - 0.5 (depreciation) 

This test provides a prudent measure of the facility owner's or operator's 
capability to perform the activities required in the rules. A test of this sort 
fits in well with laws already in effect. Minn. Stat. ch. 400 gives counties 
outside the metropolitan area a great deal of responsibility for solid waste 
management. Among other. responsibilities, counties must make a financial 
assessment of facilities that receive county licenses or permits. 

; . . 
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No permit or license shall be issued for a mixed municipal solid 
waste facility unless the applicant has demonstrated to the 
satisfaction of the county board the availability of revenues , 
necessary to operate the facility in accordance with applicable 
state and local laws, ordinances, and rules •••• 

Minn. Stat. § 400.16 (1986). 

Experience indicates that counties have not systematically applied this test 
to facilities in their jurisdiction. The ability-to-pay test included in the 
proposed rules could serve county governments as well as the Agency. Counties 
could use the findings of these tests to discharge their responsibilities under 
chapter 400. 

Consider an example in which the trust fund payments calculated are $250,000 
per year. This means that if that firm's net income plus amortizations less 
half the firm's depreciation costs exceed $250,000, then the rules require the 
firm to make full payment into its trust fund. However, if the test value falls 
short of the calculated payment, the facility owner or operator begins a review 
process that is explained under subitem (3) below. 

This provision of the rules imposes a reasonable condition on facility 
owners and operators. If the facility owner or operator has enough resources to 
develop the trust fund, it should be done. ·However, if the facility owner or 
operator maintains that a trust fund cannot be developed, then this assertion 
must be proven. The proof required consists of three years' financial 
statements. Facility owners and operators who argue excessive cost must send 
the Agency the three previous years' balance sheets, income statements and funds 
statements, along with a certified public accountant's statement that the 
fi-nancial reports are accurate. These reports will provide Agency reviewers 
with information to verify the claim. 

Subitem (2) of this part and part 7035.27~0, subpart 6, item A, describe the 
ability-to-pay test for a nonprivate facility owner or operator. Most public 
sector facilit~ owners 'and operators are cou~ty governments. However, the 
Agency has also issued permits to cities and authorities. These facility owners 
and operators would not benefit from using the same ability-to-pay test that is 
designed for private firms. Public sector facility owners and operators do not 
use·the same accounting conventions and they do not manage their facilities so 
that they can maximize net income. These facility owners and operators require 
a different test. 

A complication in estimating a public sector facility owner's or operator's 
ability-to-pay is that not all use th~ same revenue system. Some charge_ tipping 
fees at facilities, just as private firms do. However, a significant number of 
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others rely on local tax revenues. In some cases the revenue picture is mixed; 
with facility owners and operators taking in tipping fee revenues and also 
receiving a local government subsidy. The test selected relies not on facility 
financial data, but on economic and census data gathered in the service area. 

The test relates to per capita income in the service area. The criterion 
value is 0.1 percent of per capita income. If the unit-based trust fund pay-in 
rate is shown to increase disposal costs per capita by more than 0.1 percent, 
then this is construed as a compliance burden worth examination and the review 
process described under subitem (3) begins. 

Facility. owners and operators using this test will also present evidence for 
their claim that they cannot afford to comply with the rules. Since the Agency 
will have cost estimates available, the owner or operator will only have to 
provide evidence on per capita income. This inf~rmation is available through 
the State Demographer's Office of the State Planning Agency. 

Returning again to the example presented under subitem (1), the $250,000 
annual payment can be used to show how the ability-to-pay test for public sector 
facility owners· or operators works. Assume the permittee is a county government 
and the county has a population of 25,000, with a per capita income of $10,000. 
(These values are nearly equal to the latest statewide averages.) This yields 
an annual cost of compliance per capita of $250,000/25,000 = $10. This number 
is below the trigger value of $10,000 X .001 =$50/year. This case would not 
trigger the review process. 

The assumptions can be changed to approximate conditions in some of the 
poorest counties. Assume per capita income is $5,000 and the population of 
families is 3,500. The annual cost of compliance is $250,000/3,500 = 
$71.40/year. And the trigger value is $5,000 x .001 = $2~. The calculated cost 
per family exceeds the trigger value. This means the review process described 
in the next subitem would begin. 

This approach to measuring a public sector facility owner's or operator's 
ability-to-pay is reasonable because it is the best use of data that are both 
appropriate and available. Public sector facility owners and .operators do not 
have uniform accounting methods, so the test cannot rely solely on data 
generated at facilities. The rules select the reasonable alternative of relying 
on data generated by an independent party, the State Demographer's Office. The · 
demographic data play a role analagous to that of the certified public 
accountant in the ability-to-pay test for private firms. That is, both serve as 
independent checks of the facility owners' or operators' claims. Since facility 
data will not serve as a basis for the test, it is reasonable to use information 
on per capita income as the test basis. Individual facility users will have to 
bear the costs in any case, so consideration of their available resources is 
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appropriate. 
Subitem (3) (and part 7035.2720, subpart 6, item B) describe how the 

facility owner or operator should proceed if the test indicates that compliance 
costs will exceed test criteria. The rule requires the Commissioner to consult 
with the facility owner or operator. They have to determine together whether it 
is possible for the facility to earn enough revenue to comply with the rules. 
The information needed to make this determination consists of: 

a) 

b) 

c) 

waste stream data - both current data and ten-year forecasts; 
fin~ncial management data - ten-year pro forma statements of 
operating income and expense; 
ten-year forecasts of demographic and economic trends 
expected to prevail in the service area; 

d) documents developed in support of the above analyses; and 
e) any other data the owner or operator believes have a bearing 

on the question of whether the facility's likely revenue 
stream can both support the facility and develop a trus~ fund 
of the required size. 

These data will provide the information needed to judge whether the facility 
owner or operator can comply with the rules. These judgments will take into 
account the data listed above and any other data the facility owner or operator 
thinks are appropriate. The Agency will be required to consider all ~he 
circumstances that will affect the site's operating life and revenues. These 
analyses are required of any planning effort. Decisions about the future of 
facilities must be informed by the best available data~ 

Subitem (4) and part 7035.2720, subpart 6, item C, describe what will happen 
when the Commissioner and the facility owner or operator have finished 
the data analysis and decided what they believe are the facility's reasonable 
prospects for the future. If it is determined that the facility will operate 
beyond the limits imposed by current fees and plans, then the calculations made 
under item C can be changed. For example, the operating life may be increased, 
with the Commissioner's approval, so that it both reflects the site's likely 
future and results in full development of a properly sized trust fund. 

The facility owner or operator may also decide to make trust fund payments 
greater than those that would cause the facility to fail the ability-to-pay 
test. This option accommodates facility owners and operators who believe they 
must have a facility regardless of the cost. 

Finally, if the Commissioner determines that the facility owner or operator 
cannot feasibly comply with the rule, a closure schedule as described in other 
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parts of the rules (parts 7035.2625 and, 7035.2635) must be developed. This is 
the only reasonable answer to the problem. The analytical process will consider 
all relevant data, and will solicit additional data from the facility owner or 
operator. This means the facility owner or operator will be given every 
possible consideration. If available informati·on proves only that the facility 
owner or operator will not have enough time or waste receipts to develop a trust 
fund large enough to meet estimated costs, then site closure makes sense. 
Continued operations will only make matters worse, as more waste is disposed of 
at a site where the facility owner or operator cannot meet the postclosure 
ob.ligations. 

The closure procedure will not be an instantaneous event. It is not 
expected that the Commissioner will find a need to close a facility on one day 
and the site will be fully closed on the next day. Since all parties will 
understand that the closure process takes time, the closure schedule will be 
developed so that reserved funds commensurate with the facility owner's or 
operator's ability to pay will at least meet closure costs. 

Item E of this part and subpart 7 of part 7035.2720 allow the facility owner 
or operator to pay into the trust fund at a rate faster than that determined 
under item C. This provision makes the rules more flexible. It allows the 
facility owners and operators, especially those in the public sector, discretion 
to set financial management plans. This could prove useful for some facility 
owners and operators. For example, an owner or operator may fully fund the 
trust with the first payment and amortize this cost over the life of the site. 
A public sector facility owner or operator could do this through bond sales. 
The advantage is that this standardizes costs. If trust fund earnings exceed 
inflation rates, as expected, there would then be no need for periodic changes 
in tipping fees. The portion of tipping fees needed to pay financial assurance 
costs would be fixed; determined by the bond payback schedule. The rules thus 
allow for the special planning needs of some facility owners or operators. 

Item F of this part and subpart 8 of part 7035.2720 relate to cases in which 
facility owners and operators begin to comply with the rules through the use of 
some financial instrument other than a trust fund. This item requires those who 
switch to a trust fund to make their first deposit equal to the fund balance 
that would have resulted if they had chosen a trust fund from the beginning. 

For example, assume a facility owner or operator first submits a surety bond 
in compliance with the rules and maintains the bond for three years. If the 
facility owner or operator then wants to set up a trust fund, the calculation of 
the first payment made into the trust fund will be different than the provisions 
written in item C. The .facility owner or operator will have to follow the 
directions provided in item C, but the site operating life assumptions change. 



~:n 
I ;.\:'" 

!M~;-:': 

:;l\ :· 

,I 

February 23, 1988 

-218-

Instead of taking a current point of view, the facility owner or operator must 
make the operating life estimate from the initial point of compliance, i.e., 
when the surety bond is first submitted. Given a pay-in amount determined from 
the initial compliance date, the facility owner or operator then has to multiply 
that amount by the number of periods in which trust fund payments were not made. 
This makes the initial payment equal to the amount that would have been in the 
fund if the facility owner or operator had chosen to develop the trust fund from 
the start. 

This provision allows further flexibility in financial planning, while at 
the same time protecting the interests of facility users. A number of reviewers 
raised opportunity cost objections to the trust fund alternative. These 
reviewers did not like the idea of setting aside resources and not using them 
until a future date. They want to be able to use the set aside funds in a. 
productive manner. Item F allows facility owners and operators to do that, as 
long as they are prudent in using the resources that will be needed to finance 
postclosure costs. 

For example, a facility owner or operator can execute surety agreements for 
an entire site. The facility owner or operator can at the same time set aside 
postclosure funds that remain under individual control. When the time comes to 
close the site, the facility owner or operator can execute a trust agreement 
using the reserved fund for this purpose. 

This provision reasonably protects the interests of all parties. The 
facility owners and operators retain use of set-aside funds and facility users 
get the protection offered by the surety. When the site has closed, a trustee 
provides the needed security. The same advantage is obtained if the facility 
owner or operator chooses to purchase a letter of credit. This arrangement is 
made formal in another part of the rules (part 7035.2725). This provision 
provides facility owners an~ operators with as much flexibility as possible. 

Item G and subpart 9 of part 7035.2720 cover situations in which events 
cause a change in cost estimates. There are circumstances that could lead to 
changes in cost estimates (e.g., local waste designation, response action work 
or changes in State laws or rules). Provisions in this item give facility users 
and the Agency assurance that such changes will be taken into account in the 
development of trust funds. 

If a change increases costs and the trust fund is not large enough, the 
facility owner or operator has 60 days to make appropriate adjustments. The 
facility owner or operator can either adjust the trust fund pay-in rate or rely 
on other financial instruments to cover the difference. This requirement gives 
facility users and the Agency assurance that the trust fund will be developed to 
reflect current conditions. 
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Item H and subpart 10 of part 7035.2720 give facility owners and operators 
the same assurances pr9vided to facility users and the Agency under item G. 
This provision makes it possible for the facility owner or operator to get a 
refund if site conditions change and the value of the trust fund exceeds cost 
estimates. 

The facility owner or operator must send the Commissioner a written request 
for release of the excess funds. The facility owner or operator must submit 
evidence of the difference between the cost estimates and the fund balance. 
Facility owners and operators should not have to set aside more resources than 
are needed. 

Item I and subpart 11 of part 7035.2720 allow the facility owner or operator 
to substitute another financial instrument for the trust fund. When this 
occurs, the facility owner or operator must send the Commissioner a written 
request to release funds held in trust. This allows the facility owner or 
operator to free up the resources held in the trust fund. Once the facility 
owner or operator has executed an acceptable alternate instrument, there is no 
further need for the trust fund. 

Item J and subpart 12 of part 7035.2720 set limits on the time the 
Commissioner has before responding to requests sent in under items H and I. 
Facility owners and operators should not have to wait indefinitely for excess 
funds to be returned. This item requires the Commissioner to instruct the 
trustee to release the requested funds within 60·days after receiving the 
request. The release is limited to amounts in excess of current cost estimates. 

Item K and subpart 13 of part 7035.2720 relate to missing or late trust fund 
payments. If a facility owner or operator misses a scheduled trust fund 
payment, the trustee has to notify both the facility owner or operator and the 
Commissioner within ten days. This notice requirement is customary. 
Representatives of trust companies have said they can easily manage such 
reporting requirements. 

The facility owner or operator has 60 days after the Commissioner receives 
notice of nonpayment to make up the payment. This allows the facility owner or 
operator a reasonable time in which to correct the error. 

The facility owner or operator may not accept any waste during the period 
that begins when the trustee sends notice of nonpayment and ends when the 60-day 
grace period is over. This requirement gives the facility owner or operator an 
incentive to make up the missing payment. The orderly development of the trust 
fund is important enough to merit strong· disincentives to breaking the pattern 
of regular payments. The requirement presents the facility owner or operator 
with two disincentives. First, the facility owner or operator cannot continue 
to do business. Second, the facility owner or operator will. have to place 
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intermediate cover over any open surface (part 7035.2815, subpart 6, item B). 
If the facility owner or operator does not make the missing payment within 

the 60-day grace period, the site must be closed. This requirement makes sense 
because the facility owner or operator who cannot make the missing payment 
within 60 days is unlikely ever to make the needed payment. The alternative to 
this requirement is allowing the site to stay open. This would simply worsen 
the problem caused by missing trust fund payments. The problem is that more 
waste adds to costs at a time when the facility owner or operator is not setting 
aside funds to cover those costs. 

The best that can reasonably be done when a facility owner or operator 
refuses to further develop the trust fund is to ease the problem by closing the 
site. Since the in-payments are set on .a monthly basis, the difference between 
incurred and estimated costs may be small enough to fall within contingency 
allowances included in the appropriate plans; 

Item L and subpart 14 of part 7035.2720 describe how money in the trust fund 
is to be used. The first part of this item specifies that money in the trust 
fund can only be used to reimburse someone for expenses incurred. This means 
that the money cannot be released as an advance for upcoming expenses. 

Some.reviewers have said this provision will make it difficult for facility 
owners and operators to find contractors to do the work needed. This criticism 
has little basis. First, contractors are not ordinarily paid in advance. 
Instead, they receive regular payments for orderly progress on a specified work 
schedule or they are paid as they complete specified major features of the 
project. Second, contractors do not have to be paid directly from the trust 
fund. An alternative arrangement could have the facility owner or operator pay 
the contractor. The trust would reimburse the facility owner or operator in 
such a case. Facility owners and operators could incur financing expenses under 
such arrangements, but there is no prohibition against including these costs in 
closure, postclosure care or contingency action plans. 

This requirement may increase cost estimates by an amount that represents 
the short-term (90-day) opportunity cost incurred while the contractor or the 
owner or operator waits for reimbursement. This amount will not likely grow to 
any large fraction of total project costs. The savings in reduced risk justify 
the nominal cost increases. Risks fall because the funds withheld form a 
powerful incentive for facility owners or operators and contractors to do a good 
job. The disincentive should encourage c·ontractors to avoid front-end loading, 
which happens when the contractor schedules the largest costs during the early 
part of the project period. Front-end loading lets the contractor recoup the 
greatest portion of cost during the earliest phases of the project, which 
dilutes performance incentives during later phases. 
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Advance payment would also add substantial risk of fund shortfalls if any 
project work is so poorly done that it either incurs added cost or has to be 
done over. This condition would mean that the portion of the trust fund 
advanced would be lost. The trust would then be underfunded. Since most costs 
will be incurred after site closure, the shortfall would likely be permanent. 

The advantage that advance payment offers facility owners ·and operators and 
contractors will not likely offset the risks that an advance payment system adds 
to a process that must take a conservative approach to long-term care at 
facilities. Reserving trust fund resources for reimbursement i~ a prudent and 
reasonable measure. 

Item L allows the Commissioner up to 90 days to approve the release of 
funds. This time is allowed so that the Commissioner can review the requests 
for reimbursement and inspect the site to make sure that work is properly done. 
Ninety days is needed to make sure reviews and inspections can be accomplished 
with due care. Although review and inspection at an individual site may not 
take long, the Agency has responsibility for sites throughout the State. The 
demand on Agency staff time could be too great at any given point to perform 
needed review and inspection in less than 90 days. The 90-day review period is 
reasonable because any shorter period could easily do a disservice to facility 
users and neighbors. 

When the Commissioner is satisfied that the reimbursement request is proper, 
the trustee will be told to release the funds to the facility owner or operator 
or an authorized contractor. However, if the Commissioner has reason to believe. 
that costs will exceed the value of the trust fund, reimbursement may be 
withheld. This provision drew some criticism from reviewers. The reviewers 
said that this provision served no useful purpose. Once the funds have been 
gathered and the facility site is closed, there will 'be no way an owner or 
operator can take in more revenue. The criticism assumes that the withholding 
provision is designed to make the facility owner or operator pay more. In fact, 
the provision is designed to protect the integrity of the trust fund. If 
closure or postclosure operations have begun and it becomes obvious that 
something has gone wrong and the work will have to start over, there is no point 
in using the limited resources of the trust fund to pay for inadequate work. 
That failure should be the responsibility of the facility owner or operator or 
contractor who made the error. Using the resources of the trust fund to assume 

·normal contracting risks dilutes needed incentives. Instead, the fund's 
resources should be used only for correcting the initial mistake. The only 
reasonable guide for trust fund management is the economic use of limited 
resources. The Agency has to assume a conservative approach in approving 
disbursements. Requests for reimbursement and the completed work associated 
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with the expense must be carefully reviewed to make sure that expenses are 
appropriate and that once an expense is incurred it will not appear again. 

The rules also constrain the Commissioner's discretion in withholding funds. 
Facility owners and operators should not have to face losses without reason. 
Unit costs in engineering plans and cost estimates will provide the Commissioner 
with the criteria needed to make the withholding decision. To withhold funds, 
the Commissioner must demonstrate that unit costs incurred at the site have 
exceeded the contingency allowances made for these costs. The units of measure 
will likely vary for different cost elements. For example, cover material 
expenses will likely be estimated as costs per acre or costs per cubic yard, 
while some postclosure costs will be reported in costs per well or costs per 
well per foot of depth. Using the unit cost criterion will ensure that any 
decision the Commissioner makes to withhold reimbursement will be well grounded 
in a thorough review of the reimbursement request and the appropriate site plan. 
This requirement reasonably constrains the Commissioner's ability to limit trust 
fund disbursements. 

The rule further requires that the Commissioner give the facility owner or 
operator written notice of the decision to withhold reimbursement. This notice 
must be sent within 30 days after the decision is made. The notice has to 
contain a statement of the Commissioner's reasons for making the decision. This 
provision reasonably gives facility owners or operators and contractors timely 
and appropriate notice if they are to be refused reimbursement from the trust 
fund. 

Some reviewers believe this item should contain more procedural detail. 
They think this section should describe the steps the Agency must use to take 
control of the trust fund if the facility owner or operator proves unable or 
unwilling to do required work. The question is not a matter of the Agency's 
control of a trust fund. The Agency's role with respect to the trust will not 
change, regardless of the owner's or operator's actions. The Agency cannot 
receive money from the trust. The Agency is limited to directing the trustee's 
reimbursement payments. 

The question is more correctly understood as a consideration of the steps 
the Agency must take to use a trust fund to reimburse someone other than the 
owner or operator of the facility. The proposed rules allow the Commissioner to 
make reimbursement to "an owner, operator or other per!:.on authorized to perform 
those actions •••• '' No one is likely to undertake unauthorized closure, 
postclosure care o~ corrective actions at a land disposal site. Another person 
may receive authority to conduct such operations only from the owner or operator 
or from the Agency. If the permit is active, only the facility owner or 
operator can authorize someone to do the work. The Agency can only grant such 
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authority if the permit has been revoked. 
The Agency believes existing rules (Parts 7001.0170, 7001.0180 and 

7001.0190) give facility owners and operators sufficient procedural protecti-on 
in these circumstances. It is not reasonable to add new procedures when 
existing procedures have proven adequate and when these existing procedures 
offer facility owners and operators the protection they seek. 

Item M and subpart 15 of part 7035.2720 describe·the conditions under which 
the Commissioner must allow the trust agreement to end. The first condition _is 
met if the facility owner or operator substitutes another allowable instrument ~~ 

for the trust fund. The second condition is met if the Agency releases the . , 
facility owner or operator from responsibility to comply with the financial 
assurance rules under part 7035.2775, which is described below. Both condition~~< 

describe circumstances under which the trust fund no longer serves a purpose. 
The trust agreement should be ended when it is not needed. , r.r 

5. Part 7035.2715 TRUST FUND FOR UNRELATED SITES. 

This part describes an alternative way that facility owners and operators . 
. 1' 1 • 

can use trust funds to comply with the rules. The phrase, unrelated sites, in.· ~ 
the title for this part refers to sites that do not have the same facility owne\':~ 
or operator. Groups of facility owners and operators can execute a~reements· ·· ··Y-

·with a single trustee. This allows the facility owners and operators to take 
.· [. 

advantage of economies of scale that would not obtain if they each developed , , 
individual trust funds. 

Trustees charge for their services. Charges generally are based on the size 
of the trust fund and the amount of service required. Trustees charge less per 
dollar as the size of the trust increases. This means that a group of facility.· 
owners and operators who set up a single trust will incur lower unit-based . ,;,::, 
administrative costs. Allowing combined trust funds saves money without 
compromising the goals of the rules. 

Trusts set up in this manner are required to operate in the same way as . _ .· 
trusts set up under part 7035.2705. The two systems cannot be exactly the same, 
since there will be a need to keep individual sites' contributions and other ,,, 
activities separate. The rules establish this separation by specifying the w~ys : 

'f•. 

in which the group trust funds differ from the individual trust funds. ·· : ~. 

Item A requires the trustee to keep separate accounts for each facility 
owner or operator. The facility owners and operators, the trustees and the 
Agency need to know who put how much money into the trust. Without proper 
accounting, no one could tell how much is available for each site. This item 
also requires trustees-to make annual evaluations of the separate accounts. 

...... _, 
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This provision ensures that everyone knows the size of each site's trust fund. 
The accurate accounting required under this item protects the interests of all 
parties. 

Item B requires the trustees, to provide the Commissioner and the facility 
owners and operators with annual evaluations of the separate accounts. This 
gives information needed to make financial plans. It also gives the 
Commissioner information needed to decide whether the facility owners and 
operators have complied with the rules. This provision serves the interests of 
all parties. 

Item C specifies that any releases authorized by the Commissioner should be 
made only from the account of the individual site. This requirement helps to 
keep each facility owner's or operator's account separate from the others. 

Item D requires trustees to make reimbursements for qualified costs only 
from appropriate accounts. That is, if the Commissioner tells a trustee to make 
a reimbursement, the trustee must take the money from the account developed by 
the facility owner or operator who has the site at which the costs are incurred. 
This is included so that individual contributions and deductions from the trust 
are kept separate. The interests of all parties are protected. 

Item E is included so that decisions to withhold reimbursement affect only 
individual sites. The rules require the Commissioner to refer to an individual 
facil~ty owner's or operator's account when making a decision not to reimburse 
for expenses. The Commissioner cannot consider the size of the whole trust fund 
when comparing incurred expenses with estimated costs. This is another way of 
making sure that individual facility owner's and operator's accounts do not get 
mixed up. Again, the provision protects the interests of all parties. 

6. Part 7035.2720 DEDICATED LONG-TERM CARE TRUST FUNDS. 

This part applies to dedicated long-term care trust funds. Only public 
sector facility owners or operators may choose this option. The dedicated 
lo~g-term care trust funds are to be established in the treasuries of 
governmental subdivisions. The funds will remain under local managerial 
control, subject to constraints specified in this part.. This option is quite 
different from the conventional trust arrangement allowed under part 7035.2705. 

The Agency expects that most private sector facility owners or operators 
will establish conventional trust arrangements. This is appropriate because 
bankruptcy law allows private firms to dissolve. Allowing private sector 
facility owners or operators to keep control of local reserves would magnify the 

I 

risks associated with business failure that are incurred by facility users, 
nearby property owners and the Agency. 
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This type of risk does not occur in cases that involve public sector 
facility owners or operators. These facility owners or operators cannot 
liquidate, as a private firm can. This means that even in extreme cases, such 
as complete site abandonment and defiance of legitimate orders, an identifiable 
responsible party will be available. 

Item A allows qualified public sector facility owners or operators to. comply 
with the rules by establishing special funds in their treasuries. The rules 
specifically require the development of a fund because public sector accounting 
is organized to report activities financed by individual funds. 

Private sector financial reporting is organized to give managers and 
reviewers information about the way a firm's activities interact to produce 
profit or loss. A private firm's activities are similar enough that only a. few 
conventional categories are needed to provide meaningful information. For 
example, income statements can often suffice if they report expenses incurred 
under production (cost of goods sold), administrative (overhead) and operational 
categories, with a miscellaneous category used to handle incidental expenses and 
taxes. There is often no purpose served by further disaggregating the reporting 
of activities. 

However, diversity can make it useful for a firm to depart from this general 
rule. As a firm's productive activities become differentiated, reporting on the 
financial results for broad enterprise categories begins to make sense. For 
example, a diversified firm may want to provide separate information on 
production-oriented and service-oriented subsidiaries. Likewise, if 

. subsidiaries behave as trading partners, buying and selling goods and services 
to and from each other, separate financial reporting for enterprise groups can 
be a meaningful addition to consolidated financial statements. Such reporting 
gives reviewers a better understanding of how the firm's diversified elements 
relate and which elements are contributing the most to the firm's performance. 

Public sector accounting is organized like the disaggregated reporting of a 
diversified private sector firm. Public sector facility owners or operators are 
not concerned with profit performance, but they must be concerned with budget· 
performance. Their responsibilities cover a variety of quite different 
activities. For example, funded activities found in a selection of local 
government financial statements include: public safety, highways and streets, 
sanitation, recreation, libraries, civil defense, agricultural society, 
cooper&t'ive extension, parks, and retirement. Each activity has its own budget 
allocation and some activities have separate revenue sources. The public sector 
financial manager's concern is to make sure that none of the activities' costs 
exceeds budget allocations. A common reporting format will organize similar 
revenue and expense types for each individual fund established in the municipal 

'· 
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treasury. Such a report usually includes a summary which aggregates all costs 
and revenues for all activity funds. Reports will often compare budget 
estimates with actual costs incurred. Ancillary reports can be developed to 
provide more detail about individual funds. 

Another reason for the fund orientation of public sector accounting is the 
lack of an equity balance that can absorb earnings or pay for losses. Customary 
public sector accounting requires that any surpluses remaining at the end of a 
budget period must be turned back to the gen.eral treasury fund from which all 
activity funds receive allocations. That is, activity funds cannot save money 
and accumulate balances. Special sinking fund arrangements can be used to allow 
accruals when appropriate, but these arrangements are not common. Budget and 
tax (revenue) estimates depend on forecasts of activity fund surpluses or 
deficits. Without a way to accumulate surpluses or undischarged liabilities, 
public sector accounting systems have focused on activity funds to provide 
useful information. 

Part 7035.2720 is thus written in a way to accommodate the fund orientation 
of public sector accounting systems. 

The fund established must be dedicated to pay for expenses identified in the 
closure, postclosure care and contingency action plans required under other 
rules. Facility owners or operators who choose this option must enact 
resolutions which establish the funds and restrict their uses. This requirement 
is included to prevent financial reserves from being used for other purposes. 
It is reasonable to use Agency rules to restrict public sector facility owners' 
or operators' use of reserves accumulated for long-term care at facility sites 
because there is no other law or rule which provides similar restrictions. In 
fact, Minn. Stat. § 385.32 specifically allows activity fund transfers to make 
up for shortfalls. Prudence dictates that the rules allow no possibility that 
locally-developed financial reserves be misallocated~ 

A facility owner or operator choosing this option must designate a trustee 
for the dedicated long-term care trust fund. The facility owner or operator in 
this case would be a governmental unit or a body created by government(s). This 
facility owner or operator is responsible for ~eeting all permit conditions and 
complying with all rules. However, there ~ust be a clear designation of a named 
person who has managerial responsibility for the fund. This clear designation 
of authority means the Agency and the facility owner or operator know who must 
perform the activities required in this rule. Without such a designation the . . 
Agency and the facility owner or operator could waste considerable time sorting 
out detailed responsibilities each time some action is :equired. This provision 
is reasonable because it eliminates a potential source of confusion. The named 
trustee incurs a fiduciary responsibility for the dedicated long-term care trust 
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fund. Following are some general statements of law regarding fiduciary 
responsibility. 

FIDUCIARY CAPACITY: 

One is said to act in a ''fiduciary capacity'' or to 
receive money or contract a debt in a ''fiduciary 
capacity,'' when the business which he'transacts, or the 
money or property which he handles, is not his own or 
for his own benefit, but for the benefit of another 
person, as to whom he stands in a relation implying and 
necessitating great confidence and trust on the one part 
and a high degree of good faith on the other part. The 
term is not restricted to technical or express trusts, 
but includes also such offices or relations as those of 
an attorney at law, a guardian, executor, or broker, a 
director of a corporation, and a public officer. 

FIDUCIARY RELATION: 

An expression including both technical fiduciary 
relations and those informal relations which exist 
whenever one [person] trusts and relies upon another. 
It exists where there is special confidence reposed in 
one who in equity and good conscience is bound to act in 
good faith and with due regard to interests of one 
reposing the confidence. A relation subsisting between 
two persons. in regard to a business, contract, or piece 
of property, or in regard to the general business or 
estate of one of them, of such a character that each 
must repose trust and confidence in the other and must 
exercise a corresponding degree of fairness and good 
faith. 

Out of such a relation, the law raises the rule that 
neither party may exert influence or pressure upon the 
other, take selfish advantage of his trust, or deal 
with the subject matter of ·the trust in such a way as to 
benefit himself or prejudice the other except in the 
exercise of the utmost good faith and with the full 
knowledge and consent of that other, business 
shrewdness, hard bargaining, and astuteness to take 

, advantage of the forgetfulness or negligence of 
another being totally prohibited as between persons 
standing in such a relation.to each other .••• 

I ' 

Reference 20. 

Thii provision places on the designated trustee the responsibility to act 
solely in the interest of the trust. The Agency cannot take part in all 

·.,, 
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decisions that involve the trust. However, the designated trustee will be 
involved in all such decisions. The imposition of fiduciary responsibilities 
requires the trustee to place the trust's interests above all other interests 
and to act accordingly. 

This requirement is placed on the trustee because no provision of this rule 
or current law can prohibit a local government from acting on resolutions. This 
means that a public sector facility owner or operator could comply with the rule 
at first, develop a sizable reserve fund, then rescind the initial resolution 
and use 'fund assets for any purpose. Likewise, resolutions can be amended in 
ways that dilute or confound original purposes. The trustee's fiduciary 
responsibilities require that he or she speak out against such actions and 
report them to the Agency if such actions take effect. This provision is 
reasonable because it gives local facility users and the Agency the secure 
knowledge that at least one local official is bound to act to preserve the 
dedicated long-term care trust fund for its original purposes. If the trustee 
acts in any way against the trust's interests, he or she will become liable for 
civil penalties. 

Item A requires that a copy of the resolution that establishes the fund 
must accompany the final permit application for a new land disposal facility. 
This means that a facility owner or operator who wants to develop a new site 
must establish a dedicated long-term care trust fund before the facility begins 
operations. This provision gives the facility owner or operator of a new site 
notice of a requirement that must be met before a facility permit can be 
approved. 

Item B requires one group of facility owners and operators to send copies of 
establishing resolutions to the Agency within 180 days of the effective date of 
the rules. 'This group contains those who have more than five years· or more than 
500,000 cubic yards of remaining capacity at their facility sites. This 
requirement puts into effect the compliance schedule directed by the Legislature 
in Minn. Stat. § 116.07, subd. 4h. 

Item C requires all facility owners and operators not included in the group 
described in item B to send in copies of their establishing resolutions within 
one year of the effective date of the rules. This requirement is reasonable 
because it puts into effect the compliance schedule directed by the Legislature 
in Minn. Stat.§ 116.07, subd. 4h. This requirement also will help to avoid 
serious disruptions of local solid waste management systems. 

Item D pertains to any facility owner or operator who cannot meet the 
requirements of items B or C. These are the facility owners and operators who 
cannot establish dedicated long-term care trust funds because they have.not made 
the appropriate cost estimates. The Commissioner will provide these facility 
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owners or operators with cost estimates they can use until they complete their 
own site investigations. The facility owners and operators can then establish 
dedicated long-term care trust funds and revise them when more accurate 
estimates derived from on-site data become available. This group of facility 
owners or operators is given 60 days following their initial compliance deadline 
to provide the Agency with copies of their establishing resolutions. 

The rules cannot allow facility owners and operators to avoid the rate 
increases implicit in compliance with financial assurance requirements. 
Significant dislocations in solid waste management systems will result. Means 
to avoid these problems must be found and implemented. 

Item E requires that public sector facility owners or operators meet 
specific qualifying criteria in order to exercise this financial assurance 
option. The Agency believes there must be qualifying criteria if the financial 
assurance rules are to have any positive effect. The Agency makes the dedicated 
facility long-term care trust fund option available at the request of 
representatives of public sector facility owners or operators. The Agency 
agrees with their argument that a public sector facility owner's or operator's 
inability to liquidate decreases the risk of site abandonment. The Agency also 
agrees that the lessened risk justifies a somewhat greater degree of local 
control of reserved funds. However., the Agency does not believe this 
justification is unqualified. 

Past experience with both private sector and public sector facility owners 
or operators _shows that some will casually ignore Agency directives if they 
believe they can save money by doing so. Facility owners or operators sometimes 
consider the costs of noncompliance small enough to justify the risk. This 

' leads to delays and refusals that accomplish little more than to increase the 
burden improper site management places on local facility users and taxpayers. 
Timely performance of all specified responsibilities is the course likeliest to 
minimize costs and environmental damage. 

The Agency believes there must be enforceable qualifying criteria that 
define the conditions under which a facility owner or or•erator is considered to 
be out of compliance with this rule's provisions. The Agency has, in the past, 
relied on the gains derived from sound facility management to provide positive 
compliance incentives. Unfortunately, many of these gains are either deferred 
(e.g., improved future resource quality) or intangible (e.g., environmental 
niceness). Facility owners or operators seldom realize such gains in current 
periods. However, they do incur compliance costs in current periods. 

This rule contains disincentives that take effect if a facility owner or 
operator decides not to meet specified qualifying criteria. The Agency believes
that the qualifying criteria provide reasonable performance incentives. They 
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make fair distinctions between classes of facility owners or operators. The 
distinctions are based on verifiable experience. The facility owner's or 
operator's status is a matter of individual choice. The facility owner or 
operator chooses whether to meet specific criteria and, in so doing, chooses 
whether to qualify for the dedicated long-term care trust fund option. Without 
such incentives, some facility owners or operators are not expected to comply 
fully with the provisions of this and other rules. This will result in needless 
environmental damages and cost increases. 

This item defines three qualifying criteria. Each qualifying criterion 
is discussed in detail in the following paragraphs. 

Under subitem (1) the facility owner or operator must perform closure, 
postclosure care and corrective action work when it is needed. The required 
activities and their schedule will be specified in the facility permit and, 
perhaps, other compliance documents. 

Local government officials assert that their service orientation will compel 
them to perform required activities on time. Their responsibilities to their 
constituents cannot be ignored or evaded. This· public service motivation is 
presented as an important justification for allowing greater local control of 
financial reserves. This first qualifying criterion simply codifies behavior 
that local government officials maintain now prevails. 

This requirement thus provides a reasonable reinforcement for responsible 
local administration. Only those public sector owners or operators that 
responsibly manage facility sites will have the greater local coritrol of 
financial reserves allowed under this rule. Facility owners or operators that 
refuse to ~o required work on iime will have to giye up some degree of local 
control. 

This requirement also provides facility users, nearby property owners and 
the State with a reasonable security measure. If a facility owner or operator 
refuses to perform needed work, that owner or operator could also prevent the 
release of funds from the dedicated long-term care trust fund. Such an impasse 
effectively prevents the Agency from meeting its environmental protection 
responsibilities. This provision makes an impasse very unlikely. A facility 
owner or operator that refuses to do required work would have to either find an 
intermediary or provide collateral for a self-insurance demonstration. In 
either case, the Agency would then have a usable source of funds that could pay 
for the work the facility owner or operator refused to do. Thus, the 
requirement provides a remedy for a potential problem that could cause damage to 
human health and the environment. 

Under subitem (2) the facility owner or operator must manage the dedicated 
long-term care trust fund according to this rule's provisions. This means: the 
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fund must grow at a specified rate, it must be maintained at specified levels, 
and there can be no disbursements without the Commi~sioner's permission. If the 
facility owner or operator does not meet any of these conditions, the financial 
statements required under subpart 3 of this rule will provide the needed 

I . 

evidence. 
The required pattern of dedicated long-term care trust fund development is 

set so that the fund will provide security that the facility owner or operator 
will be able to meet specified responsibilities. Fund growth patterns less than 
those specified in ·this part lessen the facility owner's or operator's abilities 
to pay for needed work. The implicit shortfalls mean some work may not be done 
on time, thus increasing environmental risks. 

This requirement provides facility users, nearby property owners and the 
State with security that the facility owner or operator will meet its financial 
responsibilities by one means or another. If the facility owner or operator 
does not manage responsibly the dedicated long-term care trust fund on its own, 
it should not be allowed the greater amount of local control this option 
affords. The Agency must have assurance that the facility owner or operator 
will be a responsible financial manager as well as a responsible facility 
manager. 

Under subitem (3) the facility owner or operator must maintain in effect the· 
resolution which establishes the dedicated long-term care trust fund. This 
resolution provides the legal basis for the fund. It explicitly prohibits any 
use of fund assets for purposes other than ~hose specified. The dedicated 
long-term care trust fund is not safe unless the original resolution is in 
effect until the end of the required period of postclosure care. Without this 
security, the dedicated long-term care trust fund balance would be available to 
cover any future budget shortages. This requirement provides facility users, 
nearby property owners and the Agency with a reasonable assurance that the 
facility owner or operator will maintain the integrity of the dedicated 
long-term care trust fund. 

This requirement does not preclude all change. The Agency realizes that a 
need may arise for some change in the resolution. This requirement allows 
facility owners or operators to make changes if they have written permission to 
do so from the Commissioner. This provision makes a reasonable accommodation 
for future uncertainty. 

If a facility owner or operator 'becomes disqualified, the Commissioner has 
I 

to send notice to the facility owner or operator that another form of financial 
assurance for the dedicated long-term care trust fund must be substituted. The 
facility owner or operator then has 60 days in which to make the required 
substitution. Under this provision all of the alternative financial assurance 
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methods can be made effective within 60 days. 
This item further requires that a facility owner or operator who does not 

make the substitution within 60 days must close the facility. A facility owner 
or operator in this situation clearly has no intention of complying with the 
rules. Since compliance with the rules is a condition of keeping a solid waste 
management facility permit (Minn. Stat. § 116.07, subd. 4h), a facility owner or 
operator who does not comply should lose the permit. Facility closure is a 
first step in the process of permit revocation. 

Subpart 3 describes the materials facility owners or operators must use as 
evidence that they have met the requirements of these rules. The Agency must 
have proof that facility owners or operators are properly managing the funds 
reserved for long-term care at the facility site. 

Item A requires the facility owners or operators to send copies of financial 
statements that provide information about fund balances. State law requires 
local governments to make financial reports to the State Auditor's Office. 
Minn. Stat. §§ 375.17, 471.697 and 471.698. This provision allows facility 
owners or operators to use the statements they must send to the State Auditor as 
evidence that their dedicated long-term trust funds are being properly developed 
and managed. The provision places no new burden on facility owners or 
operators. The required statements have to be prepared regardless of the 
Agency's requirements. 

Item B requires that the facility owner or operator submit an independent 
Certified Public Accountant's (CPA) report on the status of the fund. The 
report must find that the fund's status meets this rule's provisions. This 
provision will'give the Agency needed confidence in the data that inform an 
important decision. The burden of this certification is placed on a third 
party, the independent CPA, who has no interest in the outcome of the Agency's. 
decision. The CPA's sole interest is in the credibility of the analysis. The 
requirement also relieves the Agency of the need to review unaudited materials. 

Subpart 3 further requires that the financial statements and the CPA's 
report be submitted a year after the establishing resolution is sent to the 
Agency. Updates of the financial statements and CPA reports are then due in 
each succeeding year. The reporting period for the updates corresponds to the 
facility owner's or operator's fiscal Year. This requirement provides the 
Agency with the information it must have to administer responsibly this rule 
without imposin~ a great burden on facility owners or operators. 

Subpart 4 refers the facility owner or operator to another part of the 
rules, part 7035.2805, which contains in. subpart 8 a model of the resolution 
that establishes a dedicated long-term care trust fund. This rule requires that 
the resolution the facility owner or operator adopts duplicate this wording. 
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This requirement reasonably limits the kinds of resolutions facility owners and 
operators can use. If all facility owners and operators use the same form, then 
planning and financial management may proceed from the same basis at all 
facilities. This is another provision that avoids potential disruptions. It 
al'so ensures equitable treatment of all owners and operators. 

Statements supporting the reasonableness of subparts 5, 6, 7, 8, 9, 10, 11 
and 13 are supplied and noted under the similar provisions of part 7035.2705 
(Trust Funds). 

Subpart 14 requires that the owner or operator request and receive the 
Agency Commissioner's permission before the trustee may authorize any fund 
disbursements. The owner or operator must submit itemized bills along with the 
request for permis~ion to disburse funds. This means that the fund cannot be 
used to provide advances for coming expenses . 

. Some reviewers have said this provision will make it difficult for facility 
owners and operators to find contractors to do the work needed. This criticism 
has little basis. First, contractors are not ordinarily paid in advance. 
Instead, they receive regular payments for orderly progress on a speci'fied work 
schedule or they are paid as they complete specified major features of the 
project. Second, the contractors do not ~ave to be paid directly from the trust 
fund. An alternative arrangement could have the owner or operator pay the 
contractor from another fund, established.solely to provide working capital for 
the projects to which the fund is dedicated. Following approval from the 
Commissioner, the working capital fund can be replenished with disbursements 
from the dedicated long-term care trust fund. Facility owners and operators may 
incur short-term financing expenses under arrangements of this sort, but there 
is no prohibition against including these costs in closure, postclosure care or 
contingency action plans. 

This requirement may increase cost estimates by an amount that represents 
the short-term (90-day) opportunity cost incurred while the contractor or the 
owner or operator waits for reimbursement. This amount will not likely grow to 
any large fraction of total project costs. The savings in reduced risk justify 
the nominal cost. increases. Risks fall because the funds withheld form a 
powerful incenti8e for owners, operators and contractors to do a good job. This 
disincentive encourages contractors to avoid front-end loading. This happens 
when the contractor· schedules the largest costs during the early part of the 
project period. Such bidding lets the contractor recoup the greatest portion, 
sometimes all, of project costs during the earliest phases of the project, which 
dilutes performance incentives during later phases. 

Advance payment would also add substantial risk of fund shortfalls if any 
project work is so poorly done that it either incurs added cost or has to be 

(. 



February 23, 1988 

-234-

done over. This condition would mean that the portion of the trust fund 
advanced would be lost. The reserve would then be underfunded. Since most 
costs will be incurred after site closure, the shortfall would likely be 
permanent. 

The advantage that advance payment offers owners, operators and contractors 
will not likely offset the risks that an advance payment system adds to a 
process that must take a conservative approach to long-term care at facilities. 
Reserving fund resources for reimbursement is a prudent and reasonable measure. 

Subpart 14 allows the Commissioner up to 90 days to approve the release of 
funds. This time is allowed so that the Commissioner can review the requests 
for reimbursement and inspect the site to make sure that work is properly 
done. Ninety days is needed to make sure reviews and inspections can be 
accomplished with due care. Although review and inspection at an individual 
'site may not take long, the Agency has responsibility for sites throughout the. 
State. The demand on Agency staff time could well b~ too great at any given 
point to perform needed review and inspection in less than 90 days. Any shorter 
period could easily_do a disservice to facility users and neighbors. 

When the Commissioner is satisfied that the reimbursement request is proper, 
the trustee is authorized to release funds. However, if the Commissioner has 
reason to believe that total costs will exceed the val~e of the dedicated 
long-term care trust fund, reimbursement may be withheld. This provision has 
been criticized by some reviewers. The reviewers said that this provision 
serves no useful purpose. Once the funds have been gathered and the site is 
closed, there will be no way a facility owner or operator can take in more 
revenue. The criticism assumes that the withholding provision is designed to 
make the facility owner or operator pay more. In fact, the provision is 
designed to protect the integrity of the fund. If closure or postclosure 
operations have begun and it becomes obvious that something has gone wrong and 
the work will have to start over, there is no point in using the limited 
resources of the fund to pay for inadequate work. That cost should be the 
responsibility of the owner, operator or contractor who made the error. Using 
the resources of the dedicated long-term care trust fund to assume normal 
contracting risks dilutes needed incentives. Instead, the fund'~ resources 
should be conserved for use in correcting the initial mistake. The only 
reasonable guide for fund management is the economic use of limited resources. 
The Agency has to assume a conservative approach to approve disburs~ments. 
Requests for reimbursement and the completed work associated with the expense 
must be carefully reviewed to make sure that expenses are appropriate and that 
once an expense is incurred it will not appear again. 

The proper goal of the dedicated long-term care trust fund is to pay for 
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expenses incurred for work that will make the facility a more secure site. It 
is not reasonable to use the fund to assume risks for contractors. If the fund 
were to be used for making advance payments or if there were no provision for 
withholding funds, then the facility owner or operator or contractor doing the 
work would operate under a riskless condition. There would be much less 
incentive to do a proper job. ·This provision of the rules is designed to 
conserve fund assets so that they are available when needed. 

·The rules also constrain the Commissioner's discretion in 'withholding funds. 
Facility owners and operators should not have to face losses without reason. 
Unit costs in engineering plans and cost estimates will provide the Commissioner 
with the facts needed to make the withholding decision. To withhold funds, the 
Commissioner must demonstrate that unit costs incurred at the site have exceeded 
the contingency allowances made for these costs. The units of measure will 
likely vary for different cost elements. For example, cover material expenses 
will likely be estimated as costs per acre or costs per cubic yard, while some 
postclosure costs will be reported in costs per well or costs per well per foot 
of depth. Using the unit cost criterion will ensure that any decision the 
Commissioner makes to withhold reimbursement will be well founded in a thorough 
review of·the reimbursement request and the appropriate site plan. This 
requirement reasonably constrains the Commissioner's ability to limit trust fund 
disbursements. 

The rule further. requires that the co·mmissioner give the facility owner or 
operator written notice of the decision to withhold reimbursement. This notice 
must be sent within 30 days after the decision is made. The notice must contain 
a statement of the Commissioner's reasons for making the decision. This 
provision reasonably gives owners, operators and contractors timely and 
appropriate notice if they are to be refused reimbursement from.the fund. 

Subpart 15 describes the conditions under which the Commissioner must allow 
the dedicated long-term care trust fund to end. The first condition is 
satisfied when the facility owner or operator substitutes another allowable 
instrument for the fund. The second condition is satisfied when the Agency 
releases the facility owner or operator from responsibility to comply with the 
financial assurance rules under part 7035.2765. Both conditions describe 
circumstances under which the fund serves no further purpose. The fund should 
be dissolved when it is not needed. 
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7. Part 7035.2725 SURETY BOND GUARANTEEING PAYMENT INTO A TRUST FUND. 

Facility owners and operators may comply with the financial assurance 
requirement through the use of a surety bond which guarantees that before the 
facility is closed the owner or operator will establish a trust fund. This 
option is included in lieu of the self-insurance option that some reviewers 
favor (See discussion in part 7035.2750 SELF-INSURANCE). Some reviewers 
objected to setting aside funds that would not be used until some, perhaps 
distant, future date. Facility owners or operators who choose this option can 
keep set-aside funds under their own control. The facility owners and operators 
can then use the funds any way they want to until it is time to close the 
facility. At closure, the facility owner or operator must place into trust fund 
the full amount of the current cost estimates. This option reasonably allows 
facility owners or operators to maintain control of their resources while 
providing facility users and the Agency with assurance that the facility will be 
proper]y closed and maintained. 

A discussion of surety bonds and how they will function within the rules 
will be helpful here. The contract used to execute the surety agreement refers 
to the facility owner or operator as the principal. The agreement specifies a 
series of actions that the principal will perform, in this case the development 
of a standby trust fund. If the principal fails to perform as specified, the 
Commissioner can call in the bond and the surety promises to place a specified 
amount, the penal sum, into a standby trust established when the surety 
agreement is executed. The Agency can then direct that the required work be 
financed from the trust fund. This leaves the surety with a loss that must be 
recouped from the principal. Sureties charge for their assumption _of risk. The 
cost of a surety bond generally ranges from one percent to three percent of the 
bond's penal sum. Sureties may also require other conditions, such as 
collateral, before they will execute the surety agreement • 

. Item A limits the facility owner's or operator's choice of sureties and 
establishes a compliance schedule. The limit on choice refers the facility 
owner or operator to a federal document, Circular 570 from the Department of the 
Treasury (published under Title 31, sections 9304 and 9308 of the U.S. Code). 
This document lists the sureties found to be acceptable bond writers for 
projects that involve federal funds. This list includes almost 300 companies 
(Reference 21) with over 30 located in Minnesota. Referring to this circular 
helps facility owners and operators choose a responsible firm. It also relieves 
the· Agency of the need to develop a certification program for firms concerning 
whose business the Agency has little experience. This requirement takes 
advantage of certification work done by the federal government •. 
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The compliance schedule in this item is identical to the schedule applicable 
to trust funds in part 7035.2705, item A. At a new facility, owners and 
operators must submit the bond to the Commissioner before taking waste into the 
facilities. Facility owners and operators whose existing sites have more than 
five years or 500,000 cubic yards of capacity must submit the bonds within 180 
days of the effective date of the rules. All other facility owners and 
operators must submit the bonds within one year of the effective date of the 
rules. The rationale for these provisions is the same as that provided for the 
schedule in part 7035.2705. 

Item B requires that the surety agreement duplicate a model provided in 
another part of the rules· (part 7035.2805, subpart 3). This requirement 
reasonably limits facility owners' and operators' choices in the interest of 
uniformity and equity. 

Item C requires that the facility owners and operators who choose to execute 
surety agreements must also establish standby trust funds which meet the 
requirements at' the appropriate rules (parts 7035.2705 and 7035.2715). This 
requirement is included as a practical matter. State agencies cannot take in 
money and manage it as though it were their own. All receipts must become a 
part of general revenues. 

16A.72 INCOME CREDITED TO GENERAL FUND; EXCEPTIONS. 

All income, including fees or receipts of any nature, shall 
be credited to the general fund, except: 

(1) federal aid; 

(2) contributions, or reimbursements received for any 
account of any division or department for which an appropriation 
is made by law; 

(3) income to the University of Minnesota; 

(4) income to revolving funds now established in 
institutions' under the commissioners of corrections or human 
services; 

·(5) investment earnings resulting from the master lease 
program, except that the amount credited to another fund or account 
may not exceed the amount of the additional expense incurred 
by that fund or account through participation in the master lease 
program; 

(6) r~ceipts from the operation of p~tients' and inmates' 
stores and vending machines, which shall be deposited in the 
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social welfare fund in each institution for the benefit of the 
patients and inmates; 

(7) money received in payment for services of inmate labor 
.employed in the industries carried on in the state correctional 
facilities which ~eceipts shall be credited to the current 
expense fund of those facilities; 

(8) as provided in sections 16B.57 and 85.22; or 

(9) as otherwise provided by law •. 

ll Minn. Stat. § 16A. 72 (1986). 

None of the exceptions applies to the circumstances which concern these 
rules. This means that if the standby trust fund were not required, payments 
made by sureties to the Agency would have to be transferred to the State's 
general fund. There would be no guarantee that the money paid by a surety would 
be appropriated back to the Agency to do the work needed. 

The standby trust offers a way for the surety to honor its commitment 
without having the Agency receive any money. If the Commissioner has to call in 
a bond, the trustee of the standby fund receives the bond's penal sum. The fund 
is then administered under part 7035.2705 or part 7035.2715. The standby trust 
makes the trustee the owner and manager of funds collected from a surety. 

Item D specifies the actions of the owner or operator that the surety will 
guarantee. The surety is required to guarantee that: 

- the owner or operator will assure that the standby trust has a value 
at least equal to the penal sum of the bond before the owner or 
operator,begins to close the site; and 

- the owner or operator will put into the standby trust an amount equal 
to the penal sum within 15 days after the Commissioner, the Agency 
or a court i.ssues an order to close the site; or 

- the' owner or operator wi .11 find another means to comp 1 y with the 
rule within 90 days after the surety sends the owner or operator 
a notice of cancellation. 

These conditions specify the circumstances that the owner or operator, the 
Agency and the surety want to occur. As long as these conditions· are met, there 
is no need to call in the bond. The surety promises that either a trust fund 
will be developed or the surety will be ready to pay for the costs of closure, 
postclosure care and/or contingency action. These conditions provide.for 
continuity in the coverage of the owner's and operator's obligations. This item 
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provides the surety with a specific description of the circumstances that will 
lead to.the surety becoming liable on the bond. 

Item E notifies the surety of its liabilities under the rules. If any of 
the conditions described in item Dare not met, the surety is liable up to the 
amount of the penal sum. The surety's liability is limited to the amount of the 
penal sum. The surety must pay into the standby trust fund an amount that will 
bring the value of the trust up to the level of the latest cost estimates if: 

a) the facility owner or operator does not adequately fund the 
standby trust before the facility closes; or 

b) the facility owner or operator does not adequately fund the 
standby trust within 15 days after receiving a closure order; or 

c) the facility owner or operator does not find another way to comply 
with the rules within 90 days after receiving a cancellation 
notice. 

This item amounts to a restatement in the negative of item D. It clarifies 
the conditions under which the surety will have.to incur cost. This extra 
specification reasonably helps all parties understand who is responsible for 
what and when. Any ambiguities in these areas'would likely lead to unreasonable 
delays and unnecessary cost. 

Item F specifies the size required of the bond's penal sum. This amount 
must equal the sum of the current cost estimates for' closure, postclosure care 
and contingency action. All parties' interests are protected when the surety,· 
the facility owner or operator and the Agency know the extent of the surety's 
liabilities. This provision reasonably limits the surety's liabilitr to the 
extent of the estimated need. 

Item G covers situations in which the current cost estimates change. If the 
current cost estimates increase, the facility owner or operator has 60 days in 
which to either increase the penal sum of the bond or find alternative means to 
cover the difference. This allows the facility owner or operator a reasonable 
time to make up for a gap in the facility's coverage. 

If the current cost estimates decrease, the facility owner or operator can 
reduce the bond's penal sum with written approval from the Commissioner. This 
provision reasonably allows the facility owner or operator to reduce the level 
of coverage if it is not needed. The interests of facility users are protected,. 
by making the reduction contingent on the Commissioner's approval. 

Item H specifies the method by which the surety may cancel the bond. The· 
' surety has to notify the Commissioner and .. the facility owner or operator if the 

bond is to be cancelled. The notices must be sent by certified mail. The 
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cancellation cannot become effective until 120 days after the Commissioner 
receives the notice. Return receipts from the mailed notices will provide 
evidence of the date on which the Commissioner received the notice. 

This provision ensures that there will be no gaps in coverage caused by the 
surety's decision to cancel. The period between first notification and final 
effect allows the facility owner or operator time to find another surety or 
another means to comply with the rule. This period is 30 days longer than the 
time period set.in item D, subitem (3). The extra 30 days gives the 
Commissioner time to call on the bond, because during this 30-day period the 
surety is liable under the bond's conditions. 

An example will provide some help in understanding the process. Consider a 
case in which a facility owner or operator receives notice that the surety bond 
will be cancelled. If the facility owner or operator finds an acceptable 
alternative financial mechanism within 90 days, then the bond can be cancelled 
30 days later with no effect. There will be no gap in coverage. However, if 
the facility owner or operator does not find an alternative mechanism, this 
means that within 30 days the costs of closure, postclosure care and contingency 
action will not be covered by any instrument. The Agency can call on the bond 
during this 30-day period because one condition of the bond.is that the facil'ity 
owner or operator will find an acceptable alternative within 90 days. 

This provision gives the Agency a reasonable means to ensure that coverage 
will not lapse. Either the surety will guarantee that the facility owner or 
operator will fund the trust or the trustee will manage an adequately funded 
trust after the surety pays the correct amount into the fund. 

Item I. describes the conditions under which the facility owner or operator 
may cancel the bond. The only way a facility owner or operator may cancel a 
bond is by providing evidence that an alternative mechanism is in effect. Once 
the facility owner or operator sends such evidence to the Commissioner, the 
Commissioner's written approval will allow the fac.ility owner or operator to 
cancel the bond. This is another provision which reasonably allows the owner or 
operator some flexibility in using an instrument of choice while providing the 
Agency with assurance that there are no gaps in coverage. 

8. Part 7035.2735 SURETY BOND GUARANTEEING PERFORMANCE. 
...._ 

Facility owners and operators may choose to comply with the rules through 
the use of a surety bond that is somewhat different than the bond described in 
part 7035.2725. The surety is required under this part to guarantee that the 
facility owner or operator will perform facility closure, postclosure care arid 
contingency action as specified in the appropriate plans. The bond allowed 

\ 



February 23, 1988 

-241-

under part 7035.2725 uses balances held in trusts at specified times as the 
measure of the surety's liability. The bond described in this part requires 
performance of specified acts. Setting aside this difference, the two bonds 
operate in the same manner. 

Item A limits the facility owner's and operator's choice of sureties and 
establishes a compliance schedule. The limit on choice refers the facility 
owner or operator to a federal document, Circular 570 from the Department of the 
Treasury. This document lists the sureties and acceptable .bond writers for 
projects that involve federal funds. This list includes almost 300 companies, 
with over 30 located in Minnesota. Referring to this circular helps the 
facility owner or operator choose a responsible firm. It also relieves the 
Agency of the need to develop a certification program for firms with which it 
has little experience. This requirement takes advantage, to the benefit of 
facility owner or operator and the Agency, of certification work done by the 
federal government. 

The compliance schedule in this item is identical to the schedule written in 
part 7035.2705, item A. That is, new owners and operators must send their bonds 
to the Commissioner before they first take waste into their facilities. 
Facility owners and operators whose existing sites have more than five years or 
500,000 cubic yards of capacity must send in their bonds within 180 days of the 
effective date of the rules. All other facility owners and operators must send 
in their bonds within a year of the effective date of the rules. 

Item B requires that the facility owner's or operator's surety agreement 
duplicate a model provided in another part of the rules (part 7035.2805, subpart 
4). This requirement reasonably limits owners' and operators' choices in the 
interest of uniformity and equity. 

Item C requires that the owners and operators who choose to execute surety 
agreements must also establish standby trust funds which meet the requirements 
of the appropriate rules (parts 7035.2705 and 7035.2715). This requirement is 
included as a practical matter. State agencies cannot take in money and manage 
it as though it were their own. All receipts must become a part of general 
revenues. See Minn. Stat. § 16A.72 (1986) quoted in full above. 

None of the exceptions in that law applies to the circumstances which 
concern these rules. This means that if the standby trust fund were not 
required, payments made by sureties to the Agency would have to be transferred 
to the State's general fund. There would be no guarantee that all of the money 
paid by a surety would be appropriated back to the Agency so that the needed 
work could be done at the site. 

The standby trust offers a way for the surety to honor its commitment 
without having the Agency receive money. If the Commissioner has to call in a 
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bond' the trustee of the standby fund receives the payment. The fund is then 
administered under parts 7035.2705 or 7035.2715. The standby trust makes the 
trustee manager of any funds collected from a surety. 

Item D specifies the actions of· the facllity owner or operator that the 
surety will guarantee. The surety is r"equi red to guarantee that: 

a) the facility owner or operator will perform the specified work 
(closure, postclosure care, contingency action) in the manner 
and at the times described in the apppropriate plans and also 
that the facility owner or operator will satisfy all applicable 
facility permit conditions; and 

b) the facility owner or operator will find another means to comply 
with the rule within 90 days after the surety sends the facility 
owner or operator a notice of cancellation. 

These conditions specify the circumstances that the facility owner or 
operator, the Agency and the surety want to occur. As long as these conditions 
are met there is no need to call in the bond. The surety promises through its 
bond that all necessary work will be done on time. These conditions provide for 
continuity in the coverage of the facility owner's or operator's obligations. 
These conditions also reasonably provide the s~~ety with a specific description 
of the circumstances that will lead to the surety becoming liable on the bond. 

Item E notifies the surety of its liabilities under the rules. If any of 
the conditions described in item D are broken, the surety is liable up to the , 
amount of the penal sum. The surety's liability is limited to the amount of the 
penal sum. The surety must pa~·into the standby trust fund an amount equal to 
the penal sum if: 

a) the facility owner or operator does not perform closure, 
postclosure care or contingency action according to the 
appropriate plan or according to applicable permit conditions; or . . 

b) the facility owner or operator does not find another way to 
comply with the rules within 90 days after receiving a 
cancellation notice. 

This item amounts to a restatement in the ne'gative of item D. It clarifies 
the conditions under which the surety will have to incur cost. This 
specification reasonably helps all parties understand just who is responsible 
for wh.at and .when. Any ambiguities in 'these areas would likely lead to 
unreasonab 1 e de 1 ays and unnecessary cos'fs'. 
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Jtem F specifies the size of the bond's penal sum. This amount must equal 
the sum of the current cost estimates for closure, postclosure care and 
contingency action. All parties' interests are protected when the surety, the 
facility owner or operator and the Agency know the extent of the surety's 
liabilities. This provision reasonably limits the surety's liability to the 
extent of the estimated need. 

Item G covers situations in which the current cost estimates change. If the 
current cost estimates increase, the facility owner or operator has 60 days to 
increase the penal sum of the bond or find an alternative means to cover the 
difference. This allows the facility owner or operator a reasonable time to 
make up for a gap in the facility's coverage. 

If the current cost estimates fall below the penal sum of the bond, the ' 
facility owner or operator can reduce the bond's penal sum with written approval 
from the Commissioner. This provision reasonably allows the facility owner or 
operator to reduce the level of coverage if it is not needed. The interests of 
facility users are protected by making the reduction contingent on the 
Commissioner's approval. 

Item H specifies the conditions under which the surety may cancel the bond. 
The surety has to notify the Commissioner and the facility owner or operator if 
the bond is to be cancelled. The notices must be sent by certified mail.· The 
cancellation cannot become effective until 120 days after the Commissioner 
receives the notice. Return receipts from the mailed notices will provide 
evidence of the date on which the Commissioner received the notice. 

This provision ensur~s that there will be n6 gaps in coverage caused by the 
surety's decision to cancel. The period between first notification and final 
effect allows the facility owner or operator time to find another surety or 
another means to comply with the rule. This period is 30 days long~r than the 
time period set in item D, subitem (3). The extra 30 days gives the 
Commissioner time to call on the bond, because during this 30-day period the 
surety is liable under the bond's conditions. 

An example will provide some _help in understanding the process. Consider a 
case in which a facility owner or operator receives notice that the surety bond 
will be cancelled. If the facility owner or operator finds an acceptable 
alternative·financial mechanism within 90 days, then the bond can be cancelled 
30 days 1 ater with no effect •. There wi 11 be no, gap in coverage. However, if 
the facility owner or operator does not find an alternative mechanism, this 
means that within 30 days the costs of closure, postclosure care and contingency 
action will not be covered by any instrument. The Agency can call on the bond 
during this 30-day period because one con~ition of the bond is that the facility 
owner or operator will find an acceptable alternative within 90 days. This 

7: 



nH·· 

I 

i'li! 
,:··d·-
1" 

:i:tn 
February 23, 1988 

-244-

prov1s1on gives the Agency a reasonable means to ensure that coverage will not 
lapse. Either the sur~ty will guarantee that the facility owner or operator 
will do the required work or the trustee will manage an adequately funded trust 
after the surety pays the correct amount into the fund. Needed work can then be 
financed from trust fund balances. 

Item I describes the method by which the facility owner or operator may 
cancel the bond. The only way a facility owner or operator may cancel a bond is 
by providing evidence that an alternative mechanism is effective. If the 
facility owner or operator submits evidence to the Commissioner, the 
Commissioner's written approval will allow the facility owner or operator to 
cancel the bond. This is another provision which reasonably lets the Agency 
ensure that there are no gaps in coverage. 

Item J places a further limit on the surety's liability. The facility owner 
or operator will at some point be rel~ased from responsibility to comply with 
the rules. The conditions for such release are in part 7035.2775, and will be 
discussed below. Thjs ite~ provides the surety with a release from 
responsibility for the faci1ity owner's or operator's actions after the 
Commissioner has done away with the facility owner's or operator's compliance 

; ., . 
responsibility. There is no reason to carry the surety bond agreement in full 
force after the Agen~r h~~ determined there is no need to continue the financial 
assurance requirement. 

9. Part 7035.2745 LETTER OF CREDIT. . . ' .. 
Facility owners and operators may choose to comply with the financial 

assurance requirement t~ro~gh the use of an irrevocable standby letter of 
credit. A letter of credit extends the credit of one individual or organization 
(normally a bank) which is superior to that of a second individual or 
organization (the facility owner or operator in this case) to a third 
individual or organization (the Agency in this case) for the benefit of the 
second individual. The letter of credit will operate very much like the 
performance bond. 

A bank issues the facility owner or operator credit equal to the sum of the 
current cost estimates. The letter of credit will remain' in effect until the 
facility owner or operator is released from responsibility to comply with the 
rules. While the letter is in effect, the bank will honor any draft properly 
pre'sented by the Commissioner. The Commissioner can present a draft only if the 
facility owner or operator has failed to perform a specified action (closure, 
postclosure care, contingency action). In addition, if the facility owner or 
operator presents a draft to the bank, the bank will deposit money ·in the amount 
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of the draft into a standby trust fund. 
A bank will recover credits extended in this manner from the facility owner 

or operator. Banks charge for letters of credit at rates which are comparable 
to rates charged for surety bonds. Banks also charge interest on outstanding 
balances of extended credit. 

Item A limits the facility owner's and operator's choice of banks and 
establishes a compliance schedule. The limit on choice is that the institution 
must be regulated by a federal or State of Minnesota agency. This helps 
facility owners and operators choose a responsible firm. It also relieves.the 
Agency of the need to develop a certification program for firms with which it 

. has little experience. This requirement takes advantage, to the benefit of 
facility owners and operators and the Agency, of regulatory work routinely done 
by federal or State government. 

The compliance schedule in this item is identical to the schedule written in 
part 7035.2705, item A. That is, new facility owners and operators must send 
their letters of credit to the Commissioner before they first take waste into 
their facilities. Facility owners and operators whose existing sites have more 
than five years or 500,000 cubic yards of capacity must send in their letters of 
credit within 180 d~ys of the effective date of the rules. All other facility 
owners and operators must send in their letters of credit within a year of the 
effective date of the rules. 

Item B requires that the facility owner's or operator's letter of credit 
agreement duplicates a model provided in another part of the rules (See part 
7035.2805, subpart 5). This requirement reasonably limits facility owners' and 
operators' choices in the interest of uniformity and equity. 

Item C requires that the facility owners and operators who chqo~e to use 
letters of credit must also establish standby trust funds which ~eet the 
requirements of the appropriate rules (parts 7035.2705 and 70~5.?715). This 
requirement is included as a practical,matter. State agencies cannot take in 
money and manage it as though it were their own. All receipts m~st pecome a 
part of general revenues. See Minn. Stat. § 16A.72 (1986) quoted in full above. 

None of the exceptions listed in this statute applies to the cir~umstances 
which concern these rules. This means that if the standby trust fund were not 
required, payments made by banks to the Agency would have to be transferred to 
the State's general fund. There would be no guarantee all of the money paid by 
a bank would be appropriated back to the Agency so that the needed work could be 
done. 

The standby trust offers a way for the bank to honor its co~mitment without 
having the Agenc~ receive money. If the Commissioner has to call on a letter of 
credit, the trustee of the standby fund receives the payment. The fund is then 
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administered under part 7035.2705 or part 7035.2715. The standby trust makes 
the trustee manager of any funds collected from a bank. 

Item D requires that the facility owner or operator carefully identify the 
institution that issues the letter of credit. This requirement is reasonable 
because the agreement needed to issue a letter of credit is not nearly as 
detailed as the instruments used to execute trusts or surety bonds. The 
facility owner or operator must send the Commissioner a letter that refers to: 

a) the identification number of the letter of credit, 
b) the name of the issuing institution, 
c) the date on which the letter is issued, 
d) the identification number, name and address of the facility, and 
e) the amount of the current cost estimates, separately and in total. 

This information provides the Commissioner with the data that r~asonably 
will be needed to administer this system. 

Item E specifies certain conditions the bank must include in the letter of 
credit. The credit must be irrevocable for a period of one year. This 
requirement reasonably gives the facility owner or operator and the Commissioner 
certainty about the period that is covered. The letter of credit must also be 
extended automatically for one year following the expiration date. This 
extension is not absolute. It would not be reasonable to make the bank extend 
credit indefinitely. Banks can cancel the letter of credit under certain 
conditions. The main condition is proper notific~tion. 

The bank has to notify the Commissioner and the facility owner or operator 
if the letter of credit is to be cancelled. The notices must be sent by 
certified mail. The cancellation cannot become effective until 120 days after 
the Commissioner receives the notice. Return receipts from the mailed notices 
will provide evidence of the date on which the Commissioner received the notice. 

This provision ensures that there will be no gaps in coverage caused by the 
bank's decisiori to cancel. The period between first notification and final 
effect allows the facility owner or operator time to find another bank or 
another means to comply with the rule. This period is 30 days longer than the 
time period set in item I, below, which limits the amount of time the facility 
owner or operator can spend searching for a substitute mechanism. The extra 30 
days gives the Commissioner time to draw on the letter of credit, because during 
this 30-day period the bank remains liable under the letter of credit. 

An example will provide some help in understanding the process. Consider a 
case in which a facility owner or operator receives notice that the letter of 
credit will be cancelled. If the facilfty owner or operator finds an acceptable 
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alternative financial mechanism within 90 days, then the letter of credit can be 
cancelled 30 days later with no effect. There will be no gap in coverage. 
However, if the facility owner or operator does not find an alternative 
mechanism, this means that within 30 days the costs of closure, postclosure care 
and contingency action will not be covered by any instrument. The Commissioner 
can draw on the letter of credit d~ring this 30-day period because it remai~s in 
effect for 120 days following the Commissioner's receipt of the cancellation 
notice. 

This provision gives the Agency a reasonabl~ means to ensure that, once 
begun, coverage will not lapse. Either the bank will stand ready to extend 
needed credit or the trustee will manage an adequately funded trust after the 
bank pays the correct amount into the fund. Needed work can then be financed 
from trust fund balances. 

Item F specifies the size required of the letter of credit. This amount 
must equal the sum_of the current cost estimates for closure, postclosure care 
and contingency action. All parties' interests ~re protected when the bank, the 
facility owner or operator and the Agency know the extent of the bank's 
liabilities. This provision_ reasonably limits the bank's liability to the 
extent of the estimated need. 

Item G covers situations in which the current cost estimates change. If the 
current cost estimates increase, the facility owner or operator has 60 days.to 
either increase the amount of credit available or find alternative means to 
cover the difference. This allows the facility owner or operator-a reasonable 
time to make up for a gap in the facility's coverage. 

If the current cost estimates fall below the amount of credit available, the 
facility owner or operator can reduce the amount of credit available with the 
written approval of _the Commissioner. This provision -reasonably allows the 
facility owner or operator to reduce the level of coverage if it is not needed. 
The interests of facility users are protected by making the reduction contingent 
on the Commissioner's approval. 

Item H specifies the condition~ under which the Commissioner shall draw on 
the letter of credit. If .the facility owner or operator does.not perform 
closure, postclosure care or conti_ngency action according to the appropriate 
plan or permit conditions, the· Commissioner will draw on the credit. This 
provision is reasonable because it clarifies the conditions under which the bank 
will have to incur .cost. This specification helps all parties understand who is 
responsible for what and when. Any ~nbiguities in these areas would likely lead 
to unr~asonable delays and unnecessary costs. , 6 , 

Item I describes another condition under which the Commissioner shall draw 
on the letter of credit. This item gives the permittee 90 days after receiving 
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a cancellation notice to find another means to comply with the rules. If the 
facility owner or operator does not find an alternate mechanism, the 
Commissioner must draw on the credit. 

The Commissioner may delay this action if the bank further extends the 
credit. However, the Commissioner must draw on the credit during the last 30 
days of any extension if the facility owner or operator has not established 
another financial mechanism in compliance with the rules. 

These conditions provide reasonable means to make sure that coverage of 
closure, postclosure care and contingency action costs will not lapse. The 
requirements specify clearly the conditions under which the credit will be used 
and they give facility users the assurances they need that the covered costs 
will be financed. 

Item J places a further limit on the bank's liability. The facility owner 
or operator will at some point be, released from responsibility to comply with 
the rules. The conditions for such release are in part 7035.2775, and will be 
discussed below. If the facility owner or operator is released from financial 
assurance responsibilities, the Commissioner must return the letter of credit to 
the bank. This item provides the bank with a reasonable release from 
responsibility after the Commissioner relieves the facility owner or operator of 
compliance responsibility. There is no reason to carry the letter of credit in 
full force after the Agency has said there is no need to continue the financial 
assurance requirement. 

10. Part 7035.2750 SELF-INSURANCE. 

The Agency has received requests to include a provision allowing the 
facility owner's or operator's long-term care obligation to remain unsecured. 
The suggested option is known as "self-insurance," "financial test," "net worth 
test," and/or "self-assurance." 

The financial assurance rules for hazardous waste facilities have 
self-insurance provisions. Minn. Rules pt. 7045.0504, subp. 7 (1987). Those 
provisions apply to private and semi-private firms. They require facility 
owners and operators to meet a series of specific financial tests. The tests 
consist of demonstrations that the facility owner or operator either has: 

a) met two of the following three measures: a ratio of total 
liabilities to net worth less than 2.0; a ratio of the sum 
of net income plus depreciation, depletion, and amortization 
to total liabilities greater than 0.1; and a ratio of current 
assets to current liabilities greater than 1.5; 
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b) net working capital and tangible net worth each at least 
six times the appropriate current cost estimate; 

c) tangible net worth of at least $10,000,000; and. 
d) assets in the United States amounting to at least 90 percent 

of the permittee's total assets or at least six times the 
-appropriate current cost estimate. 

OR 

a) a current rating for the permittee's most recent bond 
issuance of AAA, AA, A or BBB as issued by Standard and 
Poor's or Aaa, Aa, A or Baa as issued by Moody's; 

b) tangible net worth at least six times the appropriate current 
cost estimate; 

c) tangible net worth of at least $10,000,000; and 
d) assets in the United States amounting to at least 90 percent 

of the permittee's to'tal assets of at least six times the 
appropriate current cost estimate. 

If the facility owner or operator passes either of these tests, the 
hazardous waste rules assume the facility owner or operator will pay-for all 
identified future costs. However, the future may not live up to that 
assumption. The facility owner or operator may suffer financial reverses that 
will cut into the ability to pay the costs of long-term care. The facility 
owner or operator may also prove unwilling to pay some or all of the long-term 
care costs. 

These problems become even more imposing when some defining characteristics 
of the solid waste management sector are considered. Hazardous waste owners and 
operators in Minnesota do not earn all their revenues from waste disposal 
services. Rather, these owners and operators are industrial firms whose 
production processes yield hazardous wastes-or firms that also run treatment 
facilities. This requires them to have permits. These firms do not rely 
exclusively on ~aste disposal services to earn revenues. They can make up 
revenue shortfalls after facility closure, if the firm remains viable, a fairly 
reasonable assumption for the normal Minnesota owner or operator. 

The firms that hold solid waste facility permits, however, are quite 
different. These firms generally ear~ all their revenues from solid waste 
disposal services. Although some of these firms integrate both collection and 
disposal services, the trend among these firms is to separate these activities 
through incorporation, creating separate collection enterprises and land 
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disposal enterprises. This is a reasonable and sound business management 
practice. Common past management practices treated the facility as an adjunct 
to a collection service.· The disposal facility was operated on a breakeven or 
lose-a-little basis. Recent regulatory changes have led many facility owners 
and ·operators to change the structure of their businesses. The faci 1 ity owners 
and operators realize that the facility could become a substantial liability as 
the previously unanticipated costs of long-term care occur. Many private sector 
facility owners and operators have, therefore, sought to protect their assets by 
incorporating the facility and the col'lection service as separate businesses. 
This means the facility has become a firm with a finite earning capacity, 
because it has a limited waste disposal capacity. Once the site is full it 
cannot accept waste. This also means that once the site is closed it cannot 
earn revenue. Therefore, the State must require that the resources needed to 
finance long-term care be set aside during the site's operating life. Otherwise 
some, or all, of the work required during long-term care will not get done 
because there won't be any money to pay for it. 

If a self-insured solid waste land disposal facility owner or operator 
proves unable or unwilling to meet long-term care costs, the Agency will have to 
rely on courts and bankruptcy proceedings to finance long-term care. These 
means provide no guarantee that the owner or operator wiJl pay any of the costs 
of long-term care. It is inappropriate to sanction by rule such unsecured 
obligations. Owners and operators should provide assurance for long-term care 
costs through the.use of tested,· conventional financi~l media. 

Concerns for the lack of a self-insurance provision led to a series of 
communications with representatives of the two largest owners and operators of 
waste management firms in the State. See Appendix X. The correspondence 
lasted for more than one year and consisted·of both written communications and 
personal meetings. 

Agency staff took the position that conventional self-insurance should not 
be allowed by the rules. The waste management firms received letters stating 
the Agency's objections. These firms were asked to respond to the objections. 

Waste Management of Minnesota, Inc. (WMI) sent the Agency a detailed 
response. WMI sent individual answers to each of the Agency's objections. 
Thes~ responses merit close attention. 

The federal 1government has developed the basic model for self-insurance. 
The U.S. Environmental Protection Agency (EPA) allows self-insurance as a way to 
comply with the financial assurance requirements of hazardous waste facility 
permits granted under the Resource Conservation and Recovery Act (RCRA). The 
EPA conducted extensive statistical tests to determine which financial measures 
would be best. The study selected two samples of firms; a bankrupt sample and a 
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nonbankrupt sample. The study then imposed selected financial measures in 
various combinations on the historical performance of these firms. The final 
test system chosen passed 95 percent of the viable firms and failed all but 0.1 
percent of the bankrupt firms. 

The measures chosen were sufficient for EPA's needs. The EPA concentrated 
on firms that generate hazardous waste. This led the EPA to stratify its 
samples, so that the sample universes included only firms whose products and 
processes are associated with hazardous wastes. A sample universe is the entire 
population from which a sample is drawn. This means that solid waste management 
firms could not possibly have been a part of the study. Therefore, the data 
collected cannot be applied to these firms. 

The Agency's first objection to including self-insurance has to do with the 
correct use of statistical inference. It is not correct to use statistics drawn 
from one sample universe to make statements about members.of another universe. 
For example, a statistical analysis of the height of high school boys has no 
statistical relevance to statements about the height of high school girls. 
Informal observation tells us that we can expect that the girls' average height 
will be less than the boys' average height, but the findings of statistical 
analysis of the boys' heights have no predictive value for the population of 
girls. Consider, for example, a further definition of sample universes in which 
the boys' sample is taken in Southeast Asia and the girls we are concerned with 
1 ive in Scandinavia. This may seem like an absurd exampl~, but it points out 
the care that is needed when making general statements based on statistics. 

The Agency's correspondence with WMI stated that the EPA findings have no 
bearing on the tests' validity for solid waste management firms because those 
firms were not a part of the study's sample universe. Therefore the tests have 
no statistical support when used in the solid waste management sector. The 
financial tests may be sufficient to the need in the hazardous waste section, 
but they may not be adequate in the solid waste sector. There is just no way to 
tell with acceptable accuracy, because the only research done on the question 
has no proper application to the case at hand. 

The Agency's analysis also indicates a characteristic which differentiates 
firms in the waste management sector from the firms in the EPA sample. Market 
and regulatory conditions ind~cate that waste management firms confront greater 
risk than the average firm considered in the EPA study. The Agency further 
noted that rules promulgated in Illinois tried to minimize this risk element by 
limiting the self-insurance option to diversified firms. Vertical integration 

·throughout the waste management sector probably does not have the risk-reducing 
effects that the Illinois rules rather obviously sought. 
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WMI responded with the following assertions: 

First - WMI argues that waste management firms were included in the EPA 
sample universes. 
Second - WMI contends that waste management firms are not inherently 
riskier than other firms. 
Third- WMI believes that the diversified status of a firm has no 
implications for the risks that the firm faces. WMI believes there is no 
justification for considering diversification when discussing 
self -insurance. 

These responses indicate a profound misunderstanding of both the EPA's 
statistical work and the Agency's correspondence. 

First, the most detailed description of EPA's statistical study is found in 
a technical appendix to the hazardous waste facility financial assurance rules 
(Reference 21). The EPA study consisted of two samples. One sample of bankrupt 
firms was taken from a variety of sources: a) previous research on bankruptcy 
forecasting, b) Moody's Industrial Manual, c) Funk and Scott's Annual Periodical 
Index, and d) the Wall Street Journal Index. This sample began with 95 firms. 
Three were dropped for data problems and others were dropped because their chief 
business consisted of ''wholesale, retail and/or transportation service 
activities ...... (pp. III-1 through III-2). The final sample used consisted of 
66 firms. The other sample consisted of 190 viable firms drawn from Moody's 
Industrial Manual in ''categories that generate and dispose of large quantities 
of hazardous waste on site (e.g., primary metals, petroleum refining, chemical 
and plastics manufacturing, textiles)" (Reference 22). Twelve firms were 
dropped because their businesses consisted primarily of wholesale, retail and/or 
transportation service activities. This left a usable sample of 178 firms. 

The point to be made in response to WMI's assertion is that EPA's exclusion 
process prohibited waste management firms from consideration. The Agency staff 
pursued this question further, in the interest of precision, and contacted the 
principal author of the study. He confirmed the statement that there were no 
waste management firms in the universe from which the samples were drawn 
(Reference 23). Consideration was limited to firms in industrial categories 
known to generate hazardous wastes. A careful readi~~ of the survey report and 
discussion with the report's author confirm the Agency's position. 

It could be that the WMI respondents were confused about one section of the 
report. EPA added some special analyses in response to comments from waste 
management industry representatives. T~e study examined the financial 
statements of BFI and SCA Services, Inc. The study found that these two firms 
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would have passed the financial test chosen for inclusion in the hazardous waste· 
rules. A finding that two firms can pass the test in no way validates the test 
for a-ll firms in the waste management sector. The total sector is too small and 
too new to have developed enough data to allow a statistically significant test 
of the financial measures used in the EPA rules. The fact that two firms at one 
point passed the test says nothing about whether the test has predictive power 
(validity) in the overall waste management sector. 

Second, WMI contends that "waste management firms are not inherently riskier 
than all other businesses." The WMI response again misses the point of the 
initial Agency letter. WMI argues that other businesses confront risk. The 
firms included in the EPA study experience in common the risks they confront as 
hazardous waste generators. The other risks these firms confront were averaged 
over the entire sample. -Thus, the legal risk arising from product liability 
judgments, cited by WMI, was accounted .for in the EPA study and averaged over 
all firms included in the sample. 

It's useful to bear in mind at this point that the A. H. Robbins case, 
referred to by WMI, is too recent to have influenced the results of the EPA 
study. Likewise, other cases (e.g., the Johns-Manville, Continental-Illinois 
and Texaco bankruptcies and the Union Carbide financial problems) have also 
occurred since the original EPA study. Experience with cases such as these, in 
which the firm likely would have.passed the financial test until very shortly 
before bankruptcy was filed, would likely have had important influences on EPA's 
thinking .. 

The statement that all firms confront risk is so obvious as to be trivial. 
The producing firms in the EPA sample face risks in the marketplace and in the 
courts. Such firms also face risks induced by technological change, which can 
rapidly render products and production processes obsolete. These risks are 
generic to business activity. Again, these risks were accounted for in the EPA 
study. The WMI argument implies that WMI should be considered no riskier than 
the other firms in the EPA survey. Analyses by risk assessment specialists and 
insurers view waste management risks differently. 

To some extent insurance companies have adopted a "wait and see" 
strategy concerning EIL (environmental impairment liability) 
insurance unti 1 more actuarial data and additional legal 
clarifications emerge. 

For example, the 38 members of PLIA (the Pollution Liability 
Insurance Association) pool write their policies exclusively for 
chemical waste generators. They perceive fewer unanticipated 
risks from activities of generators than from waste site ,, 
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facilities. As they accumulate experience and confidence, they 
are likely to offer policies to firms more difficult to evaluate. 

Reference 24. 

The added data and legal changes have not emerged yet. The National Solid 
Waste Management Association (NSWMA) has tried to develop its own captive 
insurance pool to manage the risks once covered by insurance. The NSWMA has yet 
to interest reinsurers in taking a portion of this risk (Reference 25). 

The inherently high financial risk associated with the hazardous 
waste management industry stems from both investment and liability 
risks. The investment risk reflects the likelihood that 
investment funds can be lost because of unsuccessful siting 
attempts or uneconomical facilities. Several firms report 
investing over $1 million in single facilities for legal and 
engineering fees before being stopped from development by state or 
local agencies. In addition, another concern cited by potential 
developers is that a facility may prove to be uneconomical because 
of insufficient demand for services. Although most industry 
observers feel that demand will gradually increase ov~r the next 
several years due to more strict regulation, the rate and 
magnitude of this predicted increase is uncertain. Unforeseen 
technical problems can also introduce risk into the investment 
decision. Start-up problems and operat-ing problems can be a 
factor especially for the more sophisticated technologies. 
Probably even more significant than investment risk is the 
potential liability. Liability risk is perceived to be high· 
because of the potential for civil or criminal suits in the event 
that operating problems result in damages of regulatory 
noncomp 1 i ance. 

Reference 26. 

Although handling hazardous waste may entail risks and significant· 
capital investment, the profitability outlook for the industry is 
generally favorable. Potentially high profits are possible because 
the demand for hazardous waste management services is relatively 
inelastic while the supply of additional ultimate capacity may be 
scarce. Process changes and waste reduction may be possible for 
some generators but demand has not been very price sensitive. 
Small and medium-sized firms may not have the economies of scale 
to warrant major investment in disposal faciliti~s and alternative 
off-site facilities may be limited in their geographic region. 

Reference 27. 

This evaluation contradicts the WMI argument that waste management firms are 
no nski er than other firms. -It i:s' reasonable to assume that the authors would 
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not characterize a business sector as having inherently high financial risk if 
the risks it confronts were not rather greater than the risk confronted by other 
businesses. The qualification is unnecessary if waste management firms are no 

·different from other firms. 
WMI must demonstrate more than just the ex.istence. of risk and regulati-on· to 

give its argument the support it needs. The Agency's letter clearly asked the 
WMI respondents to consider regulatory and market differences. Enforced 
regulations in waste management can lead to facility closures and expensive 
cleanup orders. Such actions would likely have significant impacts on the 
financial condition even of firms as large as WMI. Likewise, WMI's markets are 
quite different than those of the firms in the EPA sample. The sampled firms 
are producers who sell in national and international markets. WMI is a service 
firm operating in a network of localized markets. The two conditions could not 
be much different, given the size constraint placed on the analysis. The 
central point is that WMI's operating units are subject to local vagaries 
(regulation, accident, community opposition) to an extent that far exceeds the 
local influences on production firms with national markets. As noted before, 
the WMI response chooses to ignore the question of differences in regulations 
and markets. WMI simply believes that since many firms are regulated and all 
firms face risks, then WMI is no different than any other firm. The response is 
inadequate and unconvincing. 

The initial Agency letter also considered the use of a model adopted by 
Illinois. This discussion was included because WMI operates facilities in 
Illinois. The Agency believes WMI might advance this modification as a means 
to meet the objection based on risk characteristics. Illinois' financial 
assurance rules require that a complying facility owner or operator earn no more 
than 50 percent of its gross revenues from land disposal services. These rules 
clearly seek to lower the risks assumed by the regulatory authority by allowing 
only diversified permittees to use self-insurance. 

Diversification eases risks by spreading them over different operating units 
and markets. The presence of a parent firm in many markets allows the parent to 
provide individual subsidiaries with a buffer against temporary setbacks. 
Reverses in one market can be weathered using the resources of the corporate 
network. Usually, these reverses cannot be severe or long-term. Otherwise the 
parent firm would likely divest itself of the losing subsidiary. However, if 
the subsidiary shows an ability to become profitable again in the near-term, 
then the temporary losses can be assumed by the parent firm without jeopardizing 
the whole corporate structure. The subsidiary is thus insulated from some part 
of the risks that an independent firm must face in total. 

The Agency letter notes that the was,~,~ management firms likely to qualify 
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are diversified firms only in a very special sense. These firms have become· 
vertically integrated. That is, they have maintained a presence in a single 
market, waste management services~ but they have expanded their holdings into 
firms that serve all parts of that market - from waste collection, through 
processing to final disposal. This means that the firms have not diversified 
outside their original markets. Instead, they have permeated their original 
markets. The risks associated with waste management services have become 
interrelated among subsidiaries under the control of a single parent firm. If 
initial risks have diminished, this is only to the extent that a subsidiary is 
insulated from localized risks. There remains a real question whether the 
parent firm will protect a local subsidiary in trouble, when such protection 
weakens the resources of the corporate structure. 

The WMI response makes dubious assertions about the advantages of 
diversification. The assertions reinforce the Agency's original point
diversification does not necessarily lower dsks. The Agency notes WMI's 
support of the staff's original position and retains its objection that the 
diversified character of a waste management firm should not influence a decision 
on whether to allow self-insurance. WMI's confusion results because of a 
misreading of the Agency letter. WMI assumes the letter concluded that firms 
which aren't diversified should not be allowed to self-insure. There is no 
conclusion stated in the Agency letter on the question of diversification and 
self-insurance. Instead, the letter notes that the Illinois rule writers 
probably did not intend Illinois' financial assurance rule to extend a benefit 
to firms that have diversified through vertical integration. 

The first Agency letter asked WMI to consider whether adding risks to a 
corporate structure might not impact the parent firm's financial condition in 
ways that conventional. accounting cannot report. Instead of considering this 
question, WMI discussed probability. 

Before considering WMI's statistical analysis, a related issue should be 
adressed. The WMI response includes discussion of the way in which net worth 
measures are used in the financial test applied in the usual self-insurance 
case. Under Minnesota's hazardous waste facility rules, a self-insuring 
permittee must report the combined closure, postclosure care and response action 
costs associated with all self-insured facilities that the parent firm owns. 
This total interstate self-insurance cost is added to the estimated costs 
anticipated at the Minnesota site. The sum of the costs for the Minnesota site 
and all other sites is then used as the measure against which the parent firm's 
net worth is compared. If the site is to be self-insured, the parent firm's net 
worth must be at least $10 million and it must also be six times greater than 
the combined costs calculated for all sites. 
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For example, if the LMN company wants a permit for a site in Minnesota, it 
must first estimate the costs of closure and postclosure care. Assume this 
value is $1.5 million. LMN must then ~eport on all other self-insured sites. 
Assume LMN has four other self-insured sites in other states and the combined 
estimated costs for closure, postclosure care and response actions at these 
sites are $13.5 million. If the parent firm wants to self-insure the Minnesota 
site, it must have and maintain a net worth of at least $90 million (six times 
$15 million). Every dollar added to the self-insurance bill must be matched by 
six dollars of net worth. 

WMI presents this provision as a response to the Agency argument that fixed 
financial statistics will not properly reflect the cumulative impact of multiple 
self-insured sites. Since the test value changes as new sites are added to the 
self-insured list, it must not be fixed. This presentation again misses the 
central point of the Agency's objections. The Agency must rely on financial 
statements for its evidence that the permittee meets the self-insurance tests. 
These statements are fixed, as far as the Agency can tell, for the normal 
financial reporting period (one year). 

Consider the case, advocated by WMI, in which a single parent firm has many 
self-insured sites in many states. Again, from Minnesota's point of view, 
financial values fixed for one year determine whether the local facility owner 
or operator qualifies for self-insurance. (Bear in mind throughout this example 
that the Agency has no independent source to use for verification of the values 
reported from sites in other states.) Events may occur in other states which 
would change the status of the local facility owner or operator with respect to 
financial assurance. Between the time that the Agency approves the facility 
owner's or operator's self-insurance demonstration, the parent firm could add 
more sites in other states and experience substantial losses from other sites. 
Both cases could change the result of the local site's self-insurance test, but 
the Agency would have no way to know that the changes had occurred until the 
time for annual review of the self-insuran~e test arrives. 

Consider again the LMN example. Assume that the firm has a demonstrated net 
wor.th of $100 million. This would qualify the local site for self-insurance, 
since the total net worth needed was calculated at $90 million. Once the Agency 
approves self-insurance for the local site, the Agency's information does not 
change for a year. The financial vaiues are fixed, even though the facility 
owner's or oper·ator's condition can change quite a bit in a year. If, for 
example, LMN added two more self-insured sites (at, say, $10 million) in two 
other states and incurred a $5 million loss at a site in a third state, this 
would change the picture. The required net worth to qualify the local site 
would increase to $150 million while the·firm's reported net worth, assuming no 
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other changes, would fall to $95 million. The site would not qualify at its 
annual review. The conditions causing this disqualification could occur well 
before the annual review takes place. The strict interpretation of EPA's sta
tistical findings would hold that a greater-than-acceptable risk exists for the 
period between the time financial'·"'conditions worsen and the time of the next 
annual review. 

The more important question raised by the WMI response is whether the risk 
associated with many self-insured land disposal facilities is an additive 
function, as the Agency maintains, or a multiplicative function, as WMI 
maintains. WMI's argument considers only the unlikely condition in which 
contingent events occur simultaneously at many, or even all, sites. (This 
discussion assumes that since WMI uses the modifier contingent, the firm is 
·considering only response and remediation costs, not closure and routine 
postclosure care.) WMI correctly maintains that the probability that a number 
of independent events will occur simultaneously is the produ~t of their 
individual probabilities. WMI then goes on to argue that the best way to 
minimize risks is to add as many sites as possible to the list of self-insured 
sites. This argument results from a fundamental misunderstanding of the laws of 
probability. It is an attempt to rationalize a problem away, and ignore the 
realities of time and place. WMI's focus on simultaneity leads to a fundamental 
error. WMI is correct in its belief that the probability of occurrence of a set 
of independent events is the product of their individual probabilities. (This 
analysis apparently assumes that the dependent and conditional probabilities 
associated with individual sites form a composite that represents the whole 
site.) 

Consider the problem as one of rolling dice. The probability of getting a 
one on a single die is 1/6 = 0.167. The probability of getting two ones when 
rolling two dice is (1/6)(1/6) = 0.028. Extending the example to three ones 
from three dice, the probability becomes (1/6)(1/6)(1/6) = 0.005. This 
describes the result assumed by WMI; the three independent events occur 
simultaneously. If this were a correct representation of the casi, then the 
conclusion would be correct. 

However, the inference is incorrect. Overall risk does not decrease, as 
inferred. WMI states that, "As the number of facilities (covered by 
self-insurance) increases ••• the likelihood that events will occur at all 
sites decreases.'' 

The proper way to view the problem considers the case in two stages. First, 
think of a ''planning'' stage in which no events have occurred. Next, consider 
what happens to the probability calculations after an event occurs. In the 
first stage, the correct approach is to determine the likelihood that the events 
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in question will form a "union." "The union of two events A and B is the event 
that occurs if either A or B both occur on a sing 1 e performance of the 
experiment.'' Reference 28. Considering the events in question as unions 
takes account of the more realistic possibility that either one or two or more 
events may occur. This is the realistic case ·which ·WMI and the Agency confront. 

Consider again the three-dice toss. The 1 ike 1 i hood that either one or two 
or three ones will result is: 

(1/6 + 1/6 + 1/6) - [(1/6)(1/6)(1/6)] = 0.5 - 0.005 = 0.495 

This is a substantial difference from the minute result hinted at in the WMI 
res_ponse. 

So, at the start of the analytical process, both parties confront a level of 
aggregate risk larger than the risk levels WMI assumes. The next stage in the 
analysis focusses on the impact of actual occurrences on the security that 
self-insurance offers. Assume that one event occurs. This event then drops out 
of the probability analysis. The event isn't probable anymore; it's real. It 
places a real financial burden on the corporate resources that are being 
promised as security for other sites. This is the central question of concern 
to the Agency. It should also concern other states' environmental agencies when 
they are inv1ted to join the WMI network of risk. 

Consider again the three dice (self-insured sites) and name them A, B and C. 
Locate site A in Minnesota and sites B and C in other states. If a problem 
arises at site B, then the LMN Corporation becomes responsible for paying 
whatever costs are involved. The costs to be incurred at B become realized 
liabilities which diminish LMN's net worth and working capital. This means that 
the risks associated with sites A and C remain,.while LMN's financial capacity 
is dimini'shed by costs incuried at B. 

This assumed case describes the main concern presented by the Agency which 
WMI ignored in its response. The Agency letter asked WMI to "consider the 
implications of widespread use of (self-insurance)." What happens as WMI adds 
sites to it~ self-insured list and approaches "full subscription." That is, 
all sites in all states are self-insured. The dice toss can once again provide 
an illustration. Consider adding dice to the experiment as the analogue to 
adding sites to the self-insurance list: 



Number of dice 

3 
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Probability of a one 

0.167 
0.167 
0.167 
0.167 
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.Probability of a union 

0.495 
0.666 
0.833 
0.999 

(The dice example becomes less meaningful because the probabilities are 
limited. In practice, the likelihoods for separate events will vary and there 
could very well be more than six sites. ·The example is presented to illustrate 
the fact that adding sites increases, not decre~ses, aggregate risk.) 

WMI and the Agency must also consider that some of these events can mean 
site closure. If closure is needed the permittee would incur costs at a site 
from which it gains no revenue. This wouJd leave the facility owner or operator 
with a diminished capacity to insure the remaining'risks. The overall risk may 
well not have fallen jn ~ir~~t proportion to the loss associated with the event 
that occurred. 

The WMI response P,r~~~~~s no risk estimate. We can assume from WMI 
correspondence and frqm, di~cussions with WMI representatives that risks are 
finite and the assocj9teP, cq~ts are substantial. Given no data on which to 
evaluate \>,MI's claim~! ~~~Agency must take the conservative position that 
assumes risk and cost 11ill be high. Therefore, reliance on a risk pool 
consisting of WMI-man(\ged sites, a risk pool whose assets are managed by WMI, 
becomes a tenuous prpposition, The Agency has no regulatory control over sites 
in other states. Re~~l~tiqns differ between states. This means other states' 
regulations may not qe as protective of ground water resources. This makes it 
more likely that the ev~nts cpnsidered here will occur in other states. A 
further implication is t~at the corporate resources pledged to secure the 
Minnesota site will likely be used (possibly used up) in other states. 
Comparisons of states' environmental regulations add credibility to this 
concern. Minnesota is generally found to be one of the states with the most 
stringe~t environmental controls. Reference 29. 

This leaves the Agency with a curious choice, assuming conventional 
self-insurance is allowed. Adopting conservative rules and standards along with 
vigorous enforcement·may reduce the likelihood that the firm's corporate 
financial resources will not be needed for remedial action at the Minnesota 
site. The res'ources will likely then be used at sites in states that have less 
stringent rules. The Agency's alternative is to ease standards and not enforce 
them very rigorously. The Agency can then emphasize ground water monitoring 
efforts. This will maximize the chances of Minnesota getting its piece of the 
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net worth before other states drain it away. The proper and reasonable solution 
is to reject these alternatives and rely on tested, conventional financial 
intermediation to provide the financial security for land disposal sites. 

The initial Agency position was that the information used in the 
self-insurance financial tests can be too old to be useful, under conventional 
arrangements in solid and ha~ardous waste regulations. The financial statements 
.customarily used in support of the financial tests are compiled annually. This 
system imposes information lags that other financial media avoid. Financial 
reverses can occur very quickly, so it is preferable to avoid reliance on old 
data. 

The WMI response accepts the Agency statement that financial statements may 
be more than a year old when the Agency receives them. WMI also maintains that 
the majority of the data in financial statements will be less than a year old. 
This remark appar~ntly considers financial data as separate bits of information 
gathered in over a year-long reporting.period. WMI also suggests that since 
many financial companies base their decisions on annual financiai statements, 
this information should be good enough for the Agency. Finally, WMI suggests 
that the Agency require more frequent financial reporting to solve this problem. 

The assertion that most data in a financial statement are iess than a year 
old refers to the fact that business activity' is continuous, not discrete. The 
financial condition of a firm changes daily. The WMI statement assumes that 
data are useful simply because they exist. In practical terms, data are useful 
only if they are available in a consistent format that allows comparability 
between periods. 

The financial tests used in most self-insurance programs reiy on data 
compiled in balance sheets and income statements. These statements have their 
rna in value as measures of dynami_c change, although current hazardoUs waste rules 
are accepting of static data. The tests are meant to provide reguiators with. 
early warning of imminent bankruptcy. Chosen indicators moving beyond 
acceptable limits are construed as signs that the firm is becoming iess viable. 
The regulator then requires the facility owner or operator to either close or 
find another way to comply with the rules. 

Regardless of the time at which a re~ulator gets a piece bf i~to~mation, its 
usefulness is tied directly to the reporting period. For e*affipi~. ~ithough an 
action (e.g., an asset sale) may take place six months after one report is 
submitted, this information will not get to the regulator untii the next 
published report is sent six months later. The information does riot become 
usable until a year after the previous report. The age of the data does -not 
matter as much as the reporting period. 

WMI correctly points out that these problems could be -solved in part with 
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additional reporting requirements. If conventional self-insurance were to be 
included in the rules, quarterly reporting would likely be required. However, 
WMI has not successfully answered the other objections to self-insurance, so 
there is little need to pursue this issue further. 

The Agency's. original position was that only differences in administrative 
service costs matter when this issue is discussed. The question of opportunity 
costs thus narrows to consideration over which compliance method is cheapest. 
(An opportunity cost measures lost chances. For example, a person may hold 
savings as cash stuffed in a mattress or deposit the cash in a bank savings 
account. The foregone interest earnings from the savings account are an 
opportunity cost that is incurred if the person decides to stuff the mattress 
with money.) The opportunity costs associated with dedicating reserves for 
long-term care do not enter into the question, because such diversions would be 
required under any method. WMI completely misstates the problem when it asserts 
that the Agency position considered opportunity costs ''irrelevant as the purpose 
of financial assurance regulations is to protect the environment rather than 
waste management firms.'' 

The original Agency statement assumed a firm would optimize its choice of 
financial intermediaries. This means the firm need not rely on a trust fund to 
comply with the rules. Using a trust fund would indeed deprive a firm of the 
use of its funds. Instead, the likeliest case would have the firm purchasing a 
bond or a letter of credit. Both of these choices would allow the firm to 
retain control of its capital. The firm thus incurs minimal opportunity cost. 

WMI asserts in its response that "self-insurance is a valid way of providing 
financial assurance for the protection of the environment.'' The word ''valid,'' 
in common usage, means: 

1. having legal force; properly executed and binding under the 
1 aw; or 

2. sound; well-grounded on principles or evidence; able to 
withstand criticism or objection, as an argument. 

Reference 30. 

WMI presumably relies here on the second understanding of the word; because 
the first definition mak~s no sense in this case. Considering the second 
definition, previous discussion has demonstrated that conventional 
self-insurance for solid waste management facilities is not sound or based on 
sound principles. The only evident principle in WMI's response is that of 
s~lf-intere~t. Minnesota has no significant experience with cqnventional 
self-insurance that could be used as evidence. The limited national evidence 
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available on conventional self-insurance raises important questions about the 
propriety of conventional self-insurance. A survey of EPA's experience with 
self-insured hazardous waste facilities found enough failure~ in the system to 
call for a new investigation of the financial tests (Reference 31). 

WMI also asserts that it is unnecessary anol unt:air to exclude conventional 
self-insurance from the compliance options·allowed. This phrase occurs in a 
logical construction that argues: conventional self-insurance is a valid 
financial assurance mechanism, so forcing WMI to use another mechanism is 
unnecessary and unfair. 

WMI offers no evidence that conventional self-insurance is indeed a valid 
mechanism. The statement rests on a ·simple assertion of validity. The Agency's 
objections, challenging the validity of conventional self-insurance, are 
presented in detail above. It is necessary to exclude from the rules financial 
mechanisms that are invalid; that is, unsuited to the basic purpose of the 
r u 1 es • 

The question of fairness caused the Agency staff to once again refer to a 
dictionary. The source cited above defines unfair as: 

1. not just or impartial; biased; inequitable; or 

2. dishonest, dishonorable or unethical in business dealings 
involving relations with employees, customers or competitors. 

Assume that WMI uses the word unfair in the first sense. The Agency has 
been scrupulously impartial in its consideration of this matter. Facility 
owners and operators with an· interest in this question have had well over a year 
to discuss issues of concern and suggest changes. (The Agency's first detailed 
correspondence with WMI began in September 1985. WMI's response arrived over a 
year later, in October 1986.) The Agency staff has investigated available 
background materials, looking for independent evaluations of conventional 
self-insurance programs. Th'e Agency has maintained throughout the rulemaking 
process that all interests must be represented in consideration of the rules. 
This includes the interests of facility users and nearby property owners along 
with the interests of solid waste management firms. 

WMI's response presents no evidence that the Agency has shown bias in its 
c9nsiderations. There is a consistent conservative bias built into the rules 
which is well-j~stified by the uncertainty that surrounds many of the processes 
involved. However, this conservative bias imp~cts all facility owners and 
operators with equal force. 

The question 6f eq~ity in r~~ource allocation issues has become a matter of 
·increasing interest in the last'twenty years. Generally, resource analysts find 

/ 
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that the most equitable (fairest) distributions are achieved through user fees. 
That is, resource users pay for the costs imposed on others by their use of the 
resource in question. An important consideration also is that the total cost to 
a user should vary according to the extent of use. This means that the person 
whose activities cause $X of damage should pay less than the person who causes 
$2X of damage, and so on. 

Historic patterns in solid waste management have imposed substantial 
inequities. This happens as facility users avoid the costs of ground water 
contamination. These costs are shifted to ,those who have to rely on the 
contaminated ground water. The proposed financial assurance rules can be viewed 
as a means to require current resource users to pay for their use of a resource 
whose value is diminished (contaminated) by the facility. The WMI proposal to 
include conventional self-insurance would spread a risk premium throughout a 
national network of waste disposal sites. This means facility rates in 
Minnesota would not necessarily incorporate the risks incurred through site 
operations. Instead, rates at the Minnesota site could be raised or lowered by 
WMI's activities in other states and in enterprises other than solid waste 
disposal (hazardous waste management and nuclear waste management). This could 
unfairly impose risks on Minnesota facility users that properly belong to WMI's 
customers in other states. 

Facility users also have some equity concerns in this matter. Although 
WMI's response indicates the firm would pass on any cost savings to its 
customers, there is no guarantee that this would happen if conventional 
self-insurance provisions were included in the rules. The cost savings 
involved, if they are as great as WMI represents them to be, would amount to a 
tempting and easily gained windfall profit. Prudence suggests that the Agency 
should remove this temptation from the waste manager's path. 

If WMI does not pass on cost savings to its customers, the response letter 
says the firm wants to invest the cost savings that conventional self-insurance 
offers. The investment opportunity is research and development (R&D). Th-e firm 
wants to be able to control resources that should be dedicated to long-term care 
at a local landfill site and use those resources to develop new technologies. 

This assertion provides a clear argument for exclusion of conventional 
self-insurance. R&D investments are the riskiest class of investments that 
business makes. This is why R&D budgets are usually a very small part of 
business expenditures. This sort of activity is contrary to the goal of the 
financial assurance rules. This goal is the preservation of financial resources 
that will be needed in the future for ordinary facility maintenance or remedial 
action. 

WMI wants to use these resources, instead, to underwrite risky ventures. 
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Such ventures, if successful, will improve WMI's market position. If the 
ventures are unsuccessful, then the price of failure will have to be borne by 
WMI's customers and neighbors, since the firm will have used up its reserves on 
bad R&D projects. The more likely and safer course for WMI is to use the 
withheld resources to make direct purchases that will increase its share of 
local markets. 

The WMI proposal is to allow waste management firms to retain managerial 
control of reserves developed for long-term care at facilities. The 
conventional self-insurance provisions written into similar rules for hazardous 
waste facilities would meet WMI's goals. Such provisions would contradict the 
goals of the Agency's solid waste rules. Conventional self-insurance provides 
no control over the facility owner's or operator's use of financial reserves 
until those reserves are needed for work at the land disposal site. The normal 
self-insurance rule does not even require the facility owner or operator to 
report on how the withheld funds are developed or used. Instead, the 
cost-savings incurred through conventional self-insurance can be used to: a) 
reap windfall profits, b) expand market share through direct purchase of 
competitors' assets, or c) lower the risks of R&D expenditures. It is not 
reasonable to structure administrative rules so that they present competitive 
advantages to one segment-of the regulated community and shift risks from a 
facility owner or operator to the State. 

Conventional self-insurance is an unnecessary addition to the proposed 
rules. Other financial media allowed within the rules make it possible for 
facility owners and operators to keep control of their assets (bonds, letters of 
credit). There is a cost associated with these media, but this cost is minor in 
comparison with the size of the reserves required to meet long-term obligations. 
WMI makes no objection to this cost. Instead, the firm's objections refer 
strictly to the opportunity costs incurred if contingency action reserves must 
be placed in trust funds. The objections indicate WMI has not read correctly 
the proposed rules. WMI's goals can be met through the use of bonds or letters 
of credit. 

Other reviewers have argued that the rules should include conventional 
self-insurance provisions for public sector facility owners and operators. In 
Minnesota, about 60 percent of the mixed municipal solid waste (MMSW) land 
disposal facility permits are held by local governments. Those making this 
suggestion believe that since local governments cannot escape from their 
responsibilities, the need for financial guarantees is less strong. Local 
governments are unlikely to become bankrupt, they cannot run away. Moreover, 
local governments have tax powers which enable them to meet the costs of 
long-term care as they are incurred. 
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This suggestion considers the issue from an ideal perspective and ignores 
some troublesome realities. Local governments' tax powers are not unlimited. 
Assessment limits, levy limits, State and federal revenue sharing programs and, 
ultimately, the political attitude of the taxpayers constrain local, governments' 
revenue-earning potential. Although the budget and revenue constraints local 
governments face differ in nature from private firms' constraints, cost and 
income concerns still place ~trong limits on what local governments can do. 
This means that a local government facility owner or operator could also prove· 
unable or unwilling to finance the costs of long-term care. 

Most comments on this issue have been presented in staff meetings with local 
government officials. The officials argue that they do not believe a state 
agency will manage long-term care reserves in the interests of the.local 
governments. They believe the Agency will take funds developed locally and use 
them for work at other landfills around the State. A corollary to this argument 
is that the rules imply an insulting mistrust of local government officials. 

The financial instruments included in the·rules are structured to satisfy 
these objections. These instruments will be described in .detail below, but it 
is worth considering their general terms in this context. Much of the 
disagreement with local government officials arises because they believe the 
trust fund requirements will force local governments to pool their resources in 
a statewide fund. 

"The PCA has recommended that closure and post-closure money 
should be invested in the state trust fund," County Administrator 
Jim Tersteeg pointed out. 

"The county's position is we are responsible for the landfill 
and should control money set aside for it,'' he added. 

County Attorney Tom Simmons pointed out to the commissioners that 
no other state agency seeks to control local funds. Renville 
County, he continued, is only the second county to be approached 
in the PCA effort. 

There is no certainty that PCA will be able to secure a better 
return on the investment in the state trust fund, he told board 
members. Commissioners agreed that local investment of the 
money was also,of greater value to the county's economy. 

The board decided to present the issue at a district meeting of 
the Association of·Minnesota Counties to be held in Montevideo 
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Aug. 8, seeking support of other counties in resisting the PCA 
move. 

Reference 32. 

The proposed rules allow facility owners and operators to pool their 
' ' resources if they want to (see part 7035.2715). However, the proposed rules 

clearly do not require facility owners and operators to pool their resources in 
a statewide trust fund. Instead, facility owners and operators may choose any 
trustee from among those financial institutions in the State that are qualified 
to administer trusts. 

If local government officials prefer to retain control of reserved funds, 
they can choose from the surety bond or letter of credit options. The local 
government could thus set up a sinking fund in its budget that would remain 
under full local control. These media offer facility owners and operators a 
reasonable alternative to trust funds. 

A somewhat related argument from local officials is oppasition to a 
provision of the trust agreement included in the rules. 

Counties strongly oppose prov1s1ons ·of the draft rule that name 
PCA as legal beneficiary of local solid waste financial assurance 
trust funds. This is an infringement upon local control of 
locally collected revenues. Counties must retain the right to 
negotiate the types and costs of remedial actions needed to 
achieve the desired environmental standard. 

Reference 33. 

Again, the dispute focusses on the issue of local control of funds set 
aside for long-term care at land disposal facilities. ~e complaint results 
from an incomplete reading of the proposed rules. Surety bonds and letters of 
credit would offer local governments all of the control they want. 

There is a chance that local governments could lose control of their funds 
under surety bond or letter of credit arrangements. This could happen if the 
local government facility owner or operator refused to perform the work 
specified in the appropriate engineering plans. For example, assume that a 
local government facility owner or operator does not properly close ~ts site and 
that the facility owner or operator had executed a surety bond or letter of 
credit in compliance with the rules. The Commissioner would then draw on the 
instrument. The surety or bank would be required to make specified deposits 
into a standby trust fund. The Agency would use the trust fund to finance 
proper closure and long-term care at the site. The surety or the bank would 
then recover the amounts deposited from the facility owner or operator. The 
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local government facility owner or operator would lose control of its funds 
under these c;ircumstances, but only after it had made an explicit choice to not 
meet its responsibilities. Given such a refusal, it is unreasonable to allow 
such a facility owner or operator to keep control of set-aside funds when they 
are needed to care for the site. 

The statement cited above discusses negotiations as though they are a matter· 
of secure right. The argument cites no source for the origin of this claimed 
right. If the Agency were to recognize this claim and regularize it in the 
financial assurance rules, it would reduce the on-site engineering studies to 
the status of bargaining chips. The argument for negotiating rights assumes, in 
advance, that the.engineering studies are wrong. This is a most unreasonable 
solution to the problem of providing long-term care at land disposal facilities. 
If the findings of on-site engineering and hydrogeologic investigations cannot 
be trusted, then there is no point in planning facility development. The future 
becomes unknown and unknowable. The only course open to operators and the 
Agency then is to cover current costs and hope that the future will take care of 
itself. 

A more reasonable approach, embodied in the proposed rules, sets up a system 
under which: 

a). a1l parties agree on the engineering cost estimates developed in 
compliance with the proposed rules; 

b) periodic reviews inform changes in the cost estimates; and 
c) the cost estimates constrain the use of the reserved funds. 

This arrangement equally informs all parties of developments at the site 
from the current period until the end of the facility owner's and operator's 
postclosure responsibilities. The proposed rules put·in place an orderly and 
systematic development plan. This system will ease the transition from daily 
facility operatibns to postclosure care. It will also help bring more order to 
the process of implementing remediation at facilities. 

This orderly management system is much preferred and more reasonable than 
the process implied in which all matters are always negotiable. County 
governments do not lose chances to negotiate under the proposed rules. Rather, 
information sharing and planning will confine negotiations to their proper 
place, which is during the planning period .. The suggestion that local 
governments must retain some absolute negotiating right indicates that county 
governments want to be able to intervene.when plans are being implemented. 
Intervention would disrupt operations and prove costly. Orderly planning and 
implementation under the proposed rules are expected to conserve many scarce 



February 23, 1988 

-269-

resources- natural, financial and human. 
The self-insurance arguments various reviewers have made remain 

unconvincing. It is not reasonable to allow future obligations to remain 
unsecured. However, the request to allow self~insurance was strong enough that 
the Agency has developed a modification of customary self-insurance provisions. 
The modification consists of a security requirement that is added to the 
financial tests. Facility owners or operators who want to self-insure must 
first pass the financial test and then send securities to the Agency that will 
be held as collateral. 

This provision does not diminish the arguments against conventional 
self-insurance. The financial test fashioned on the EPA hazardous waste 
facility model remains invalid in the solid waste management sector. It cannot 

. be used in the solid waste management sector with the same confidence that it is 
used for hazardous waste facilities. However, the information provided in the 
tests will prove useful and necessary to the Agency in the analysis of 
securities' market values. The EPA model provides a further advantage, since 
its form and administration are familiar to both the Agency and the private 
sector firms that are likely to qualify for self-insurance. 

Security is the essenti~l difference between the facility owners' and 
operators'. suggestions and the Agency's proposed self-insurance alternative. 
Facility owners and operators suggest that they should be allowed to comply with 
the rules through the use of an unsecured I.O.U. The Agency's proposed 
self-insurance option requires facility owners or operators to provide security 
for the I.O.U. Compliance costs under the agency proposal will be slightly 
higher than under the facility owners' and operators' proposals. This is 
because firms and municipalities will incur some costs if they issue bonds. 
There will also be nominal charges incurred for the establishment of standby 
trust funds. Still, the Agency's self-insurance option will very likely cost 
less than the other financial assurance mechanisms. 

Self-insurance will also allow facility owners and operators to control 
their financial reserves. They will only lose control if they mismanage funds 
or choose not to comply with the rules. Self-insurance is described and 
discussed below in detail. 

Item A allows facility owners and operators to comply with "the rules through 
the use of self-insurance. This provision places two requirements on land. 
disposal facility owners and operators. First, facility o~ners and operators 
must demonstrate that they pass a specified series of financial tests, set out 
in item B. The measures that comprise the tests indicate the facility owner's 
or operator's current financial .strength and short-term prospects for continued 
financial stability. The finantial tests will help the Agency assess the market 
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value of the securities required in the second part of this item. 
The second part of this item requires facility owners and operators to send 

the Agency securities (bonds or warrants) that cqn be used as collateral for 
long-term care obligations. Since the securities must serve as collateral, they 
must have a value that is independent of the relationship between the Agency and 
the facility owners and operators. So, the kind of bond that makes a limited 
promise to discharge specified obligations cannot be used. This kind of bond is 
allowed under Illinois' financial assurance rules, for example. Owners and 
operators in Illinois can self-insure if they pass some financial tests and sign 
either an "Operator's Bond Without Surety" or an "Operator's Bond With Parent 
Surety.'' Both bonds have value only to the state agency. They cannot be traded 
or sold because they name the Illinois Department of Environmental Protection as 
the only possible recipient of payments under the bond. These bonds provide no 
added security to the state agency because they have no value to anyone other 
than the state agency. 

The bonds required under the proposed rules provide added security, at 
minimal added cost, because they have independent market value. They have value· 
because the issuer's obligation is to either the bearer of the bond or the 
registered bond holder. The bond can be transferred and, because of 
transferability, there is an active secondary market for bonds in which their 
value depends on both their specific terms and general economic conditions. The 
process of market valuation will be discussed more fully below. 

The warrants allo~ed under the proposed rules provide security because they 
are municipal obligations to pay specified sums. A warrant is different from a 
bond because it is not negotiable. Only the person named as payee can be paid 
by the municipal treasurer. A properly executed warrant is authorized by 
appropriate local fiscal and political officials and must be honored by local 
treasurers. 

The security requirement imposes on facility owners and operators a 
reasonable .performance incentive that is lacking in conventional self-insurance 
forms. The security requirement also gives the Agency reasonable assurance that 
there will be a way to pay for long-term care at facilities, even if facility 
owners and operators refuse to do the work. 

Item B describes the elements of the financial test. The proper goal of a 
private sector firm is profit. Financial reporting in the private sector is 
thus oriented toward prpviding information on profitability and returns on 
investment. The proper goal of a public sector facility is service. Public 
sector financial reporting has little to do with profit, since publ~c bodies are 
seldom managed for profit. Instead, public sector accounting provides 

'' information about the sources and uses of funds. Minnesota has a mixture of 
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private and public facility owners and operators. This means that different 
sorts of tests must be applied under different types of ownership status. 

Subitem (1) contains the elements of one of the financial tests for private 
sector facility owners and operators. These elements are taken directly from 
EPA rules covering financial assurance for hazardous waste facilities. The 
specific elements of the test are: 

(a) two of the following three ratios: a ratio of total 
liabilities to net worth less than 2.0; a ratio of the . . 
sum of net income plus depreciation, depletion and 
amortization (also known as cash flow) to total liabilities 
greater than 0.1; or a ratio of current assets to current 
liabilities greater than 1.5; and 

(b) Net working capital and tangible net worth each at least six 
times the current cost estimates for all owned or operated 
facilities; and 

(c) Tangible net worth of at least $10 million; and 
(d) Assets in the United States amounting to at least 90 percent 

of the owner's or operator's total assets and at least six 
times the current cost estimates for all owned or operated 
facilities. 

The test elements can best be considered as three subsets (Reference 34). 

"' ' 

Unit (a) contains the first subset, the financial ratios, which are most 
commonly used in financial analysis-for their predictive value. They provide 
measures of a firm's likely future that are normally valid, at least in th~ 

short term. Financial analysts have developed many ratio measures designed to 
provide different sorts of information. The ratios are needed because the basic 
financial statements do not, by themselves, provide enough information to make 
informed decisions. A business firm is a dynamic system and no single measure 
or value can provide a sufficient indication of the firm's health. As with all 
dynamic systems, the critical measures are not the dimensions of important 
variables. The more important information has to do with the relationships of 
these variables to each other and how these relationships compare with other 
systems. For example, the fact that a firm has millions of dollars in 
liabilities does not mean it has problems as long as its asset base is large 
enough to support the debt and finance continued operations. 

The second subset of tests, found in unit (b), consists of multiples of 
'. 

financial measures. These are the requirements that net working capital, 
tangible net worth and total assets be at least six times the amount of the 

. . 
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current cost estimates for all owned or operated facili.ties. The multiples are 
included in the test to prevent situations in which the size of the estimated 
costs involved overwhelms the business firm. A firm can have very good 
financial ratios and also have a very small asset base. A large cost estimate 
would very likely prove too expensive for the firm in such a case. 

Units (c) and (d) contain the third subset, which requires that net worth be 
at least $10 million and that assets held in the United States be either 90 
percent of total assets or 6 times the estimated costs. Net worth is the 
difference between total assets and total liabilities. It can be considered the 
same as owners' equity. This test is included as a bankruptcy protection 
measure. Smaller firms fail more often than larger firms. Size does not afford 
an absolute protection, but it has proven over time to matter quite a lot when 
it comes to private sector performance. 

The asset holding requirement is another bankruptcy protection measure. In 
bankruptcy proceedings, assets held in other countries are less accessible than 
assets held in the United States. This requirement minimizes the potential 
damage that could be caused by a private firm's liquidation or reorganization. 
The measure requires that substantial assets be maintained in the United States, 
where they will be more readily available to pay for needed work if a 
liquidation or reorganization occurs. 

The EPA performed extensive analyses to develop the final form of this 
financial test. The analyses evaluated over 300 candidate financial tests, 
which were comprised of various financial ratios and multiples. Each test was 
evaluated on its performance as measured from historical data. The EPA 
evaluated these tests according to two criteria: 

a) the percentage of eligible, nonbankrupt firms that pass the test; and 
b) the number of firms per 10,000 which pass the test and later become 

bankrupt. 

The EPA then evaluated a small group of the most effective tests; those 
tests which pas~ed the greatest percentage of eligible firms and passed the 
fewest number of firms which later became bankrupt. This time implementation 
cost was the single evaluative criterion. The test finally put into the rules 
proved to be the least costly of the effective tests. 

The selected test passed over 95 percent of eligible firms and also passed 
firms that later became bankrupt at a rate of nearly 10 per 10,000. Earlier 
discussion explained why these statistical findings have no validity in the 
solid waste management sector. However, this financial test can provide some 
very important information that the Agency will need to administer the 
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self-insurance rule. The bonds that provide the security that makes 
self-insurance possible will have market values that change from period to 
period. The financial strength and prospects of the issuer are important 
influences in setting market values. The financial ~nformation obtained through 
the test will give the Agency a reasqnable way to verify the market valuation of 
the bonds. Furthermore, the financial test will also provide the Agency with 
reasonable notice of any deterioration of a facility owner's or operator's 
financial condition. The details of market valuation will be discussed in an 
appropriate later section. 

Subitem (2) contains the elements of an alternative financial test for 
private sector facility owners and operators. This alternative test is also 
taken directly from EPA rules covering financial assurance for hazardous waste 
facilities. The specific elements of the test are: 

(a) a current rating for the facility owner's or operator's most 
recent bond issue of either AAA, AA, A, or BBB from Standard and 
Poor's or Aaa, Aa, A, or Baa from Moody's; and 

(b) tangible net worth at least six times the current cost estimates 
for all owned or operated facilities; and 

(c) tangible net worth of at least $10 million; and 
(d) assets in the United States that amount to at least 90 percent of 

the sum of the current cost estimates for all owned or operated 
facilities. 

Unit (a) requires that corporate bonds be rated at least "investment grade." 
The EPA confronted a problem in developing financial assurance rules for 
hazardous waste facilities. Some public utilities are regulated by these rules. 
Local public utility regulations often have a limiting effect on public 
utilities' liquidity positions, which figure importantly in the ratio values 
included in the private sector financial test. The EPA chose to rely, in part, 
on bond ratings set by firms with ldng experience in this area:, Standard and 
Poor's and Moody's. These firms rate bond issues with respect to their security 
as investments. Both rating systems use alphabetical codes. 

,. 
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KEY TO MOODY'S BOND RATINGS 

Aaa- Bonds which are rated Aaa are judged to be of the best quality. They carry 
the smallest degree of investment risk and are generally referred to as 
"gilt edge." Interest payments are protected by a l.arge or by an 
exceptionally stable margin and principal is secure. While the various 
protective elements are likely to change, such changes as can be visualized 

·are most unlikely to impair the fundamentally strong position of such issues. 

Aa- Bonds which are rated Aa are judged to be of high quality by all standards. 
Together with the Aaa group t.hey comprise what are generally known as high 
grade bonds. They are rated lower than the best bonds because margins of 
protection may not be as large as in Aaa securities or fluctuation or 
protective elements may be of greater amplitude or there may be other 
elements present which make the long term risks appear somewhat larger than 
in Aaa securities. 

A - Bonds which are rated A possess many· favorable investment attributes and are 
to be considered as upper medium grade obligations. Factors giving security 
to principal and interest are considered adequate but elements may be· 
present which suggest a susceptibility to impairment sometime in the future. 

Baa- Bonds which are rated Baa are considered as medium grade obligations, i.e., 
they are neither highly protected nor poorly secured. Interest payments and 
principal security appear adequate ·for th~ present but certain protective 
elements may be lacking or may be characteristically unreliable over any 
great length of time. Such bonds lack outstanding investment 
characteristics and in fact have speculative characteristics as well. 

Ba - Bonds which are rated Ba are judged to have speculative elements; their 
future cannot be considered as well assured. Often the protection of 
interest and principal payments· may be very moderate and thereby not well 
safeguarded during both good and bad times over the future. Uncertainty of 
position characterizes bonds in this class. 

B - Bonds which are rated B generally lack characteristics of the desirable 
investment. Assurance of interest and principal payments or of maintenance 
of other terms of the contract over any long period of time may be small. 

Caa - Bonds which are rated Caa are of poor standing. Such issues may be in 
default or there may be present elements of danger with. respect to principal 
or interest. 

Ca - Bonds which are rated Ca represent obligations which are speculative in a 
high degree. Such is~ues are often in default or have other marked 
shortcomings. 

C - Bonds which are rated C are the lowest rated class of bonds and issues so 
rated can be regarded as having extremely ·:poor prosp.ects of ever attaining 
any real investment standing. 
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STANDARD & POOR'S CORPORATE RATING DEFINITIONS 

A Standard & Poor's corporate or municipal bond rating is a current assessment of 
the creditworthiness of an .obligor with respect to a specific debt obligation. 
This assessment may take into consideration obligors such as guarantors, insurers, 
or lessees. 

The bond rating is not a recommendation td purchase, sell, or hold a security 
inasmuch as it does not comment as to market price or suitability for a particular 
investor. 

The ratings are based on current information furnished by the issuer or obtained 
by Standard & Poor's from other sources we consider reliable. We do not perform 
an audit in connection with any rating and may, on occasion, rely on unaudited 
financial information. The ratings may be changed, suspended, or withdrawn as a 
result of the changes in, or unavailability of, such information, or for other 
reasons. 

The ratings are based, in varying degrees, on the following considerations: 

I. Likelihood of default- capacity and willingness of the obligor as to the 
timely payment of interest and repayment of principal in accordance with the 
terms of the obligation. · 

II. Nature of and provisions of the obligation. 

III. Protection afforded by, and relative position of, the obligation in the 
event of bankruptcy, reorganization, or other arrangements under the laws of 
bankruptcy and other laws affecting creditor's rights. 

AAA - Bonds rated AAA have the highest rating assigned by Standard & Poor's to a 
debt obligation. Capacity to pay interest and repay principal is extremely 
strong. 

AA - Bonds rated AA have a very strong capacity to pay interest and repay 
principal and differ from the highest-rated issues only in a small degree. 

A- Bonds rated A have a strong capacity to pay interest and repay principal, 
although they are somewhat more susceptible to the adverse effects of 
changes in circumstances and economic conditions than bonds in higher-rated 
categories. 

BBB - Bonds rated BBB are regarded as having an adequate capacity to pay interest 
and repay principal. Although they normally exhibit adequate protection 
parameters, adverse economic conditions or changing circumstances are more 
likely to lead to a weakened capacity to pay interest and repay principal 
for bonds in this cate~ory than for bonds in higher-rated categories. 

BB - Bonds rated BB, B, CCC, and CC are regarded, on balance, as predominantly 

• • • f 
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speculative with respect to capacity to pay interest and repay principal in 
B - accordance with the terms of the obligation. BB indicates the lowest degree 

of speculation and CC the highest degree ~f speculation. While such bonds 
CCC -will likely have some quality and protective characteristics, these are 

outweighed by the large uncertainties or major risk exposures to adverse 
CC conditions. 

C The rating C is reserved for income bonds on which no interest is being 
paid. 

D - Bonds rated D are in default, and payment of interest and/or repayment of 
principal is in arrears. 

Bond Investment· Qu~lity Standards: Under present commercial bank 
regulations issues by the Comptroller of the Currency, bonds rated in the 
top four categories (AAA, AA, A, BBB·, commonly known as "investment grade" 
ratings) are generally re~arded as eligible for bank investment. In 
addition, the legal investment laws of various states impose certain ratings 
or other standards·for obligations eligible for investment by savings banks, 
trust companies~ ihsufarice companies, and fiduciaries generall~. 

Reference 35. 

A former president of Standard and Poor's provided more details on the 
factors that inform lh~ ~ciifngs: 

1. Issuing documents: ..• 'In determining a rating, the 
indenture is fat.less important than the company's 
earning power; financial resources, and property 
protection. t~i§ is not to say, however, that the 
indenture does not have a great bearing on the bond 
rating •.• ; 

2. Earnings: the past record and foreseeable potential 
are, in most cases; the single most important factor 
in credit rating. High levels of earnings frequently 
preclude liquidity problems because access to 
short-term cash needs can be readily accommodated. 
Remembering that bond ratings turn on timely repayment 
of principal and interest, strong cash.flows generated 
by high and continued earnings, combined with an 
adequate depreciation, depletion, and amortization 
policy'where applicable, contribute to a healthy plus 
factor to the determination of a bond rating. 

3. Asset protection: Asset protection generally is more 
important as a long-term consideration than as one 
influencing immediate liquidity. The analysis here is 
primarily statistical and, hence, highly objective. 
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Of primary interest are the ratio of its working 
capital to its debt; the ratio of its debt to its 
equity; and the ratio of its total net ·tangible assets 
to its debt. The relative importance of these major 
ratios depends on the typeof industry the company is 
in • • • • 

4. Management: Evaluating management is one of the most 
difficult chores a rating agency faces. But 
management is one of the most important facets of a 
successful operation. It is my opinion that the 
single most important reason for the failure of the 
Penn Central was the inability of its management to 
deal with its problems .••• 

5. Financial resources are, of course, the largest single 
area in which liquidity has a direct impact on 
long-term debt rating. In looking at the financial 
resources of a company, we are concerned not only with 
a company's cash position but also with its ability to 
obtain cash. This area of financial resources, which 
constitutes one of the five fundamental areas of 
investigation to determine long-term debt rating is 
the test of liquidity .••• Briefly stated, the 
financial resources we consider are those alternative 
sources of borrowing that a firm may use to raise cash 
for either long- or short-term debt repayment. They 
include the amount of cash reserves on hand including 
salable receivables; the short-term borrowing 
potential, particularly bank lines; the ability of the 
company to tap the long-term debt market, particularly 
at the time of its choosing; the ease with which the 
company could seTT stock; and the potential sale of 
assets obviously the weakest alternative. 

Reference 36. 
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Liquidity is an important factor in the financial test presented in subitem 
(1). That test makes use of cash flow, working capital and current asset values 
which are all liquidity measures. They provide an indication of a firm's 
ability to discharge short-term liabilities. These liquidity measures·are in 
the test because they add to the test's efficacy under s~atistical analysis. 
That is, EPA found that liquidity measures add to the predictive power of the 
overall financial test. 

However, the test is somewhat rigid in its emphasis on liquidity.· 
Conditions may arise ih which a financially sound firm may not meet the 
liquidity criteria of the financial test in subitem (1). In these 
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circumstances, a regulator or obligor may find that ready access to cash may 
substitute for actual cash in hand. (The Brenton Harris statement cited above 
makes this point in the second and fifth paragraphs.) Since bond ratings take 
access to cash into account, the bond ratings required under unit {a) will serve 
as a reasonable substitute for the liquidity criteria in the first financial 
test. 

Units (b), (c) and (d) retain the multiples and bankruptcy protection 
measures in subitem (1). It is reasonable to allow the alternative financial 
test because the alternative offers comparable security and may be needed by 
firms that cannot meet specified liquidity criteria. 

Subitem (3) contains the elements of the financial test for public sector 
facility owners or operators. Earlier discussion explained why public sector 
accounting practices do not allow the use of conventional private sector 
financial analyses. Fortunately, public sector financial reporting and 
statutory constraints provide alternative measures of financial performance. 
The specific elements of the financial test are: 

(a) a current rating for the facility owner's or operator's most 
recent bond issue of either AAA, AA, A, or BBB from Standard and 
Poor's or Aaa, Aa, A, or Baa from Moody's; and 

(b) a surplus of the net debt limit imposed by Minn. Stat. § 475.53 
over existing debt th~t exceeds the sum of the current cost 
estimates; and 

(c) current tax levies that do not exceed the levy limits imposed by 
Minn. Stat. § 275.51; and 

(d) a certification that foreseeable conditions in the coming year 
will not cause the facility owner or operator to not meet any of 
the first three criteria. 

Unit (a) describes bond rating criteria that are the same as the criteria in 
unit (a) of subitem (s). The EPA introduced the bond rating standards to 
provide a test that financially-strong utilities could pass. This test element 
can serve just as well for municipalities, which operate under even more 
constrained conditions because they do not compete in markets for profit. 
Rating firms analyze municipal bond issues with a care equal to that which they 
give corporate issues. The bond rating measures thus provide a reasonable means 
to verify market valuations.· 

Unit (b) requires that facility owners and operators maintain an excess of 
net debt limit over incur~e~ debt that equal; or exceeds the estimated costs of 
closure, postclosure care and contingency action. 
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Minn. Stat. ch. 475 places limits on the amount of debt municipalities can 
incur. Municipal net debt cannot exceed 7 1/3 percent of total assessed 
value. The statutory definition of net debt (Minn. Stat. § 475.51, subd. 4) 
excludes from·net debt the bonds that will be presented as security for 
self-insurance. However, this measure of the municipality's capacity to incur 
long-term debt still serves as a reasonable indication of the value of the 
security. If a municipality is at or near its debt limits, it could prove 
difficult for the county board or city council to approve the bond issues and 
enact the tax levies that will be needed to repay the debt incurred through the 
collater~l bond or warrant. Excessive debt conditions would lower the market 
value of the bonds. 

Unit (c) requires that levy limits be observed. Minn. Stat. § 275.51 limits 
the amount of taxes a municipality can levy. Taxes levied to pay for facility 
long-term care costs may be exempted from these limits. This measure is 
included as an indication of the municipality's ability to pay facility 
ownership costs. The reasoning is much the same as rationale presented for the 
net debt test. A municipality operating beyond statutory levy limits will 
likely have trouble refunding and paying for the new debt if the Agency has to 
sell bonds or present a warrant to pay for long-term1care. It is not reasonable 
to let a municipality in this position self-insure. The requirement provides a 
safeguard that the Agency will not be placed in ~position in'which it must 
allow self-insurance for a municipality that cannot afford to self-insure. 

Unit (d) requires a certification by an official of the elected body that 
holds the permit. Municipal governments have to make budget and revenue 
projections to manage their resources with the proper care. The proposed rules 
require facility owners and operators to demonstrate, through these. projections, 
that short-term changes wi 11 not cause the owners and operators to fai 1 the 
financial test. These demonstrations will have'to be certified as accurate by 
an appropriate local official. This requirement serves two purposes. First, it 
provides the Agency with further information on the facility owner's and 
operator's financial cbndition and ~respects. Second, it reminds local 
officials that their responsibilities are current and cannot be abandoned once 
they have Agency approval for their initial self-insurance demonstrations. The 
exerc i s.e of 1 ong -term care at f ac i 1 it i es wi 11 continue for many years. The . 
Agency and facility owners and operators· must develop stable patterns of ~har~ng· 
information in the interest of efficient long-term management. 

Item C specifies how facility owners and operators must demonstrate that 
they qualify 'for self-insurance. The demonstration consists of a series of 
written certifications. 

Subitem (1) requires a certification of reports. The first certification is 
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a let~er from an appropriate authority which reports that the facility owner or 
operator meets the criteria in the.financial test. The exact form of the letter 
is specified in another part of the rules. A letter from a private sector 
facility owner or operator must be signed by the firm's chief financial officer. 
A letter from a public sector facility owner or operator must be signed by the 
head of the public bodY that holds the permit. This provision makes an 
appropriate authority responsible for a very important action - that of 
reporting to a State agency that the financial data presented qualify the 
permittee to self-insure. The Agency must be assured that the data which inform 
its self-insurance decisions are accurate and reliable. 

Providing a standard form for the self-insurance demonstration minimizes the 
administrative burden of the rules for both permittees and the Agency. Facility 
owners and operators will not have to spend time devising their own letters and 
the Agency will not have to spend time reviewing idiosyncratic submissions of 
many facility owners and operators. 

Subitem (2) requires that the self-insurance demonstration letter be 
acc.ompanied by an analysis from an independent certified public accountant 
(CPA). The CPA's analysis must report on examination of the facility owner's 
and operator's latest financial statements. The report must certify that the 

\ 

financial statements were developed in accordance with generally accepted 
accounting principles (GAAP) and that they are a fair representation of the 
facility owner's and operator's financial condition. 

This requirement gives the Agency needed confidence in the data that inform 
an important decision. The burden of this certification is placed on a third 
party, the independent CPA, who has no interest in the outcome of the Agency's 
decision.- The CPA's sole interest is in the credibility of the analysis. The 
requirement also relieves the Agency of the need to review unaudited materials. 

Subitem (3) requires two special reports from the CPA. 
Unit (a) describes the requirements of the first report. ·The first special 

report must find that the data in the demonstration letter are derived from the 
independently audited, year-end financial statements and that there is no reason 
to adjust the data in the letter. This finding gives the Agency reasonable 
assurance of the quality of information used to demonstrate qualification for 
self-insurance. Some of the information provided in the letter usually is not 
reported separately in financial statements. This is true for the cash flow 
measure, for example. 

Unit (b) describes the requirements of the second report, which is a finding 
on the market value of the bonds presented as security. Bonds do not maintain 
their face value in secondary markets. This is because economic conditions have 
an effect on the worth of an issuer's promise to pay a specified amount on a 
specified date: 
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In understanding the bond market there are three main 
elements to consider: The price of the bond itself, 
the interest rate (or coupon rate) it pays; and your 
actual return on investment (yield). 

A bond is issued at a specific face value, generally 
$1,000, and a specific interest rate. An 8 percent 
rate means that you're entitled to 8 percent of 
$1,000, or $80 a year. Traditionally, bonds carried a 
page of coupons, each one entitling the owner to an 
interest payment; when payment date arrived, you 
clipped the coupon and exchanged it for cash at a 
bank. Nowadays, companies will mail your interest 
checks automatically, but the term coupon rate still 
survives. 

The general level of interest rates in the financial 
markets does not stay the same for the life of the 
bond. When business ,picks up, demand for credit 
rises, and the inflation rate increases, bond interest· 
rates also increase. When business slows, 
credit-demand eases, and inflation falls, bond rates 
decrease. In today's business climate, a company may 
be able to attract investors by offering bonds at 8 
percent, but tomorrow the going rate may be 
8 1/2 percent, or 7 1/2 percent. Changes in 
interest rates affect the market value of 
the bonds you already own. 

Assume, for example, that you own a $1,000 bond at 8 
percent, which means an interest payment of $80 a 
year. If long-term interest rates move up, the next 
bonds the company sells may come out at a coupon rate 
of 8 1/2 percent, or $85 a year. What does this do to 
the older bond? 

Its value will fall, from the $1,000 you paid for it to 
perhaps $960 on a thirty-year bond. The interest 
payment is still $80 a year, but $80 on a $960 
investment gives a return of close to 8 1/2 percent, 
which is the going market rate. The interest payment, 
as a percentage of the bond's current value, is called 
the current yield. 

If you sold your $1,000 bond for $960, you'd take a $40 
loss. The person who bought it for $960, held it to 
maturity, and turned it in for $1,000 would have a $40 
gain. The value of that gain is figured into the 
bond's market price. The total return to an investor-
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counting interest rate and gain (or loss) in price -
is called the yield to maturity. 

The rule, then, is that when interest rates rise, bond 
prices fall. But this is relevant only if you have to 
sell the bond before maturity. As long as you hold it 

.to maturity, you'll get your full investment back. 

Assume, now, that you own a $1,000 bond paying 8 
percent, or $80, and long-term rates fall. The next 
bonds that the company sells come out at a coupon rate 
of 7 1/2 percent, or $75 a year. What happens to the 
older bond? The value moves up - to around $1,035, 
because an $80 interest payment on $1,035 is close to 
7 1/2.percent, the current level of market rates. 

If you sold your $1,000 bond for $1,035, you'd have a 
$35 gain. The person who bought it at that price and 
held it to maturity would get only $1,000 when the 
bond was redeemed, a $35 loss. That loss is figured 
into the market price in calculating competitive yield 
to maturity. 

February 23, 1988 

The other part of the rule, then, is that when interest 
rates fall, bond prices rise. When a bond is selling 
at more than $1,000, it's said to be at a premium. 
When it's selling for less, it's at a discount. 
Anyone who holds his bond to maturity will be able to 
turn it in for face value. But if you sell before 
maturity, you may get more or less than you paid for 
the bond, depending on what has happened to interest 
rates since you first bought. 

Reference 37. 

Unit (c) addresses the market value of the bonds. The proposed rule 
requires that the CPA's report must find that the total market value of the 
bonds equals or exceeds the sum of the cost estimates. The Agency must know 
whether the security it holds is sufficient. An inrlependent CPA should develop 
the report because this protects the interests of both the facility owners and 
operators and the Agency. The CPA is a neutral person whose sole interest lies 
in making a credible, authoritative report. In most cases, neither the facility 
owners and operators nor the Agency should find cause to dispute the CPA's 
findings. 

Subitem (4) addresses self-insurance approval. Once self-insurance has been 
approved, the facility owner or operator is required annually to make revised 
self-insurance demonstrations. None of the conditions,reported in the 
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demonstration letter will remain the same. Both the Agency and the facility 
owner or operator must know how changing conditions have changed the value of a 
self-insurance demonstration. The Agency expects the annual self-insurance 
revisions to coincide with the annual cost revisions required under 
part 7035.2685. 

Subitem (5) establishes denial criteria. The Commissioner is required to 
disallow self-insurance under a specified set of circumstances all of which 
re 1 ate to the CPA Is reports. Those circumstances are:· 

an adverse opinion or a disclaimer of opinion; 
a qualified opinion; or 
an opinion that the owner or operator fails to pass the 
financial test. 

The American Institute of Certified Public Accountants has set standards as 
to what qualifi~d op1n1ons, adverse opinions, and disclaimers of opinion should 
say and when they should be issued. 

1. Qualified Opinion. 

A qualified opinion states that "except for" or 
''subject to'' the effects of the matter to which the 
qualification related, the financial statements 
present fairly financial position, results of 
operations, and changes in financial position in 
conformity with generally accepted accounting 
principles consistently applied. Such an opinion is 
expressed when a lack of sufficient competent 
evidential matter or restrictions on the scope of the 
auditor's examination have led him to conclude that 
(he) cannot express an unqualified opinion, or when 
the auditor believes, on the basis of his examination, 
that: 

a. the financial statements contain a departure from 
generally accepted accounting principles, the 
effect of which is material; 

b. ·there has been a material change between periods 
in accounting principles or in the method of 
their application; or 

c. there are significant uncertainties affecting the 
·financial statements, and he has decided not to 
express an adverse opinion or to disclaim an 
opinion. 
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Adverse Opinion. 

An adverse opinion states that financial statements do 
not present fairly the financial position, results of 
operations, or changes in financial position in 
conformity with generally accepted accounting 
principles. Such an opinion is expressed when, in the 
auditor's judgment, the financial statements taken as 
a whole are not presented fairly in conformity with 
generally accepted accounting principles. 

Disclaimer of Opinion. 

A disclaimer of opinion states that the auditor does 
not express an opinion on the financial statements. 
When the auditor disclaims an opinion, he should state 
in a separate paragraph(s) of his report all of his 
substantive reasons for doing so, and also should 
disclose any other reservations he has regarding fair 
presentation in conformity with generally accepted 
accounting principles or the consistency of their 
application. The disclaimer of opinion is appropriate 
when the auditor has not performed an examination 

. sufficient in scope to enable him to form an opinion 
on the financial statements. A disclaimer of opinion 
should not be expressed because the auditor believes, 
on the basis of his examination, that there are 
material departures from generally accepted accounting 
principles. · 

Reference 38. 
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A facility 01~ner or operator should not self-insure if a CPA's examination 
of financial statements indicates that the facility owner or operator either 
does not qualify for self-insurance or has submitted incorrect or insufficient 
data in support of the self-insurance demonstration. 

Subitem (6) allows the use of a corporate guarantee by parent corporations. 
The proposed rules allow a parent corporation to make the self-insurance 
demonstration on behalf of a subsidiary firm •. Part 7035.0300 defines a parent 
corporation as a cor~oration that has at least half the·voting stock of the 
owner's or operator's firm. This requirement allows facility owners and 
operators to take advantage of a'parent firm's size and financial strength. 

This subitem requires that the parent firm be the issuer of the bonds if the 
facility owner or operator chooses to use the corporate guarantee to make the 
financial assurance demonstration. This requirement expressly disallows cases 
in which parent firms meet the financial test and subsidiary firms issue bonds. 
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If the facility owner or operator chooses this option, all evidence and 
judgments will relate to the parent firm and its financial position. If the 
parent firm and the issuer are different, then none of the data submitted in 
support of self-insurance will matter in the determination of bond market 
values. Bond market values depend critically on assessments of the issuer's 
financial condition. The firm demonstrating financial. strength should issue the 
bonds. 

Guarantors must send the Commissioner a corporate guarantee in a form 
provided in another rule. The Agency must have valid proof of the guarantee and 
standard forms save all parties time and money. The terms of the guarantee are 
discussed in detail below. 

Unit (a) defines the essential elements of the guarantee. The guarantor 
must set up a trust fund, as specified in part 7035.2705, if the facility owner 
or operator fails to perform work described in the closure, postclosure care or 
contingency action plan. The guarantor makes a pledge very much like the pledge 
made by an independent surety, as specified in parts 7035.2725 and 7035.2735. 
This requirement effectively commits the guarantor, who takes on the 
self-insurance burden of proof, to the completion of required·work at a facility 
even though the guarantor does not hold the facility permit. The guarantor, in 
effect, takes on the financial responsibilities associated with the facility 
owner's or operator's permit obligations. 

Unit (b) provides for cancellation of the guarantee. The guarantor may 
cancel the guarantee. However; both the Commissioner and the facility owner or 
operator must receive notice of cancellation by certified mail. The 
·cancellation may not become effective until 120 days after the Commissioner 
receives the cancellation notice. This requirement enables a guarantor to 
cancel the guarantee agreement under specified conditions. The conditions 
protect the Agency's and the facility owner's or operator's interests. The 
advance notice gives the facility owner or operator time to establish a 
substitute financial assurance instrument. The notice lets the Agency know in 
advance that the facility owner or operator will 'be s1~itching financial 
instruments. 

Unit (c) provides a safeguard to make sure that cancellation of the 
guarantee will not lead to any gaps in financial assurance coverage. The 
guarantor must promise that, if the guarantor sends a notice of cancellation, 
the facility owner· or operator will establish a substitute financial assurance 
instrument within 90 day's after the Commissioner receives the cancellation . 
notice. If the facility owner or operator does not meet this obligation, the 
guarantor promises to provide the alternate financial assurance instrument. If 
the facility owner or operator reneges on this responsibility, the guarantor 
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remains liable for 30 days, under the terms of the guarantee, to discharge the 
facility owner's or operator's responsibility. This requirement prevents 
coverage gaps as a'result of guarantee cancellation. 

Item D presents necessary conditions associated with the bonds submitted as 
security for self-insurance. The first condition is that the bonds must be 
marketable. This feature was discussed in detail above. Marketability gives 
the bonds a current cash value that can be measured and compared with cost 
estimates. The marketable bonds can be converted readily into cash and used to 
pay for facility work that facility owners or operators do not perform. This 
gives the Agency the security needed to approve self-insurance. 

Another condition is that the total value of the bonds must at least be 
equal to the total value of the cost estimates. Bonds are issued in specific 
denominations, usually $1,000 or $5,000. This means that the total value of the 
bonds will only seldom equal the total value of the cost estimates. The 
requirement gives the Agency assurance that the security provided will be at 
least adequate to cover the estimated costs, should the need arise. 

Another condition requires the Commissioner to give facility owners and 
operators receipts for bonds received. The facility owners and operators and 
the Agency need to have good evidence of who has the bonds at qny given date. 

Another condition requires the Commissioner to give the bonds to the State 
' Treasurer for safekeeping. The Commissioner will deposit securities received 

with the State Treasurer, who will hold the securities until the Agency asks 
for them to be returned. The State Treasurer should hold the bonds because that 
office is equipped and empowered to perform this function. The Agency has 
neither the facilities nor the authority to hold valuable commercial paper. The 
securities will not be sold or submitted for payment unless a facility owner or 
operator proves ~nable or unwilling to pay for specified long~term care 
activities. 

Another condition requires private sector facility owners and operators to 
send bonds that are called unsubordinated debentures. A bond is a legal debt. 
It is the issuer's promise to pay the bond holder a fixed sum, with specified 
interest, on a specified date. The usual case involves a sale for the face· 
amount of the bond, annual or semi-annual installment payments of interest, and 
full repayment of the face amount when the bond matures on a specified date. 
Debentures are bonds that are not secured by _specific physical ·assets. The 
Agency will require debentures, rather than sesured bonds, because this places 
less strain on a firm's credit position. If the Agency were to require that 
bonds be secured, the private firm would not be able to borrow against the 
portion of asset value committed to the repayment of the bonds. 

The Agency requires that the bonds be unsubordinated because this places 
them in a position superior to subordinated debt. 
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The term "subordinate" means below or inferior. Thus, 
subordinated debt has claims on assets after 
unsubordinated debt in the event of liquidation. 
Debentures may be subordinated to designated notes 
payable - usually bank loans - or to any or all other 
debt. In the event of liquidation or reorganization, 
the debentures cannot be paid until senior debt as 
named in the indenture has been paid. Senior debt 
typicaTTy does not include trade accounts payable. 

Reference 39. 
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The-requirement that bonds be unsubordinated adds security to the facility 
owner's and operator's self-insurance demonstration but it does not add to the 
cost of compliance. 

The rules place no further restriction on the types of bonds private sector 
facility owners and operators present as security. Facility owners and 
operators may set interest rates and repayment schedules, subject only to the 
requirement that the total market value of the bonds must exceed the sum of the 
current cost estimates. 

Another condition requires public sector facility owners and operators to 
send registered municipal bonds that meet the requirements of Minn. Stat. chs. 
400 and 475. This requirement limits facility owners' and operators' options 
according. to the statutory constraints that apply to local governments' 
assumption of debt. 

Another condition relates to the terms of the bonds submitted. Recall that 
a bond is a promise to repay according to a specified schedule. A bond is said 
to mature when it comes time for repayment. Bonds can have different 
maturities. The bonds used as security for closure costs must mature two years 
after the scheduled closure date. The bonds used as security for postclosure 
care and corrective action must mature two years after the scheduled end of the 
postclosure care period. These dates are found in the plans required under 
parts 7035.2625 and 7035.2645. The proposed rules require this because it will 
take time to inspect sites and approve closure and long-term care operations. 
The maturity date requirements ensure that the bonds will be marketable until 
the specified dates. This means that the bonds will be available for sale in 
case anything goes wrong with closure or long-term care operations. The 
security is needed not just currently, but for some time after owners and 
operators complete the actions described in closure and long-term care plans. 

A final condition relates to bonds submitted by local governments. Minn. 
Stat. ch. 475 limits the maturities of municipal bonds to 30 years. A scheduled 
postclosure care period for a public sector facility owner or operator could 
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exceed 30 years. A public sector facility owner or operator in such 
circumstances could not comply with the rules. Subitem (3) makes a special 
provision for such cases. Public sector facility owners and operators who 
cannot issue bonds that will cover the required period(s) can send the Agency 
30-year bonds as an initial compliance measure. They must then make an annual 
substitution of new 30-year bonds until the maturities of the bonds are the same 
as the maturities required under subitems (1) and (2). 

An example will help illustrate how this provision works. Assume that a 
public sector owner or operator has a facility that is scheduled to close in 15 
years. This means that the facility's postclosure period will extend 35 years 
into the future (15 years of operations+ 20 years of postclosure care). The 
facility owner or operator can comply with subitem (1) by sending the Agency 
17-year maturity bonds as security for closure costs. But the facility owner or 
operator cannot comply with subitem (2) because State law limits municipal bond 
issues to 30 years. The facility owner or operator must send 30-year bonds as 
security for postclosure care and contingency action costs. The facility owner 
or operator must then, in the following. year, send substitute 30-year bonds. 
The bonds sent in the previous year will be returned to the facility owner or 
operator and security for the specified costs will be maintai.ned at appropriate 
levels. This substitution must occur each year until the maturities of the 
bonds sent to the Agency comply with subitem (2). This means seven years of 
substitutions in the assumed case. State law limits the maturities of bonds 
that municipalities i'ssue. This provision gives public sector owners and 
operators a way to comply with the rules within the constraints imposed by Minn. 
Stat. ch. 475. 

Item E presents the conditions necessary for warrants submitted under item 
A. Warrants differ from bonds. A warrant is a promise to pay a specified 
amount to a person designated as the payee of the instrument. However, a 
warrant is not a negot i ab 1 e i nstr.ument. It cannot be so 1 d in secondary markets, 
so it has value only to the payee. A warrant has no maturity date, so there is 
no need to 1~rite requirements for the terms of the warrant. This makes the 
conditions for warrants simpler than the conditions that apply to bonds. 

The first condition is that warrants sent to the Agency under these rules 
must comply with applicable statutes. The laws that apply to warrants are 
written in individual sections, depending on the type of governmental unit that 
writes the warrant. Statutes on warrants written by counties are found in Minn. 
Stat. chs. 383, 384 and 385. Statutes on warrants written by cities are found 
in chapter 427. Statutes on warrants written by towns are found in chapters 366 
and 367. This requirement specifies the statutory constraints that apply to the 
instruments public sector facility owners and operators may use as security for 
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specified costs. 
The other conditions on warrants are the same as the conditions placed on 

bonds. The warrants must equal or exceed in value the sum of the cost 
estimates. The Commissioner must give owners and operators receipts ·for 
warrants received. The Commissioner must send warrants to the State Treasurer 
for safekeeping until it is time to either return the warrants to the facility 
owners and operators or submit the warrants to a local.treasurer for payment. 
The rationale for these conditions is the same as for bond conditions described 
above. 

Item F requires that facility owners and operators who choose to self-insure 
must establish standby trust funds. The Agency imposes this requirement for the 
same reason that standby trusts are required of facility owners and operators 
who use letters of credit or surety bonds to comply with the rules. Briefly 
stated, the standby trust is needed to protect the interests of facility users 
and owners and operators. Any funds the Agency receives must be transferred to 
the State's general fund. There is no guarantee that the Agency will receive an 
appropriation for the same amount of money so that it can proceed to pay for 
operations that the facility owner or operator has not completed. The standby 
trust provides a reasonable means to handle money if it ever becomes necessary 
to sell bonds or submit warrants for payment. 

Item G describes the actions facility owners and operators must take if cost 
estimates change. Changes can be caused by physical e~ents at the fac4lity or 
by inflation. Facility owners and operators must make sure that the bonds or 
warrants they send the Agency continue to provide security that fully covers 
specified costs. 

Facility owners and operators have 60 days to make up the difference if cost 
estimates exceed the value of warrants or the market value of bonds. Facility 
owners and operators may choose to send bonds or warrants. They may also choose 
to use another allowable instrument to make up for any deficiencies in their 
financial assurance coverage. If facility owners and operators choose to send 
bonds, they must also send a CPA's report that the new bonds have a market value 
large enough to make up for the deficiency. 

Changes in cost estimates will occur. Facility owners and operators and the 
Agency must have ways available to adapt to changes. 

Item H describes the conditions under which bonds or warrants may be 
substituted. The rules must make provision for substitutions because, as 
discussed under Item D above, State law limits the maturities of municipal 
bonds. 

The rule requires that the new bonds or warrants have values equal to the 
bonds or warrants for which they are exchanged. A CPA's opinion on the market 
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value of exchanged bonds must accompany the substitution request. These 
requirements ensure that substitution will not lessen the security provided with 
the self-insurance demonstration. 

The rule requires the Commissioner to make the exchange when the facility 
owner. or. operator submits the request and the CPA's report. The rule a 1 so 
requires the Commissioner and the facility owner or operator to exchange 
appropriate receipts. The facility owners or operators and the Agency need to 
have good evidence of who has the bonds on any given date. 

Item I describes what facility owners and operators must db if the value of 
the cost estimates falls below the value of the security offered. Facility 
owners and operators who encounter. these conditions and have sent the Agency 
bonds must request that the Commissioner send them any bonds that provide 
security in excess of the cost estimates. Facility owners and operators who 
encounter these conditions and have sent the Agency a warrant must send the 
Agency a substitute warrant of a value equal to the revised cost estimates. 
Facility owners and operators seeking either action must provide documentary 
evidence in support of their requests. 

The Agency does not need security in excess of current cost estimates. This 
provision gives facility owners and operators and the Agency an orderly means to 
adjust financial assurance arrangements. 

Item J describes what facility owners and operators must do if they 
substitute another allowed financial assurance method for self-insurance. 
Facility owners and operators in these circumstances must provide the 
Commissioner with evidence that they have other authorized financial assurance 
mechanisms and that coverage by the substitute mechanisms is effective. These 
demonstrations must accompany the facility owners' and operators' written 
requests for return.of bonds or warrants sent to the Agency as security for 
self-insurance. These requirements ensure there are no coverage lapses if 
owners and operators switch from self-insurance to another mechanism. 

Item K describes the actions the Agency must take if facility owners and 
operators request that bonds or warrants be returned as provi~ed in items I and 
J. The Commissioner must act on these requests within 60 days. This 
requirement gives the. Commissioner's staff a reasonable amount of time to review 
the requests and supporting documents. 

Facility owners and operators must give the Commissioner receipts for all 
bonds or warrants returned. The Commissioner must have evidence that the 
facility owners' and op.erators' requests have received proper action. 

Requests submitted under items I and J can involve a number of 
circumstances. A set of subitems makes provision for these different 
circumstances. . \ 
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Subitem (1) applies to cases in which facility owners or operators request 
security returns because cost estimates have decreased • .If the facility owner 
or operator has sent the Agency a warrant, the ~djustment will involve 
substituting an appropriate warrant for the one held by the State Treasurer. 
The Commissioner must return the earlier warrant in exchange for the substitute 
warrant. If the facility owner or operator has sent the Agency bonds, the 
Commissioner is 1 i mited in the number of bonds that can be returned. Reca 11 
that bonds are usually issued in fixed denominations of $1,000 or $5,000. The 
Commissioner must take care that returning bonds does not cause a coverage.gap 
in the security provided. This could happen if, for example, the facility owner 
or operator asks for bonds to be returned because cost estimates have dropped by 
$27,000 and the bonds sent as security were issued in $5,000 denominations. 
(Assume for the sake of this example that the market value of the bonds equals 
their face value.) The Commissioner could not send back bonds with a total 
value of $27,000. The proposed rules limit the size of the return to amounts 
that are no greater than the difference for which the facility owner or operator 
seeks adjustment. 

Subitem (2) applies to cases in which the facility owner or operator makes a 
partial substitution of another financial assurance mechanism for 
self-insurance. If the facility owner or operator has sent the Agency a 
warrant, the adjustment will involve substituting an appropriate warrant for the 
one held by the State Treasurer. The Commissioner must return the earlier 
warrant in exchange for the substitute warrant. If the facility owner or 
operator has sent the Agency bonds, the Commissioner is, again, limited in the 
number of bonds that can be returned. In order to make sure (hat there are no 
coverage gaps, the Commis~ioner must only return bonds whose total market value 
is less than the coverage provided by the substitute financial assurance 
mec han i sm ( s) • 

Subitem (3) applies to cases in which the facility owner or operator makes a 
complete substitution of another financial assurance mechanism for 
self-insurance. In cases of this sort, the Commissioner must .return all 
warrants or bonds once it is determined that the substitute financial assurance 
mechanisms have become effective. 

Provisions for the various types of adjustment and substitution are made 
separately because the conditions that will require action are distinct enough 
that no general provision will serve. The Agency should not hold more security 
than is needed. However, the Agency must take care to make sure that no 
coverage gaps result from adjustments or substitutions. 

Item L addresses conditions under which the Commissioner must either sell 
bonds or submit warrants for payment. This provision is made to cover the 
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circumstances which make security requirements necessary. The Agency must have 
a way to finish needed work if, for example, an owner or operator proves unable 
or unwilling to close a site and maintain it for 20 years after closure. This 
provision make~ the security requirements of this rule effective. 

The Commissioner must have authorization from the Agency Board to sell bonds 
or to submit warrants for payment. The Commissioner can take this action only 
after issuing proper orders to a facility owner or operator and determining that 
the guarantor or the facility owner or operator has failed or refused to comply 
with the orders. This requirement gives guarantors and facility owners and 
operators administrative procedures that protect them from improper use of the 
Commissioner's authority. Guarantors and facility owners and operators who 
believe that conditions do not justify the sale of bonds or the payment of 
warrants can present their arguments to the Agency Board. Guarantors and 
facility owners and operators who appear before the Board may also present their 
arguments for contested case hearings. This administrative step provides 
guarantors and facility owners and operators a reasonable means to protect their 
interests. 

The Commissioner must also seek authorization to sell bonds or submit 
warrants for payment if a self-insured facility owner or operator or a guarantor 
fails to pass the apprppriate financial test. and, within 90 days of failing, 
does not establish an alternative financial assurance.mechanism. Ninety days is 

·a reasonable amount of time to allow facility owners and operators and 
' guarantors in their ~ffort to comply with the rules. They will have the 

experience of other facility owners and operators and guarantors to draw on if 
they need to find financial intermediaries. The search for an alternative 
compliance mechanism ~annat be allowed to extend indefinitely because this 
increases the risk that an accident or premature closure may occur while the 
security is inadequate for closure and long-term care. 

The Commissioner must have the proceeds of bond sales or payments made under 
warrants deposited in the standby trust fund. This fund is required because all 
Agency receipts must be transferred to the State's general fund, with no 
guarantee of an offsetting appropriation. The Agency will use any activated 
standby trusts as the means to manage funds dedicated to long-term care at 
facilities. This solves a money management problem because it protects the 
interests of all parties. Funds held in trust are owned by the trustee, not the 
beneficiary or the grantor. The terms of the proposed trust agreement call for 
any surplus funds to be returned to the grantor. 

Item M requires the-Commissioner to return any bonds or warrants held after 
a facility owner or operator is released from financial assurance 
responsibilities under other parts of the rules. The Agency has no need to keep 
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the securities after a facility owner or operator has properly discharged 
financial assurance responsibilities. 

11. Part 7035.2755 USE OF MULTIPLE FINANCIAL ASSURANCE MECHANISMS. 

This part allows the facility owner or operator to comply with the rules by 
using more than one financial mechanism. Facility owners and operators can use 
any combination of trust funds, letters of credit, self-insurance, or surety 
bonds that guarantee payment into trust funds. The instruments must conform to 
applicable sections of the rules. This provision is included as a means to help 
facility owners and operators manage changing circumstances. For example, if a 
facility owner or operator has a bond or a letter of credit and a short-term 
condition arises ~hich changes a cost estimate the surety or bank· may· not want 
to extend the terms of its agreement on short notice. The facility owner or 
operator may use this provision to find another instrument or alter an existing 
instrument so that the total of the financial mechanisms once again complies 
with the rules. This provision gives needed flexibility to the facility owners 
and operators without compromising the goals of the rules. 

The list of available instruments excludes the surety bond that guarantees 
performance. If there is a case of default, combining a performance bond with 
funds derived from other instruments would become extremely complex. Other 
instruments are available to allow facility owners and operators the range of 
choice they will need. 

If the facility owner or operator chooses to use more than one financial 
instrument, the combined value of these instruments must equal the sum of the 
current cost estimates. The Agency must make sure that the instruments afford 
complete coverage of the costs involved. 

If a trust fund is used in combination with ot_her instruments, it can serve 
as the standby trust for the bond or letter of credit. A single standby trust 
can be used for two or more instruments. This provision helps the facility 
owners and operators hold down the costs of compliance. 

The Commissioner is not restricted in the use of financial instruments to 
accomplish closure, postclosure care or contingency action. Any other 
arrangement would require setting an order of priority among the various 
instruments. Given such a priority ranking, disputes could cause needless 
delays while conditions at the site get worse. This provision ailows the 
Commissioner to act quickly to correct emergency conditions. The Commissioner 
should then have the widest possible range of choices for action. 
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12. Part 7035.2765 USE OF A FINANCIAL MECHANISM FOR MULTIPLE FACILITIES. 

This part allows owners and operators who have more than one facility to use 
a single financial instrument to cover all sites. The face value of that 
instrument must equal the total value that would result if all sites had been 
covered by individual instruments. For example, if an owner or operator has 
three sites and the sum of the current cost estimates is $500,000 at each site, 
then a single letter of credit for $1.5 million can be used to cover all three 
sites. 

Owners and operators who choose this option must identify the facilities 
covered and the ex tent of coverage for each fac i 1 fty. This is to 1 et the 
Commissioner know the limits to which the instrument can be used for each site. 
The Commissioner must know these limits because the rules constrain the use of 
the instrument to only the amounts.specified for coverage at each site. 
Referring again to the previous example, the rules would allow the Commissioner 
to draw on credit of $500,000 at each site. This· precaution will help avoid 
situations in which the users of one site get billed for costs incurred at 
another site. 

13. Part 7035.2775 RELEASE OF OWNER OR OPERATOR FROM FINANCIAL REQUIREMENTS. 

As noted in ear 1 i er discussion, there wi 11 come a time when there will be no 
need for financial assurance at the facility. The. facility owner or operator 
should be released from financial assurance responsibilities at this time. This 
part sets the conditions for such a release. The releases come in three parts. 

Subpart 1. Release from clo?ure requirements. This subpart deals with the 
facility owner's or operator's release from financial responsibility for closure 
costs. Owners and operators must certify that the facility has been closed in 
accordance with the closure plan. An en~ineer registered in Minnesota must also 
make the same certification. These certifications must be sent to the Agency. 
This provision commits the facility owner or operator and the engineering 
consultant to a statement that the facility has been closed in accordance with 
the applicable rules and permit conditions. The certification clearly 
establishes responsibilities for the work done. Without such certification, 
responsibilities would become ambiguous, a condition which could, in turn, lead 
to unnecessary and costly delays. 

The Agency has 90 days in which to send the facility owner or operator a 
written release from the financial assurance responsibility for closure. This 
90-day period has the same function as the 90-day review period allowed for 
reimbursement approvals under trust fund arrangements. The Agency staff needs 
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this time to inspect the site and make sure that the certifications are 
accurate. This requirement provides the Agency-the time needed to make sure 
that the she has been properly closed. 

The rules do not require th·at the Agency release the facility owner or 
operator from financial assurance responsibilities. If the Agency has reason to 
believe that the site has not been closed in accordance with the closure plan, 
the Agency can continue to require that the facility owner or operator provide 
financial assurance for closure. Closure work improperly done will have to be 
done over. Responsibility for mistakes correctly lies with the facility owner 
or operator and the project contractor. This requirement provides an incentive 
to complete closure properly the first time. 

Subpart 2. Release fr'om postclosure requirements. This subpart establishes 
conditions for the release of facility owners or operators from financial 
responsibility for postclosure care. When a facility owner or operator has 
completed all postclosure care requirements, the facility owner or o~erator must 
send the Agency a written request for release from financial assurance 
requirements for postclosure care. 

The Agency has a 90-day· period in which to review the request. If the 
Agency determines that the facility owner's or operator's postclosure care 
activities have been in accordance with the postclosure care plan, then the 
Agency will send the facility owner or operator a written release from the 
financial assurance requirement. The Agency does not have to authorize refease 
if there is reason to believe that the work has not been done according to the 
postclosure care plan. The rationale for this provision is the same as that 
provided for subpart 1. 

Subpart 3. Release from corrrective action requirements. This subpart 
establishes conditions for the release of a facility owner or operator from 
financial responsibility for contingency action. The 90-day review period in 
this subpart relates to either the end of the postclosure care period or the end 
of a contingency action project. The Agency must, within this time period, 
release a facility owner or operator from contingency action financial assurance 
requirements, if the Agency determines that all work has been done in accordance 
with the contingency action plan. The Agency does not have to grant the release 
if the work does not accord with the contingency action plan. The rationale for 
these provisions is the same as that provided for subpart 1 above. 
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14. Part 7035.2785 USE OF A SINGLE MECHANISM FOR FINANCIAL ASSURANCE OF 
CONTINGENCY ACTION, CLOSURE AND POSTCLOSURE CARE. 

This part allows facility owners and operators to use a single mechanism as 
financial assurance for all applicable costs. The instrument and its 
administration have to conform to all applicable rules. The funds available 
through the single mechanism must equal the sum that would be available if the 
facility owner or operator were to use separate instruments. This provision 
allows facility owners and operators to save administrative costs. A single 
instrument intended for multiple use will cost less than three separate 
instruments intended for specific uses. 

15. Part 7035.2795 INCAPACITY OF OWNERS OR OPERATORS, GUARANTORS, OR 
FINANCIAL INSTITUTIONS. 

This part describes the facility owner's or operator's obligations if 
bankruptcy occurs. The Agency, as regulator and, in some cases, as beneficiary 
of financial instruments, will have important interests to maintain if either 
the facility owner or operator or one of its financial intermediaries fails. 

Bankruptcies occur because business firms cannot pay their debts. 
Bankruptcy proceedings are usually referred to according to the chapter of the 
federal Bankruptcy Code under which they are initiated. Chapter .7 proceedings 
involve complete liquidation of a firm's assets. Creditors in these cases are 
reimbursed from the distribution of the bankrupt's property. Chapter 11 
proceedings involve debt reorganization, in which the bankrupt presents 
creditors and the Court with a plan that will allow repayment'of some or all of 
the debt out of future earnings. 

The standing of State environmental agencies in bankruptcy proceedings is 
uncertain (References 40 and 41). The Bankruptcy Code is designed to give 
debtors a fresh start, while at the same time protecting the interests of 
creditors. This goal can conflict strongly with environmental protection goals. 
If a facility owner or operator begins bankruptcy proceedings, the Agency should 
be notified so that the Agency can take an active part. The Agency's interests 
in such cases will be substantial, since the outcome may determine whether 
needed work will be done at the site. 

Subpart 1. Notification of bankruptcy. The facility owner or operator must 
notify the Commissioner within ten days after bankruptcy proceedings have begun 
in which the facility owner or operator is the bankrupt. The notice has to be 
sent by certified mail. This provides the Agency with reasonable notice of a 
legal proceeding that 1~ill have an important impact on the facility. 
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Subpart 2. Incapacity of financial institutions. If the financial 
intermediary chosen by the facility owner or operator becomes bankrupt or loses 
authority to conduct business, the facility owner or operator is considered to 
be without financial assurance. The facility owner or operator in such cases 
will have 60 days to find another intermediary and execute acceptable financial 
instrument. This provision reasonably ensures that coverage at the ·site will 
not lapse. 

16. Part 7035.2805 LANGUAGE REQUIRED FOR FINANCIAL INSTRUMENTS. 

This rule provides facility owners and operators with the exact language 
they must use to execute financial instruments which are acceptable to the 
Agency. The rationale for this provision has been considered before, but it 
bears repea~ing here. Requiring standard language in financial media extends 

·equitable treatment to all facility owner~ and operators. Each facility owner 
or operator will know the other owners' or operators' choices. No one facility 
owner or operator wi 11 be able to craft an agreement that provides an advantage· 
over competitors. 

The use of standard language will also help minimize the costs of 
compliance. The Agency will spend less time reviewing standard documents than 
it would spend analyzing nonstandard documents. Facility owners and operators 
will also benefit since they will not have to spend time composing language for 
financial instruments. Financial intermediaries will also benefit from 
consistent language that conforms to standard practice. The language in each 
document is consistent with standard business practices in the State of 
Minnesota. 

This rule promotes equitable treatment of all facility owners and operators 
and m1n1m1zes some compliance costs. 

Subpart 1. Trust agreement. This subpart gives facility owners and 
operators the language they must use if they choose to develop trust funds or if 
they establish a standby trust in connection with other instruments. The rule 
instructs facility owners and operators to include appropriate language for 
descriptive terms (names, titles, etc.) that are written between brackets in the 
model. This provision tells facility owners and operators how to adapt the 
instrument to their individual needs. 

The introductory section of the trust agreement provides basic information 
that is needed to make the contract enforceable. The instrument is dated and 
all parties to the contract are named and described. The facility owner.or 
operator who will make deposits into the fund is referred to as the grantor; the 
facility owner's and operator's chosen trustee is referred to as simply the 
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trustee. 
The introductory section also describes the conditions that have caused the 

grantor and the trustee to enter into the contract. These conditions are: 

a) the Agency's adoption of rules requiring the owner or operator 
to demonstrate the ability to meet specified costs; 

b) the owner's and operator's choice of a trust fund as the means to 
comply with the referenced rules; 

c) the owner's and operator's choice of trustee; and 
d) the trustee's willingness to enter into the contract. 

After the introduction, named sections describe the specific conditions of 
the contract.· 

Section 1. Definitions. This section describes the parties to the contract 
in the words they are referred to in the.body of the agreement. The facility 
owner or operator is defined as grantor, the trustee is defined as trustee and 
the Agency is defined as beneficiary. 

These three parties must be identified if a trust is to be enforceable. The 
last definition is one that has caused some concern among local government 
officials. The Association of Minnesota Counties (AMC) stated this concern in 
its 1987 legislative platform. 

Counties strongly oppose prov1s1ons of the draft rule that name 
the PCA as legal beneficiary of local solid waste financial 
assurance trust funds. This is an infringement upon local 
control of locally collected revenues. Counties must retain the 
right to negotiate the types and costs of remedial actions needed 
to achieve the desired environmental standard. 

Reference 42. 

The parties named in a trust must be distinct. That is, a grantor cannot 
serve also as trustee and gran_tors and trustees cannot be beneficiaries. The 
grantor must receive surplus funds when the trust dissolves. This is a 
provision of the rules. However, the grantor cannot benefit from the trust 
while the trust is active. 

The Agency's status as beneficiary has very specific constraints. The 
Agency's control of funds extends only to releasing the funds for reimbursement. 
Normally, proper expenses incurred at the site will be reimbursed from the trust 
fund after the facility owner or operator satisfies the Commissioner that work 

-at the site was done properly and the expenses were appropriate. The Agency 
will never receive any money from the· trust. 
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The Agency's beneficiary status and, indeed, the trust fund mechanism itself 
are needed because facility owners and operators may prove unable or unwilling 
to pay for required work at a site. This has happened with both private sector 
and public sector facility owners and operators. It is worth noting her~ that 
only one private sector facility owner or operator has objected to the Agency's 
beneficiary status. The designation of the Agency as beneficiary enables the 
Agency to have a way to accomplish needed work at sites if facility owners and 
operators prove uncooperative. The means chosen to accomplish this end do not 
infringe on local government control, since the decision to rely on the trust is 
voluntary. Facility owners and operators who object to the Agency's status and 
control may choose one of the other financial media, which leaves them in full 
control of funds. 

The negotiating rights defended in the AMC statement are more claimed than 
real. There is little doubt that local governments may want to intervene in any 
stage of a remediation project. The question is whether allowing this 
intervention is proper or sensible. The appropriate time to negotiate is during 
the development of the engineering plans and cost estimates. Once the plans are 
approved by all interested parties (owners, operators and the Agenc.y), there is 
no further need for negotiation unless new technology is developed. Site 
development and financial management can proceed_ in an orderly fashion, with 
everyone sharing the information needed to make cost evaluations. When 
specified actions are needed, the appropriate plans can guide both the facility, 
owner or operator and. the Agency through every foreseeable contingency. 

A more pragmatic concern is whether- the exercise of the claimed negotiating 
rights makes financial sense. Oelays in project implementation can prove very 
costly. Administrative processes can be stopped but physical events will not 
wait because a facility owner or operator wants to investigate a cheaper 
alternative treatment process. Administrative charges can also mount up if the 
site qualifies for superfund action. Cases of this sort incur negotiating costs 
not only from charges billed by the facility owner's and operator's 
representative, but also from the Agency. The Agency has to recover its 
administrative costs from responsible parties. 

Given the general inappropriateness of negotiating late in remedial action 
and the costs implicit in such delays, it is reasonable to expedite the process 
and confine negotiations. to the plan development stage. 

Section 2. Identification of Facilities and Cost Estimates. This section 
further defines the scope of the trust agreement. Detailed specification serves 
all interests because it clarifies the rights and duties of all parties. An 
attachment (Schedule A) required by this section will describe in detail the 
facility or facilities covered by the agreement and the amount of long-term care 
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costs to be covered under the agreement. 
Section 3. Establishment of Fund. This section describes how the trust 

fund is to be set up and developed. 
The facility owner or operator and the trustee agree that they do not want 

any third party to have access to the fund except as specif~ed in the contract. 
This provision is written to provide protection for the fund in the event that 
either the facility owner or operator or the trustee fails. This statement of 
intent secures the fund's assets against creditors' claims under bankruptcy 
proceedings. The Government Accounting Office (GAO) has researched the question 
of bankruptcy and environmental regulation. Reference 31. The GAO found that 
bankruptcy has given responsible parties an escape route by which to avoid 
compliance with environmental regulations. State authorities seeking to compel 
remedial action have had little success in securing the assets of a bankrupt to 
pay for cleanup actions. These cases demonstrate both the need for and reaso
nableness of provisions designed to protect funds reserved for long-term care at 
f ac i l it i es . 

The wording of the grantor's and trustee's intent also provides facility 
owners and operators with some of the protection that they indicate are needed. 
This phrase in the contract can be considered as a binding limitation on the 
Agency's use of reserved funds. Later parts of the contract specify the 
Agency's role in this agreement. The language on intent prohibits the Agency 
from using reserved funds unless the situation conforms to circumstances 
described in the contract. 

An attachment required by this section (Schedule B) will describe in detail 
the initial financing and scheduled development of the trust fund. The fund is 
described as consisting of any initial deposits plus future deposits plus 
earnings and interest on earnings less any payments or distributions made by the 
trustee. This provision makes it clear to all parties how the fund's balances 
will be determined. 

A final provision specifically relieves the trustee of duties which are 
properly exercised by the Agency. These duties consist of following the 
facility owner's or operator's compliance with the rules, e.g., checking to see 
that fund balances are adequate to meet future needs and that payment rates are 

I 

correct. These duties properly belong with the Agency, which has the data and 
experience needed to accomplish the tasks. It would be unreasonable to require 
trustees to do work that the Agency can and should do. 

Section 4. Payment for Contingency Action, Closure and Postclosure Care. 
This section describes the conditions under which the trustee can release funds 
for use at the site. The trustee will only release funds in response to a 
written order from the Commissioner. The uses of these released funds are 
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written order from the Commissioner. The uses of these released funds are 
limited to payment for contingency action, closure or postclosure care expenses 
incurred at the facilities described in the agreement. This language provides 
owners, operators and the Agency with assurance that the funds will not be spent 
for purposes other than those specified in the site's engineering plans. 

The Commissioner is required to specify who is to receive reimbursement. It 
may be the grantor. It may also be a contractor who has conducted work at the 
site. Contractors may become involved if a facility owner or operator refuses 
to do the required work. This provision gives the trustee the ability neede~ to 
perform required duties under these circumstances. 

The agreement also allows the trustee to make refunds to the grantor. This 
need could occur if fund balances become greater than needed. Changed 
conditions could cause requirements to decrease. If the fund is larger than 
needed, there is no reason to retain the excess. Any surplus should be returned 
to the grantor. 

Section 5. Payments Comprising the Fund. This section restricts payments 
into the fund to the forms the trustee is willing to accept. Cash is 
acceptable. Trustees may not want to accept all kinds of securities. The 
trustee's fiduciary responsibilities bias investment strategies toward 
conservation. Many types of securities are too risky to be considered as 
qualifying payment into the trust. They could lose value once they become part 
of the fund,_ causing a disruption in the orderly development of the fund. 
Trustees can assess the risk of investments, so the contract reasonably allows 
trustees to refuse securities they consider risky. 

Section 6. Trustee Management. The introduction to this section describes 
legal constraints usually referred to as the prudent man rule. This provision 
limits the investment strategies that trustees may use. The limitations favor 
conserv·ative investments. Such constraints are proper and reasonable because 
neither growth nor income is an appropriate goal for these trust funds .. 
Instead, the trustee's goal should derive from' the facility owner's and 
operator's need to make sure that all the funds set aside for long-term care 
will be available when they are needed. This means the trustee should not 
invest funds held in trust on risky ventures. Conservative investments and 
management are more likely to maintain the integrity of reserved funds. 

Specific prohibitions and authorizations are added to encourage fund 
conservation. 

a. The trustee is not allowed to accept securities or notes from the 
grantor as payments into the fund. This would amount to accepting 
a liability rather than an asset. The fund would then have a 
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promise from the grantor to pay the value of the note or security. 
Trustees are allowed to place funds in checking accounts (demand 
deposits) and savings accounts (time.deposits). Trustees may need 
to do this from time to time so that they can make business 
transactions. However, these deposits are limited to the amount 
insured by the Federal Deposit Insurance Corporation (FDIC). The 
FDIC insures deposits from a single depositer in a single bank up 
to $100,000. This limit is consistent with other conservative 
restrictions placed on the trustee's management of funds. 
Trustees are allowed to hold cash from the fund for short periods of 
time, if they need to do this to make investments or disbursements. 
Trustees are not liable for interest earnings in these circumstances. 
This provision is written to give trustees enough discretion to 
carry out routine transactions with ease. 

Section 7. Commingling and Investment. This section allows trustees to add 
assets developed by the grantor to assets from other trusts to form larger, 
collective trusts. Section 6 constrains the extent of activities within the 
limits of the prudent man rule. This section enables trustees to take advantage 

·of scale ecoriomies in investment. Brokerage.fees on investment transactions 
vary with the size of the transaction. Large purchases or sales incur smaller 
fees, not in total, but on a unit basis. These savings can reduce 
administrative charges, which will allow more earnings to be retained in the 
trust funds. There are enough trustees in the region to make it reasonably 
certain that no single trustee will be able to pocket such savings as windfall 
profits. Trustees can get other advantages from increasing their scale of 
6perations. Larger trust funds enable trust managers to diversify investments 
in ways that minimize risk and maximize returns. The results of this 
optimization process improve as the size of the fund invested grows. 

This section thus reasonably gives trustees the ability to better manage 
trust funds. The flexibility gran~ed to trustees under this section helps to 
lower administrative costs, decrease risk and increase returns. 

Section 8. Express Powers of the Trustee. This section provides further 
specification of the actions and judgments conferred on the trustee. This 
section does not limit any of the other provisions of the agreement. Rather, it 
provides all parties to the agreement with a more detailed description of the 
trustee's normal management activities and responsibilities. The provisions of 
this section empower the trustee to make normal market transactions with the 
properties held in trust. This section also releases the grantor from any 
obligation to oversee the daily operations of the trust. This provision 
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reasonably defines the responsibilities of the trustee with respect to routine 
financial management. 

Section 9. Taxes and Expenses. This section makes provision for the 
ordinary expenses incurred through the formation and operation of the trust. 
Taxes assessed to the trust are to be paid from the fund. The question of 
taxation has come up several times during discussion of the proposed rules. The 
Agency staff has sought an opinion from both the Internal Revenue Service and 
the Minnesota Department of.Revenue. Neither Agency has yet given an opinion on 
the question of whether trust fund earnings should be taxed. If the taxing 
agencies decide that trust fund earnings are taxable, the fund will pay these 
taxes. 

This prov1s1on also makes it clear that the trustee should recover all 
reasonable administrative costs from the fund, if not paid by the grantor. The 
Agency .expects that trustees will be paid directly from the fund. The expenses 
described are properly assessed against the fund, since it is the fund that 
incurs the expense. 

Section 10. Annual Evaluation. This provision requires the trustee to·mak~· 
annual reports on the financjal condition of the trust fund. The trustee will 
send these reports to the facility owner or operator and the Commissioner, who 
will both need to know how the fund is doing to see whether it will be large 
enough to meet the estimated costs. The trustee is required to use current 
market data in evaluating securities. This provision ensures that decisions 
made by the Agency and the facility owner or operator will be based on 
reasonably current data. 

The grantor is given 90 days in which to contest the trustee's valuations. 
If the grantor does not send a written objection to the trustee within 90 days, 
it is understood that the trustee agrees with the evaluation. This provision 
makes the process of fund evaluation more manageable for both the facility owner 
or operator and the trustee. Both parties know what. they must do and when they 
must do it. 

Section 11. Advice of Counsel. This provision makes it clear that the 
trustee has an option to seek independent legal advice. This provision is made 
more for the information of the grantor than to protect any right of the 
trustee. The grantor is mad~ aware that the trustee may seek outside advice o~ 
interpretations of the duties and responsibilities defined in the agreement. 

If the trustee acts on independent legal advice, the trustee is protected to 
the fullest extent allowed under the law. This provision makes the trustee's 
legal rights explicit within the agreement. 

Section 12. Trustee Compensation. This provision informs facility owners 
and operators that the trustee is entitled to paynent for service. It also 
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places a limit of reasonableness on compensation. This is another provision 
that makes explicit ordinary rights and duties. It helps to make sure that all 
parties know their commitment when entering into the agreement. 

Section 13. Successor Trustee. This section describes how one trustee 
resigns in favor of another trustee. The process set up is deliberate and 
orderly. No transfer may occur until a successor trustee accepts the 
appointment. Transfers are required to include all currently-held funds and 
assets. 

There may be occasions in which a facility owner or operator will take no 
action when a trustee presents a resignation notice. The agreement makes 
explicit provision for such cases. The trustee is allowed under these 
circumstances to request that a court either assign a successor trustee or 
provide the current trustee with other instructions. This provision gives all 
parties reasonable assurance that this situation can be resolved and that 
funds will continue to be available for long-term care even if the current 
trustee wants to be released from the contract. 

The Commissioner, the facility owner or operator and the current trustee 
will receive certified notice of the date on which the successor trustee will 
assume responsibility for the trust. The successor trustee must send these 
notices at least ten days before the effective date. This provision ensures 
that there will be no gap in the coverage that the trust funds provide for 
qualified expenses. 

A final provision specifies that the fund will pay for transaction costs 
incurred in transfers from one trustee to, another. This provision is included 
to make sure that all parties understand that transfer costs are considered as 
ordinary costs reimbursable in the same way as taxes and other expenses. 

Section 14. Instructions to the Trustee. This section limits the trustee's 
duties and responsibilities to those written either in the trust agreement or 
transmitted by the appropriate authority. This provision gives the trustee 
protection from expectations that the trustee respond to informal or unspecified 
instructions. The trustee's main responsibilities will be financial management 
and disbursement. These responsibilities are important enough that there should 
be little or no room for error in the intepretation of instructions. This 
eliminates the errors that may arise in following verbal instructions. 

Section 15. Notice of Nonpayment. This provision requires the trustee to 
notify the Commissioner if a facility owner or operator misses a scheduled 
payment. The Commissioner will need this notice to determine whether facility 
owners or operators are complying with the rule. If a facility owner or 
operator misses a payment, enforcement measures in accordance with part 
7035.2705, item K begin. Discussions with trust company officials indicate that 
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they believe this is a reasonable requirement and will not impose a burden on 
trustees. 

Section 16. Amendment of Agreement. This section makes provision for 
changes to be made in the agreement. All the affected parties must agree before 
changes can be made. This requirement reasonably protects the interests of all 
parties. 

Section 17. Irrevocability and Termination. This provision requires that 
all affected parties must agree before the trust can be ended. There is a 
further provision that any surplus funds be distributed to the facility owner or 
operator or any successors or heirs of the facility owner or operator. This 
requirement reasonably protects the interests of all parties. 

Section 18. Immunity and Indemnification. This section protects the 
trustee from liability arising from non-negligent acts. This is further notice 
that the trustee's responsibilities do not extend beyond financial management 
and reporting. This gives protection to the trustee, whose proper role is 
limited to holding and protecting financial assets. This provision does not 
exempt the trustee from liability for negligent acts. 

Section 19. Choice of Law. This provision requires that the trust 
agreement must be interpreted according to Minnesota law. The requirement 
reasonably provides all parties with a specific legal. reference when needed to 
understand and manage the trust. 

Section 20. Interpretation. This section places limits on the 
understanding of the language of the agreement. Singular and plural words 
included in the agreement include each other. This means, for example, that if 
there are two grantors to the trust, the provisions of the trust apply equally 
to both even though the agreement refers consistently to the grantor. This 
provision also makes it clear that section headings are not to be understood as 
substantive elements of the agreement. This section clarifies linguistic 
matters that could lead to confusion in the interpretation of the agreement. 

Summary language and provision for appropriate signatures follow section 20 
of the agreement. A reference to thi.s rule is required as well as an 
attestation of signatures. 

Subpart 2. Certification of acknowledgment. This subpart provides the 
language required in the certification of acknowledgment that must accompany the 
copy of the trust agreement which the facility owner or operator sends to the 
Commissioner. The need and reasonableness for this certification was presented 
above (See p. 208). -- / 

Subpart 3 .. Surety bond guaranteein~ payment into a trust fund. This 
subpart provides the language required in a surety bond that guarantees the 
owner or operator will develop an approvable trust fund by the time the owner or 
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operator closes the site. 
practices in the State of 
to basic data. 

The language is consistent with standard business 
Minnesota. The first section of the bond is devoted 

1. The date the bond is executed by the grantor and the surety. 
2. The date on which the terms of the bond become effective. 
3. The name of the principal. This will be the owner, in 

the us uaJ case. 
4. A descriptive name for the. facility owner's or operator's 

·organization (e.g., individual, or corporation, or partnership). 
5·. The state in which a corporation is incorporated. 
6. The name and business address of the surety. 
7. Names and identification numbers for all facilities covered 

and each individual facility's estimated costs for closure, 
postclosure care and contingency action. 

8. The total amount to be covered by the bond, known as the 
penal sum. 

The data provided concisely set the basic parameters of the agreement. The 
contract would not be enforceable without them. 

The first full paragraph defines the extent of the surety's commitment to 
the Agency. The statements in this paragraph set the surety's liability equal 
to the penal sum. If there are joint sureties, the liability is joint and 
several. but limited to actions arising from the activities described. This 
requirement reasonably provides the surety and the facility owner or operator 
with notice of the extent of the su~ety's liability. 

The next two paragraphs describe the conditions which have caused the 
facility owner or operator and the surety to enter into the agreement, namely, 
the facility owner's or operator's need to have a permit and the financial 
assurance requirement associated with that permit. 

The next paragraph describes the facility owner's and operator's intention 
to establish a standby trust fund. This requirement comes from part 7035.2725, 
item C. 

The next five paragraphs describe the conditions that the surety will 
guarantee. If these conditions do not occur, the surety will be required to 
deposit the pe~al sum of the bond in the standby·trust fund. The conditions 
guaranteed are: 

a) that the facility owner or operator wi 11. develop .a trust fund 
equal to the estimated cost(s) of closure, postclosure care 



February 23, 1988 

-307-

and/or contingency action (the types of activities covered are 
left to the facility owner's or operator's choice); 

b) that the fund will_be fully developed ei·ther before the site. 
closes or within 15 days after the facility owner or operator 
receives a proper order to begin one of the specified 
activities; or 

c) that the facility owner or operator will provide an approvable 
alternate financial assurance instrument if the bond is cancelled. 

The next paragraph is a positive statement of the conditions under which the 
surety will become liable on the bond obligation, namely, the failure of the 
principal to fulfill one of the conditions described above. There is also a 
positive statement of the surety's responsibility to make deposits into the 
standby trust following proper notice from the Commissioner. 

The next paragraph fyrther specifies the. limits of the surety's liability. 
This liability is not ended until the sum of payments into a standby trust 
equals the amount of the penal sum. A further statement explicitly limits the 
surety's liability to the amount of the penal sum. 

The next paragraph makes provision for the surety to cancel the bond. The 
surety must notify the facility owner or operator and the Commissioner of the
intent to cancel. The actual cancellation may not take effect until 120 days 
after the Commissioner receives the notice. 

The next paragraph makes provision for the facility owner or operator to 
cancel the bond. This cancellation may occur only if the Commissioner sends the 
surety a written authorization to end the bond. 

The next paragraph is optional and may be included if the surety and the 
facility owner or operator want it .. This paragraph makes provision for annual 
adjustments in the penal sum of the bond. The provision limits the increase to 
20 percent. There is also a requirement that the penal sum may not be decreased 
without the Commissioner's written permission. 

The final two paragraphs certify the date of signing and the signatures of 
the surety and the principal. 

Subpart 4. Surety bond guaranteeing performance. This subpart provides the 
language required in a surety bond that guarantees the facility owner or 
operator will perform specified activities. The provisions of this bond are the 
same as the provisions in the financial guarantee bond except that different 
conditions apply in determining the surety's liability. The form is consistent 
with standard business practices in the State of Minnesota. If the facility 
owner or operator chooses to comply with the rule through the use of a 
performance bond, then the surety must guarantee that the facility owner or 
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operator will perform closure, postclosure care and needed contingency action 
according to the plans submitted and Agency directives. If the facility owner 
or operator does not perform the needed activities as specified, then the surety 
becomes liable on the bond obligation. 

Subpart 5. Letter of credit. This subpart provides the facility owner or 
operator with the language needed in the financial instrument if the facility 
owner or operator chooses to comply with the rules by using a letter of credit. 
The letter appears very much like a normal business letter. Many of the 
identification requirements of other instruments are omitted from the letter of 
credit. These identification requirements are to be met by the owner or 
operator. 

The first paragraph of the letter identifies the instrument and states that 
credit is extended in favor of the Agency on behalf of the facility owner or 
operator. This paragraph also· identifies the amount of credit extended. This 
amount is analogous to the penal sum of the surety bonds. The credit becomes 
available when the Commissioner presents a sight draft to the bank which: 
refers to the letter's identification number and certifies. that conditions 
defined in the soiid waste rules have occurred which call for the Commissioner 
tb draw on the credit extended. 

The next paragraph provides the effective date of the letter and requires 
that its term be at least one year. The letter must extend automatically for 
another year beyond the e~piration date and on each successive expiration date. 
The letter can be cancelled under specified conditions, namely: that the bank 
send the facility owner or operator and the Commissioner notice of its intent to 
cancel and that this notice be sent 120 days before any current expiration date. 

The next paragraph states the bank's intention to honor any properly 
presented drafts. When the bank honors a draft, it will deposit the amounts 
required into a specified standby trust fund. 

There is a final certification that the language of the letter is the same 
as the language required under the rules. This is followed by appropriate 
signatures and a reference to the Uniform Commercial Code to which the letter is 
subject, The form of this letter is consistent with standard business practices 
in the State of Minnesota. 

Subpart 6. Letter from the chief financial officer of a private firm. This 
subpart gives private sector facility owners and operators the language they 
must use in a demonstration letter if they choose to self-insure. The rule 
instructs faciJity owners and operators to.include appropriate language for 
descriptive terms (names, titles, etc.) that are written between brackets in the 
model. This provision tells facility owners and operators how to adapt the 
letter to their individual needs. 
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The first paragraph of the letter identifies the firm that is making the 
self-insurance demonstration and its chief financial officer (CFO). This 
paragraph also presents the letter's intent, which is to comply with the 
self-insurance provisions of the financial assurance rules. The paragraph also 
identifies the sites for which the self-insurance demonstration is made and the 
cost estimates covered by the demonstration. This language identifies the 
person responsible for the self-insurance demonstration and clearly states that 
person's intentions. The self-insurance demonstration letter must make these 
identifications if it is to be enforceable. 

The letter continues with a series of information submittals. The first 
submittal applies to cases in which the facility owner or operator makes the 
self-insurance demonstration. The CFO identifies the facilities for which the 
demonstration is made. The CFO also supplies cost estimates for closure, 
postclosure care and corrective action at each covered facility. 

The next submittal applies to cases in which a parent corporation makes a 
corporate guarantee on behalf of the facility owner or operator. The CFO 
identifies the facilities for which the corporate guarantee is made. The CFO 
also supplies cost estimates for closure, postclosure care and corrective action 
at each covered facility. 

The third submittal applies to all cases. The CFO identifies all facilities 
outside Minnesota for which the firm makes either self-insurance demonstrations 
or corporate guarantees. This submittal includes appropriate cost estimates. 

The final submittal applies in all cases. The CFO identifies all waste 
facilities. the firm owns, operates or controls through subsidiaries for which no 
financial assurance is made. This submittal includes appropriate cost 
estimates. 

This information is required to make operational several criteria in the 
financial tests. Some criteria are "multiples." These criteria require, 
depending on the alt~rnative chosen, that the facility owner or operator or its 
guarantor show that specified financial measures (net working capital, tangible 
net worth and, conditionally, total assets held in the U~ited States) are at 
least six times greater than the costs estimated for closure, postclosure care 
and contingency action at all owned, operated or controlled sites. The 
information presented in the letter summarizes the information required under 
part 7035.2750. 

The next paragraph of the letter reports whether the firm makes certain 
reports to the Securities and Exchange Commission (SEC). These reports are 
ref erred to as "lOKs" because they are submitted on a SEC form that is 
designated as lOK. The lOK reports contain a full set of financial statements. 
They are public records that serve as valuable independent checks on 
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iYr self-insurance demonstrations. This information notifies the Commissioner of a 
valuable information source and imposes no cost on facility owners or operators. 

The next paragraph describes the reporting bases for the information 
presented in the self-insurance demonstration. Business firms may choose the 
basis for their fiscal reporting. The first statement reports the end date of 
the firm's fiscal year. Next, the CFO designates specified data as derived from 
the firm's ind~pendently audited fina~cial statements. The self-insurance 
demonstration requires a CPA's statement that specified information is derived 
from independently audited financial statements. The notice required in this 
paragraph makes the CFO responsible for needed information and imposes no costs 
on the facility owner or operator. 

The next paragraph of the letter states that the bonds submitted as 
security are sent along with the demonstration letter. This language reasonably 
commits the firm and its chief financial officer to both actions required by the 
rules: demonstrating that the firm meets the self-insurance criteria and 
submitting bonds as collateral. It is a formal action that recognizes the 
permittee's enforceable responsibilities. 

The next part of the letter consists of the information that comprises the 
first alternative financial test. The first alternative test requires 
self-insuring private sector facility owners and operators to report: 

·a) the total of all current cost estimates for all owned or operated 
facilities; 

b) the maturity dates, face values and market values for the bonds 
submitted as collateral; and 

c) the self-insuring firm's total liabilities, tangible net worth, net 
worth, current assets, current liabilities, net working capital, 
cash flow, and asset holdings in the United States. 

The final portion of the first alternative test is a set of questions which 
determine whether the firm meets the self-insurance criteria. This portion of 
the letter organizes information from the facility owner or operator to be 
compared easily with the self-insurance criteria. 

The next part of the letter consists of the information that comprises the 
second alternative financial test. The second alternative financial test 
requires self-insuring private sector facility owners and operators to report: 

a) the total of all current cost estimates for all owned or operated 
facilities; 

b) the maturity dates, face values and market values of the bonds 
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submitted as collateral; 
c) the rating of the firm's most recent bond'issue, the name of the rating 

service and the bonds' issuance and maturity dates; and 
d) the firm's tangible net worth and asset holdings in the United States. 

The final portion of the second alternative test is a set of questions which 
determine whether the firm meets the self-insurance criteria. This portion of 
the letter organizes information from the facility owner or operator to be 
compared easily with the self-insurance criteria. 

The final element of the letter is the chief financial officer's 
certification that the letter is identical to the model provided in .this 
subpart. This statement is followed by the chief financial officer's signature, 
name, title and date of signing. These requirements assure that the person who 
signs the letter is responsible for the firm's financial policies and is 
authorized to commit the firm's resources to long-term care at solid waste 
management facilities. 

Subpart 7. Corporate guarantee for contingency action, closure or 
postclosure care. This subpart gives the corporate parents of private sector 
facility owners or operators the language they need to make corporate guarantees 
for their subsidiaries. This subpart instructs guarantors to include 
appropriate language for descriptive terms (names, titles, etc.) that are 
written between brackets in the modeL This provision tells guarantors how to 
adapt the guarantee to their individual needs. 

The first paragraph of the guarantee: 

a) dates the instrument, 
b) identifies and designates the guarantor, 
c) identifies the Agency as the obligee, and 
d) identifies the facility owner or operator as the person on whose behalf 

the guarantee is made. 

These identifications are routine. This information specifies the 
relationships of all the interested parties. These specifications make the 
guarantee effective. 

Recitals follow which specify the conditions of the guarantee. The~e 

conditions are made specific so that all parties understand the guarantee's. 
scope and limits. The recitals define and protect all parties' interests and 
commit all parties to actions defined by specified conditions. 

The first recital states that the guarantor qualifies to make the corporate 
guarantee under the terms of part 7035.2750. The guarantor also promises to 
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comply with all the terms of part 7035.2750. 
The second recital identifies the facilities and the types of cost covered 

by the guarantee. 
The third recital specifies the meaning of terms that might be considered 

too general. Cost estimates are related directly to pl~ns developed according 
to part 7035. These plans define for all interested parties the financial 
limits of the guarantee. 

The fourth recital defines the basic condition of the guarantee. The 
guarantor promises to either do required work or establish a trust under 
part 7035.2705 if the facility owner or operator does not complete work 
specified in appropriate plans or permit conditions. The statement commits the 
guarantor to the completion of proper closure and long-term care at the covered 
facilities. 

The fifth recital has the guarantor's promise to establish alternate 
financial assurance if the guarantor fails to meet the terms of the financial 
t~st. The promise includes two reporting dates: first, the guarantor promises 
to notify the Commissioner and the facility owner or operator, within 90 days, 
when the firm does not meet test criteria; second, the guarantor promises to 
provide an alternative to the self-insurance demonstration, within 120 days, 
when the firm does not meet the test criteria. 

The sixth recital has the guarantor's promise to send notice on bankruptcy 
filings. The Agency and the facility owner or operator are to receive notice 
within ten days after the beginning of voluntary or involuntary bankruptcy 
proceedings which name the guarantor as debtor. 

The seventh recital provides for alternate financial assurance if the 
Commissioner notifies the guarantor that the guarantor no longer meets the 
self-insurance criteria. The guarantor promises to establish the alternate 
financial assurance within 30 days of receiving such notice. 

The eighth recital binds the guarantor to the terms of the guarantee and 
cites specific conditions which do not change this commitment. Those conditions 
are: 

a) permit amendment, 
b) changes in closure, postclosure care or contingency action schedules; 

and 
c) other changes imposed under relevant rules. 

The ninth recital allows the guarantee to be cancelled under specified 
conditions. If a guarantor wants to cancel a guarantee, the guarantor must 
notify the'Commissioner and the facility owner or operator of this decision. 
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The cancellation cannot become effective until 120 days after the Commissioner 
receives the notice. 

The tenth recital places a further condition on a guarantor's ability to 
cancel a guarantee. The guarantor promises to provide alternate financial 
assurance if the facility owner or operator does not provide alternate financial 
assurance within 90 days after the Commissioner receives a notice of 
cancellation. This condition assures that there will be no financial assurance 
coverage gaps resulting from cancellation of guarantees. 

The eleventh recital contains two waivers which apply to notification. The 
waivers mean that the guarantor does not have to be notified of: 

a) the Agency's or the facility owner's or operator's acceptance of the 
guarantee, and 

b) changes in relevant plans and facility permit conditions. 

The final element of the letter is the CFO's certification that the wording 
of the guarantee is the same as the wording required in the rules. This 
certification is reasonable because it commits the CFO and the firm to 
compliance with the relevant rules. 

Subpart 8. Letter from the head of an elected or publicly-appointed body. 
This subpart provides for public sector facility owners and operators the 
language they must use in a demonstration letter if they choose to self-insure. 
The rule instructs facility owners and operators to include appropriate language 
for descriptive terms (names, titles, etc.) that are written betwe~n brackets in 
the model. This provision tells facility owners and operators how to adapt the 
letter to their individual needs. 

The first paragraph of the letter identifies the public body that is making 
the self-insurance demonstration and its elected or appointed head. This 
paragraph also presents the letter's intent, which is to comply with the 
self-insurance provisions of the financial assurance rules. This paragraph also 
identifies the sites for which the self-insurance demonstration is made and 
the cost estimates covered by the demonstration. This language identifies the 
person responsible for the self-insurance demonstration and clearly states that 
person's intentions. The self-insurance demonstration letter must make these 
identifications if it is to be enforceable. 

The second paragraph of the letter states that the bonds submitted as 
security are sent along with the demonstration letter. This language reasonably 
commits the public body and its elected or appointed head to both actions 
required by the rules - demonstrating that the public body meets the 
self-insurance criteria and submitting bonds or warrants as collateral. It-is a 
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formal action that recognizes the facility owner's ·and oper~tor's enforceable 
responsibilities. 

The largest part of the letter consists of the data that comprise the 
financial test. Self-insuring public sector faciJity owners and operators must 
report: 

a) 

b) 

c) 

the total of all current cost. estimates for,.self-insured sites; 
the maturity dates, face values and market values for the bonds 
submitted as collateral; 
the issuance date, maturity date and rating of the public body's most 
recent bond issue; 

d) the total assessed value of the public body, current total debt and 
statutory limits on net debt; and 

e) the total taxes currently levied and the statutory limits on taxation. 

The final portion of the demonstration, lines 14 through 17, is .a set of 
questions which ask whether the public body meets the individual self-insurance 
criteria found in part 7035.2750. This portion of the letter orQanizes 
information from the facility owner or operator to compare it easily with the 
self-insurance criteria. 

The final element of the letter is the elected or appointed head's 
certification that the wording in the letter is identical to the wording 
specified in Minn. Rules pt. 7035.2305, subp. 8. This is followed by the 
elected or appointed head's signature, name, title and date of signing. These 
requirements enable the Agency to be sure that the person who signs the letter 
is responsible for the public body's financial policies and is authorized to 
commit the public body's resources to long-term care at sites. 

Subpart 9. Resolution establishing a dedicated long-term care trust fund. 
This subpart provides the language required in a resolution establishing a 
dedicated long-term care trust fund. The model resolution is written in a form 
that has general utility throughout local government. It begins with statements 
of the .conditions that cause the municipality to make the resolution. The 
statements that follow describe the actions the municipality has decided to take 
in response to the stated conditions. The resolution concludes with appropriate 
authorizing and certifying signatures. The form of the model resolution follows 
generally accepted forms for resolutions by government. 

The conditional statements first identify the municipality as owner or 
operator of the facility for which the financial assurance demonstration is 
made. The statement also identifies the statute (Minn. Stat. § 116.07, subd. 
4h) and the part of the proposed rules (Minn. Rules pt. 7035.2695) .that require 
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the municipality to establish and demonstrate financial responsibility for the 
facility site. The last conditional statement recognizes the Agency's authority. 
to require the financial responsibility demonstration. The conditional 
statements clearly identify the reasons the municipality establishes a dedicated 
long-term care trust fund. 

The resolution next describes the actions taken in response to the 
identified conditions. The municipality commits itself to take the·following 
actions: 

1. creation of the dedicated long-term care trust fund; 

2. maintenance of this fund, which is reserved for use only under 
specified conditions; 

3. fund development as prescribed in the proposed rules (part 7035.2720); 

4. payment of any ~dministrative or legal expenses the Agency incurs if 
it must take legal action to compel the municipality to close the 
facility site, perform routine postclosure care and maintenance or 
undertake corrective action at the site; 

5. making any payments for Agency administrative or legal expenses from 
funds other than the dedicated long-term care trust fund; and 

6. naming a fund trustee who assumes fiduciary and reporting 
responsibilities. 

Earlier parts of this document provided the reasons for actions 1, 2, 3, and 
6. Actions 4 and 5 were not discussed earlier. These provisions are not 
included in part 7035.2720 because that rule specifically names the purposes 
for which the dedicated long-term care trust fund may be used. Those purposes 
do not include reimbursing the Agency for administrative and legal expenses. 
These provisions are included in the model resolution at the suggestion of 
representatives of local governments. These provisions are intended to 
discourage frivolous delays and legal actions. Local governments will 
sometimes stonewall State agencies, hoping that the cost of enforcement action 
will be so high the Agency will decrease or drop its demands. Actions 4 and 5 
of the resolution impose delay costs on the municipality, not the Agency. These 
costs should properly be incurred by the party responsible for the delay. This 
measure will encourage timely action by municipal facility permit holders. 

The resolution ends with appropriate authorizing and certifying signatures 
that give legal force to local government resolutions. 
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J. Reasonableness of Parts 7035.2815 to 7035.2875 SOLID WASTE MANAGEMENT 
FACILITY SPECIFIC TECHNICAL REQUIREMENTS. 

The following discussion addresses the reasonableness of the proposed rules 
that establish design, construction, and operation requirements for specific 
solid waste management facilities. Each facility type has unique requirements 
for managing solid waste in a manner that does not harm human health and the 
environment. To establish one set of criteria for all solid waste management 
facilities would be impractical. The criteria would require so many exemp'tions 
for particular facilities from certain standards that the rule would be 
cumbersome to read and interpret. To clarify the applicability of standards, 
the Agency has chosen to separate the requirements based on facility type. The 
separation does result in some duplication of language but is much easier for 
each affected person to read than one combined set of criteria. The Agency 
believes it is reasonable to establish separate rules for facilities to assist 
the facility owners or operators in determining their responsibilities. 

Before discussing the technical requirements for each facility, the Agency 
believes .it is necessary to explain the policy behind the standards established 
in the rules. The Agency has attempted to draft a set of rules flexible enough 
to allow facility owners and operators to design management facilities that meet 
their needs and wants while stringent enough to minimize the potential for harm 
to human health and the environment. To accomplish this goal, the Agency has 
formulated a combination of performance and design standards. 

The Agency considered three options for the regulatory ·structure of the 
technical standards. They include: uniform design standards, performance 
standards, and a combination of design and performance standards. Uniform 
design standards imply that all facilities are located in poor geologic areas, 
have the identical type and amount of incoming 1~aste, and operations are 
identical. A comprehensive set of design standards strict enough to protect 
human health and the environment based on the worst case scenario would be 
imposed on all facility owners and operators. Using this approach, a variance 
would be granted if the facility owner or operator demonstrates that equivalent 
protection would be provided by an alternative design. This option provides a 
high assurance of protection of human health and the environment but may result 
in the overregulation of some facilities. The time needed to address the 
variance request would be unproductive. 

The performance standard approach establishes goals that req~ire 
site-specific analyses to determine appropriate controls to meet the standard. 
This approach allows the greatest flexibility. A rule based on performance 
standards decreases the possibility of overregulation, but by its nature, is 
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resource-intensive, results in increased uncertainty for the regulated community 
and may result in inconsistent application. The performance standard is most 
difficult to enforce'because no specific set o~ criteria is established. 
Rather, decisions are based on rule interpretation. 

A combination of design and performance standards allows for the 
establishment of controls based on site-specific conditions while establishing 
some minimum standard for design of the facility. The rule also provides for 
modification to some design standards without the use of a structured variance 
procedure based on information received from the facility owner or· operator. 

_A key advantage to this process is the establishment of a uniform process for 
matching requirements to potential problems. The Agency believes this approach 
provides protection without overregulation. 

Overregulation leads to the installation of unnecessary or redundant 
protective devices and design features because there is no basis for requiring 
these items at all facilities. Design standards alone are developed on the 
assumption that only one set of conditions exist independent of where the site 
is located.· In reality, uniform conditions do not exist and the requirement 
that only one design is acceptable would be overregulated. 

To address every potential problem with examinations of site-specific 
characteristics and development of appropriate requirements would require a 
complex scheme. The Agency believes that a reasonable system of regulation has 
been achieved through the blending of performance and design standards. Certain 
facility design and operational requirements are needed no matter the site 
conditions while others must remain flexible to site-specific conditions. For 
instance, liners are needed whenever leachate is generated whether it be at a J 
compost facility or a disposal facility, while ground water monitoring and 
specific numbers of wells are not required at all facilities nor in the same 
density at all disposal facilities. 

Because of the difficulty with enforcement of performance standards and with 
providing consistent review between facility designs, the Agency believes the 
use of performance standards does not provide the facility owners or operators 
with sufficient guidance on their responsibilities. The Agency believes strict 
design standards do not provide sufficient flexibility in designing facilities 
based on site conditions and changing technology. Therefore, the Agency 
believes incorporation of both performance and design standards is appropriate 
to ensure protection of human health and the environment. 

The specific requirements for each facility type are discussed in the 
following section. The Agency will provide its reasons for including either 
design or performance standards in each part. 
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1. Part 7035.2815 MIXED MUNICIPAL SOLID WASTE LAND DISPOSAL FACILITIES. 

This part discusses the specific design, construction, and operation 
requirements for mixed ·municipal solid waste land disposal facilities. A review 
of the historical record of ground water quality around these facilities shows 
ground water is polluted. This evidence, along with operation and construction 
violations, indica!es that the existing solid waste _rules are not adequate to 
reduce environmental impacts from these facilities. Therefore, the Agency has 
developed new standards based on current technology. 

Subpart 1. Scope. This subpart establishes the responsibility of all 
landowners and facility owners or operators of mixed municipal solid waste land 
~isposal facilities to comply with the requirements of thi~ part. Including 
this provision in the rules informs facility owners and operators of their 
responsibilities under the rules. 

Subpart 2. Location. This subpart contains requirements limiting the 
locations where land disposal facilities may be sited. These facilities are 
also subject to the location standards for all solid waste management facilities 
in part 7035.2555. 

The location requirements of subpart 2 are needed to protect water quality 
and human health and safety. This is consistent with the Agency's statutory 
authorities. Subpart 2 does not control facility siting based on-aesthetic and 
nuisance conditions, such as proximity to residential development or highways. 
Aesthetic and nuisance restrictions are under the jurisdiction of local 
governmental zoning ordinances. 

Location standards are needed so that, if a land disposal facility fails to 
adequately contain leachate, the site's natural conditions can protect ground 
water and surface water and control the migration of decomposition gases. The 
location standards also make it feasible to monitor and correct pollution that 
occurs in spite of the natural protection of the site. 

Although the facility design and operation provisions in part 7035.2815 
require land disposal facilities to contain leachate and gas migration, these 
engineering precautions do not guarantee total containment. These releases can 
occur due to human errors in facility operation. Corrective actions to contain 

, and recover pollutants are not assured of complete success either. In summary, 
it would be unwise to rely solely on engine~red solutions for protection; the 
natural setting must provide a second line of protection. 

Thus it is necessary to limit land disposal facilities to locations where 
the natural conditions minimize the adverse effects of leachate and gas 
releases. Item A establishes four conditions that a potential land disposal 
site must meet. Under the first of these, subitem (1), the facility must be 
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located only in an area where the topography, geology, and ground water 
conditions allow the facility to be designed, constructed, operated, and 
maintained in a manner that minimizes environmental impacts. 

Subitem (1) is needed to prevent siting in locations where natural 
conditions interfere with the ability to contain leachate or gas within the 
facility and to contain any release in a limited area. Siting efforts in 
Minnesota have provided many illustrations of such undesirable sites. Exampl~l 

include sites in watersheds that route surface water directly through the 
facility; sites with shallow water tables or perched ground water that preclude 
proper liner installation, threaten subsequent liner performance, or direct gas 
flow back into the operating area; and sites on the edge of steep slopes subject 
to erosion and landsliding. Another condition common to Minnesota that could 
jeopardize facility engineering is unstable foundation soil such as peat, some 
clays, bentonite horizons in bedrock, and some soils under artesian pressures. 

Environmental protection has often been the secondary goal of siting 
efforts. Historically, the focus was to find inexpensive, available land that 
could not be put to more productive uses. Unfortunately, the same natural 
conditions that make these sites inexpensive, available, and unproductive often 
make them unsuitable for constructing and operating a successful solid waste 
land disposal facility. Subitem (1) prevents sites from being located in areas 
where such conditions interfere with successful leachate and gas containment. 

Subitem (2) requires that a facility be located only in an area where ground 
water flow paths and variations in soil or bedrock conditions are known in 
sufficient detail to enable reliable tracking of pollutant movement. This 
condition prevents siting in areas where the geology is so complex or 
unpredictable that a hydrogeologic investigation cannot adequately define ground -
water flowpaths. At such a site, there is little chance for success in tracking 
leachate movement if it escapes the engineered containment system. As will be 
described more fully under subpart 3, some of Minnesota's soil and bedrock 
conditions fit this description. A common example is the glacial terminal 
moraine, which frequently consists of, a complex mixture of varying tills laced 
with deposits of more permeable ice-contact and water-deposited soils. The more 
permeable deposits are often irregularly sized and shaped. This precludes 
correlation between soil borings. The discontinuities can consist of isolated 
sand lenses or sinuous, continuous pathways for ground water movement. A second 
example is fractured bedrock. The fractures often can be difficult to define 
and provide rapid and unpredictable pathways for pollutant movement. 
Subitem (2) allows the Agency to reject a site where ground water and pollutant 
movement cannot be adequately defined. 

Subitem (3) requires that the facility be located only in an area where it 
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is feasible to construct a monitoring system with sufficient monitoring points 
to assure that pollutants can be detected and tracked. This prov1s1on is 
related to subitem (2), but focuses more on the technical and economic 
feasibility of providing a monitoring system, regardless of whether 
hydrogeologic conditions can be defined. Some settings where hydrogeologic 
conditions can be well-defined may present formidable obstacles to monitoring. 
For example, at sites where ground water is very deep, the increased cost of 
monitoring wells may make effective monitoring infeasible. Although the water 
,table comes within 50 feet of the land surface over much of Minnesota, a deeper 
water table is also common, and some locations may have 200 feet or more of 
permeable unsaturated zone. Secondly, the cost of monitoring may be prohibitive 
at sites that have either very thick aquifers or considerable vertical ground 
water movement withi~ and between aquifers. At these sites a monitoring system 
would have to include many more monitoring points to sample at different depths. 
In each of these examples, it may be feasible to install an initial monitoring 
system, but not feasible to expand the monitoring system to adequately define 
and track pollutant movement. It is not prudent gnd not protective of the 
environment to locate a facility in these areas. Subitem (3) allows the Agency 
to prohibit a facility from being located where the feasibility of monitoring 
cannot be demonstrated. 

Subitem (4) requires that the facility be located only in an area where, if 
there were a release from the facility, pollutants can be contained and 
corrective actions taken to prevent adverse effects on water supplies and to 
return the facility to compliance with ground water and surface water quality 
standards. This provision ensures that facilities are not located in areas 
where their impacts are irreversible. Corrective action must be both 
technically and economically feasible. For example, ground water movement must 
not be so rapid and_multidirectional that a polluted zone would quickly expand 
beyond manageable proportions. Again, a site with the potential for impacts to 
migrate to great depths may be unacceptable ·under subitem (4) because of the 
higher costs of any actions taken at greater depths. Subitem (4) reasonably 
provides that if corrective action is unlikely to be successful, the site cannot 
be used as a l~nd disposal facility. 

Two observations should be made about item A, and about subpart 2 in 
general. First, the location requirements are not quar.titative and provide 
latitude for discretion and interpretation. Other approaches were considered 
but rejected. For example, an early attempt was made to list a series of 
specific hydrogeologic conditions that should be prohibited through the location 
requirements. For each of these conditions, however, there were often 
circumstances under which the prohibitions did not seem justified or were 
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inconsistent,with other requirements. Downward ground water movement was one of. 
these undesirable conditions. Sites with downward ground water movement pose a 
threat to deeper ground water resources, and they· are difficult to monitor 
because the angle of descent cannot be predicted reliably. But downward ground 
~ater movement is very common in low-permeability soils, which are normally 
preferred over highly permeable soils. Thus a provision discouraging sites with 
downward ground water movement conflicts with the effort to discourage siting in 
vulnerable areas underlain by high-permeability soils. 

A few commentors also wondered whether the location standards should require 
minimum distance offsets between the facility and surface water bodies. This 
approach was rejected because any distance chosen seemed arbitrary and 

' overprotective for some settings and underp\otective for others. It became 
clear'that siting involves trade-offs and requires flexibili~y to compare the 
advantages and disadvantages of a particular site against alternative sites. 
Prohibiting specified hydrogeologic conditions can eliminate sites that, on 
balance, are better than other available alternatives. The objectives-oriented 
requirements of item A focus directly on the results a site must achieve, rather 
than on arbitrary specifications that may not always lead to the intended 
result. 

Second, the location requirements apply to existing and new facilities. 
Existing facilities that are poorly sited will have to be evaluated under the 
provisions of subpart 2 as their permits come up for review. If an existing 
facility clearly cannot meet the location standards there are three options. 
The owners or operators of the site can close it, apply for a variance from 
subpart 2, or construct an engineered secondary containment system if item B is 
applicable. The Agency will consider unique site circumstances in deciding 
whether to grant the variance. Relevant circumstances include the availability 
and desirability of alternatives, the availability of revenues to provide for 
proper closure and postclosure, the degree of risk to human health and the 
environment associated with facility operations, and the measures that will be 
t~~en to minimize that risk. In some cases, the Agency may find that conti~ued 
operation under a restrictive permit and variance is preferable to the available 
alternatives. 

Item B requires that, unless the facility owner or operator provides an 
engineered secondary containment system, a facility cannot be located in an area 
where the hydrogeologic or topographic conditions would allow rapid or 
unpredictable pollutant migration, impair the long-term integrity of the 
leachate containment system, or preclude reliable monitoring. The listed site 
conditions do not afford adequate secondary protection to ground water if the 
primary containment system fails. If the natural conditions are not adequately 
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protective, secondary containment should be required. Alternatively, the rule 
could have simply prohibited new and existing facilities in these areas by· 
deleting item B. This alternative was rejected because it appeared to preclude 
land disposal altogether in some regions of Minnesota and would have forced 
existing facilities to close even if there were no reasonable alternatives. 
Instead, item B reasonably allows facilities to be sited in these areas if the 
investment in secondary containment is made. Because of the added risk posed by 
sites with these conditions, in-place and functional secondary containment is 
required rather than accumulating financial assurance set-asides. 

Under subitems (1), (2), and (3), the additional engineering required by 
item B must consist of one of the following: a second liner with a collection 
system between the two liners; an in-place, operational ground water containment 
and treatment or disposal system that can be activated immediately if ground 
water pollution is detected; or another method of secondary containment backing 
up the liner and providing additional protection equivalent to the other two 
options. These measures are commonly employed in other states. 

Two-liner systems with leachate collection above each liner are standard 
designs for hazardous waste land disposal facilities, and are becoming 
increasingly common for mixed municipal solid waste in vulnerable areas of the 
eastern seaboard states. In the two-liner system, leachate escaping the upper 
liner is intercepted by the second liner. Ground water containment systems 
provide an option that may be preferable to the second liner at some sites. 
Various approaches to ground water containment, including pump-out systems and 
subsurface barrier curtains or wall's, are commonly used to limit pollutant 
migration. Either option provides the additional protection to ground water 
needed because of the shortcomings of the natural site conditions. 

Item C identifies areas where ·land disposal sites are prohibited.· Subitem 
(1) prohibits land disposal facilities from being located on a site where there 
are karst features, such as sinkholes, solution channels, disappearing streams, 
and caves. Karst may cause failures of the leachate management system or· 
prevent effective monitoring or containment of pollutants. Karst areas formed 
on soluble bedrock pose a special risk to ground water. The karst areas of 
southeastern Minnesota are extremely vulnerable to ground water pollution, and 
they threaten to undermine structures, including liners, through collapse 
(References 43, 44, 45, 46). Subitem {1) reasonably prohibits faciiity 
construction on sites characterized by visible karst features. 

Some commentors wondered why the prohibition of subitem (1) is limited to 
areas with visible karst features only. They raised concerns over the more 
extensive areas containing subsurface·voids and openings formed by dissolution 
and collapse. The Agency believes that outright prohibition i~ only reasonable 
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when visible karst features are found at a site because subsurface· voids and 
dissolution channels at some sites are far below the surface, where they present 
little risk to the structural integrity of the facility and do not interfere 
with ground water'monitoring. The automatic prohibition of areas with visible 
karst features is proposed in the rules because of the potential for rapid and 
unpredictable ground water movement through the surface openings. An outright 
prohibition is not proposed for sites with only deeper soluble bedrock because 
the hydrogeologic evaluation will develop sufficient data on the stability and 
suitability of these sites. Additionally, if a ban on areas with deeper karst 
features was made automatic, the entire southeast region of Minnesota may be 
considered unsuitable for locating a land disposal facility. This would be an 
unreasonable burden to place upon the residents of this region as they would 
incur considerable expense in transporting their solid waste. 

Subitem (2) prohibits sites where there are other unstable soil or bedrock 
conditions that may cause failures of the leachate management system. The 
rationale is the same as for subitem (1); it would be unreasonable to. allow 
disposal on a site where the liner and.leachate management system are at risk 
from unstable foundation conditions. As mentioned in the discussion of subitem 
(1) of item A, foundation materials such as peat and low-strength clays would not 
adequately support a liner and other facility features. 

Subitem (3) is protective of human health and safety rather than the 
environment, and is directed at minimizing bird hazards to aircraft. It 
provides that a fill area must not be located on a site where an airport runway 
used or scheduled for use by turbojet aircraft is located within 10,000 feet of 
the waste boundary, or an airport runway used or scheduled for use by 
piston-type aircraft only is located within 5,000 feet of the waste boundary, 
unless approval is obtained from the Federal Aviation Administration (FAA). 
This requirement is based. on federal solid w~ste regulations (Reference 47). 
The federal regulations require that a fac.ility, within the stated distances of 
runways, disposing of putresci b 1 e wastes "shall not pose a bird hazard to 
aircraft." 40 CFR 257.3-8. The d~termiriation of whether a given fill area 
poses a bird hazard to aircraft is outside the expertise of the Agency. Thus, 
subitem (3) requires approval by the FAA to operate a fill area in the vicinity 
of an airport. Through conscientious efforts to cover waste frequently, a land 
disposal facility should be able to avoid attracting the gulls and other 
scavengers that concern the FAA. 

The discussion of subpart 2 has repeatedly highlighted Minnesota's highly. 
variable hydrogeologic conditions. This variable, often complex, hydrogeology 
also influences the requirements for hydrogeologic evaluations in subpart 3. 
Before discussing subpart 3, a brief overview of Minnesota's hydrogeology will 
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help clarify the basis for some of the prov1s1ons. Most of the following 
discussion is directly from Reference 43; see also References 48 and 49. 

The soils and bedrock of Minnesota can be grouped into three categories. 
The basement rocks, usually igneous or metamorphic crystalline rocks, are the 
oldest and hardest layer of rocks. They underlie the more porous and permeable 
bedrock formations of sandstone, dolomite, limestone and shale. Above the 
bedrock, unconsolidated sand, gravel, and clays occur in varying thicknesses, 
forming the visible land surface over much of Minnesota. 

The basement rocks generally are not prominent aquifers. They are dense and 
hard, and seldom have open spaces capable of holding water, except in cracks and 
crevices created by differential earth movements. They occur at or very near 
the land surface over much of northeastern and southwestern parts of Minnesota. 
There, and in a few other areas of the State where the overlying materials yield 
little ground water, fractured basement rocks are the only aquifers available 
and are locally important. Fractures and cracks may be interconnected, but only 
in a few known sites do they contain enough storage space to have significant 
water yields over large areas. As with the ground water flow, any potential 
pollutant migration is through the fractures. The fractures are difficult to 
locate, and they lead to complicated, unpredictable flow patterns. Thus, it can 
be very difficult to develop a reliable ground water monitoring system. If 
basement rocks are shallow enough to be of interest at a land disposal site, the 
hydrogeologic investi~ation must identify any fractures, determine how they are 
interconnected, delineate how ground water moves through them, and figure out 
how to monitor them. 

Bedrock formations are found on top of the basement rock in most parts of 
the State. Much of the southwestern and western parts of the State contain 
scattered remnants of sedimentary bedrock of Cretaceous age. These consist of 
mixtures of loose sand, sandstone, siltstone, and shal~ ranging up to 500 feet 
thick. Most often they are low yielding water sources, but are important 
1 oca lly. 

The most important bedrock source of ground water in Minnesota, though, is 
the porous and permeable sedimentary bedrock of the southeastern quarter of the 
State. This consists of one to five major water-yielding sandstone and 
limestone aquifers. The Twin Cities are located within this geologic setting. 
These layers of sandstone, dolomite and limestone are separated by relatively 
impermeable layers of shale and siltstone that confine the ground water under 
artesian' conditions. In areas adjacent to river valleys, however, they are 
unconfined. Not all units are present in all locations due to uneven deposition 
and subsequent weathering and erosion. 

Ground water flow is through the pore spaces between sand grains in the 
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sandstones. Fracture flow occurs in all the formations and is the predominant 
mode of flow in the carbonate aquifers, the dolomites and limestones. Thus 
fracture flow can present the same problems for prediction and monitoring as in 
the basement rocks. Iri the karst area of far southeastern Minnesota, fractures 
and openings in the upper bedrock carbonates have been enlarged by dissolution, 
erosion, and collapse. As discussed in subpart 2, the problems of contamination 
potential, flow prediction, and monitoring are intensified in this setting. 

Finally, unconsolidated layers and lenses of sand, gravel, silt, clay and 
boulders cover the bedrock or basement rock over practically all of the State, 
except where the basement rocks or porous bedrock are exposed at the land 
surface. The unconsolidated soils range in thickness up to 600 feet or more. 
They provide ground water to most of the households served by domestic wells in 
the State. They also supply most ir.rigation wells and most municipal wells in 
western Minnesota. 

Most of the unconsolidated materials are the result of glaciation. 
Minnesota was overridden by numerous glacial advances which deposited complex 
sequences of,glacial soils of d1ffering permeability and mineral composition. 
References 50 and 51. Glaciation shaped Minnesota into some 27 physiographic 
provinces, each with its own internal.complexities of soil types and 
variability. Reference 52. Glacial deposits generally are much more 
heterogeneous than the basement or bedrock. A particular site may contain a 
variety of deposits. These deposits may be irregularly, unpredi·ctably shaped, 
and they may contain a broad range of soil permeabilities. A site may contain 
one or more distinct tills (an unsorted clay- to boulder-sized mix of material 
deposited directly by the glacier), various more permeable ice-contact and 
meltwater sand and gravel deposits, lake deposits, and all gradations between 
these material types. Low-permeability tills commonly contain highly permeable 
sand lenses and stream deposits, which may be of limited extent or may provide 
continuous pathways for contaminant movement. Clayey lake deposits often 
contain coarser, more permeable beach ,ridges and near-shore deposits. 

Nonglacial unconsolidated materials also may be highly heterogeneous. Also 
common in Minnesota, these nonglacial materials include alluvium (stream 
deposits), colluvium (slope deposits), and residuum (residues from weathering of 
bedrock or basement rocks). 

In summary, hydrogeologic conditions vary widely from place to place 1~ithin 

Minnesota, and even within individual sites. The water table is virtually at 
the ground surface in some areas and more than 200 feet deep in other areas. 
Each site presents a unique hydrogeologic condition, with different challenges 
for siting, hydrogeologic evaluation, and monitoring. This variability demands 
that the proposed rules incorporate flexible standards for both facility 
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locations and hydrogeologic evaluations. Accordingly, subparts 2 and 3 and 
other portions of the proposed rules emphasize site-specific conditions and 
allow options based on site conditions. 

Subpart 3. Hydrogeologic evaluation. This subpart requires the facility 
owner or operator to complete a hydrogeologic evaluation of land disposal sites. 
This evaluation consists of field, laboratory, and literature investigations. 
The purposes of the hydrogeologic evaluation are: 

1. to define the conditions that would control or influence pollutant 
migration from the facility, and to estimate the directions and 
rates of subsurface pollutant movement; 

2. to define soil and ground water conditions that may affect the 
performance of the facility, so that these conditions are taken 
into account in locating the facility within the site and in the 
facility design, operation, and contingency planning; 

3. to provide the hydrogeologic information needed to determine 
whether the facility is located in compliance with subpart 2; and 

4. to provide the information needed to design effective systems to 
monitor ground water, surface water, and gas. 

All mixed municipal solid waste and disposal facilities, both new and 
existing, are required to develop this information. Under the terms of amended 
permits issued since 1982, existing facilities have been required to conduct 
hydrogeologic evaluations. The hydrogeologic evaluation provides an 
understanding of subsurface conditions that influence facility performance. 
Without this evaluation, an unreasonable condition would exist: the facility 
could not be sited, designed, or monitored; and the types of corrective action 
that may be needed, and the anticipated success of each, would remain unknown. 
The public would be ill-served without such an evaluation. The almost universal 
existing condition of adverse ground water impacts from existing Minnesota mixed 
municipal solid waste land disposal facilities clearly demonstrates that the 
hydrogeologic evaluation is needed and reasonable for these facilities. 

A thorough hydrogeologic evaluation has become standard p~actice for siting 
land disposal facilities nationwide. The amount and extent of information 
needed to conduct a hydrogeologic evaluation is not new. The Agency's 
"Guidelines for a Hydrogeologic Investigation of a Solid Waste Landfill," first 
issued in February 1985, describes a similar approach. See Exhibit XIX. 

Because many existing facility owners and operators have undertaken 
hydrogeologic evaluations since 1981, they have already fulfilled many of the 
requirements of subpart 3. This is also the case for facility owners and 
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operators conducting remedial investigations to determine what corrective 
actions may be needed to address ground water pollution. These facilities may 
already be subject to requirements equivalent to,' or more stringent than, 
subpart 3. As permits are renewed for facilities that have completed 
hydrogeologic studies, the Agency wi 11 determine case by case whether any 
additional work must be done to comply with subpart 3. 

·Subpart 3 consists of items A to D, which contain general requirements 
applicable to all parts of the hydrogeologic evaluation, and items E to I, which 
prescribe four main phases of the hydrogeologic evaluation. 

Item A requires the facility owner or operator to investigate and define the 
hydrogeologic conditions at the facility. Item A further requires that the 
hydrogeologic evaluation is a condition required for obtaining or retaining a 
permit, and must be included in the permit application required for proposed new 
or expanded facilities. For existing facilities, the Agency amends the facility 
permit to include a timetable for completion of the various phases of the 
hydrogeologic evaluation. Failure to comply with permit conditions may result 
in Agency administrative or legal actions to compel compliance. Item A also 
requires updates and revisions to the hydrogeologic evaluation as needed to 
clarify renewed uncertainties about the hydrogeologic conditions or to define 
changes in those conditions. This provision ensures that the understanding of 
subsurface conditions remains reliable and current. Updates may be required 
after review of the permit every five years, or during the term of the permit if 
there is good cause. Causes for updates may include indications from the 
monitoring data that pollutant migration is different than predicted, or that 
high-capacity ground water withdrawals are inducing new ground water flow 
patterns. 

Item A allows the facility owner or operator to use previous work that is · 
reliable, well-documented, and equal in information content to fulfill the 
requirements of subpart 3. This provision avoids needless redoing of previous 
site investigation. The provision was suggested by commentors who wanted it 
clarified that the Agency could not arbitrarily dismiss previously-generated 
information. 

Item B requires that the hydrogeologic evaluation be conducted in phases. 
The work done under each item F to I builds on the information developed in 
earlier phases of the hydrogeologic evaluation. Such phasing is recommended in 
the Agency's existing hydrogeologic investigation guidelines. S~e Exhibit XX. 
It has been incorporated into many of the amended permits. The four main phases 
identified in subpart 3 are: the preliminary investigation (item E), in which 
already-available information is compiled to inform.and guide the subsequent 
investigations; the detailed site investigation (items F and G), in which field, 
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laboratory, and interpretive work are done to define subsurface conditions and 
anticipated pollutant migration; design and installation of a water monitoring 
system (item H); and water quality monitoring (item I). 

The requirement for a phased hydrogeologic evaluation is needed to ensure 
that the Agency has regular opportunities to provide input to the facility owner 
or operator during the investigation. Without this regular input, it has been 
the Agency's experience that large amounts of work must be redone or 
supplemented because the methods used do not meet acceptable standards, or 
because the investigation is not adequately directed toward particular aspects 
of the subsurface conditions that could have been identified at an earlier 
stage. The Agency provides comments that allow the facility owner or operator 
to focus on conditions that may affect the permitting, placement, or design of 
the facility. In some cases this allows an early determination that a site may 
be unpermittable or permittable only with extreme design measures. The facility 
owner or operator can then save the expense of a complete hydrogeologic 
evaluation and redirect efforts toward a more suitable site. All parties can 
avoid the increased pressure to proceed with a bad site that inevitably results 
as the investment in the site grows. The requirement for phased investigation 
is a widely accepted practice. Most facility owners and operators and 
consultants now recognize that it is to their advantage to obtain Agency 
comments regularly in order to be cost effective. 

Subitem (1) requires that before entering a new phase of the hydrogeologic 
evaluation, the facility owner or operator must submit for the Commissioner's 
approval a detailed description of the work proposed for that phase, and a 
report of the findings from the preceding,phase, accompanied by supporting data. 
This requirement provides the Agency with ordered presentations of the findings 
and proposed work. The Agency must review this information to support comments 
on the proposed work. The facility owner or operator should submit this 
information to the Agency, since hydrogeologic investigations require careful 
planning. The final report must present all findings in an organized manner 
with appropriate documentation. Despite some commentors' concerns about delays 
caused by this process, the Agency believes Agency approval is appropriate 
before proceeding with a new phase. The Agency is cognizant of the impact of 
delays. The Agency now strives to shorten review time for investigations in 
progress. A short delay is warranted, given the benefits of the Agency review. 
The actual number of reports and 1vork plans includes three work plans, coming 
between the four major phases. This results in very minor time losses in, the 
entire scope of the hydrogeologic investigation. Review points in the 
investigation are typically used as times to prepare for the coming phase; 

Subitem (1) authorizes the Commissioner to require additional work plans to 
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enable additional reviews between successive stages of investigations. This 
provision is for investigations that involve major decision points on how to 
proceed or generate large amounts of data requiring extended review times. 
Consultants typically organize the detailed site investigation into a series of, 
successive rounds of drilling or testing, with each round of work used to more 
efficiently focus the next round. Consultants and facility owners or operators 
often want the reassurance of frequent submittals and meetings with the Agency 
during the course of the hydrogeologic evaluation. The Agency requires 
additional submittals judiciously, and can often accomplish intermediate reviews 
in meetings or by telephone, without any extensive exchange of paperwork. 

Subitem (2) requires that soil and rock samples be retained for at least 90 
days after submitting the report. This requirement allows the Agency the 
opportunity to inspect the samples, and, if necessary, require additional 
classification or testing. Inspections of samples enable the Agency to evaluate 
the validity of the consultants' soils correlations, test results, and 
interpretations. Ninety days allows the Agency to establish whether there is a 
need for inspection or further work. At a site where there is a greater 
potential for pollution, many consultants now retain samples for the life of the 

. project. 
Item C requires the facility owner or operator to define the hydrogeologic 

conditions within the areas specified in subitems (1) to (5). It is necessary 
and reasonable to define the target area because questions usually arise on the 
areal extent and depth of drilling required. The facility owner or operator 
normally does not want to do more work than necessary, and it would be 
unreasonable to require them to do so. 

Item C limits the target area according to the objectives that must be met 
and the subsurface conditions. This approach is preferable to rigid standards 
that would arbitrarily specify distances or depths applicable to all sites. 
Soils and ground water conditions vary from one site to another. Distances and 
depths arbitrarily specified for all hydrogeologic investigations would be under 
protective for some sites and gross overkill for others. The approach in item C 
better ties the investigation requirements to the needs at the particular site. 
A secondary result is that the facility owner or operator might be rewarded with 
some savings in hydrogeologic evaluation costs by choosing a site where the 
soils and ground water conditions are more suitable to prevent pollutant 
movement. 

Subitem (1) requires facility owners and operators to define hydrogeologic 
conditions beneath the waste fill area and leachate management system. The 
soils and ground water directly beneath these areas would be the fir~t affected 
by leachate migration from the facility. This provision can be waived under 

I . ~ 
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filled areas at existing facili.ties where drilling through refuse might create 
pathways for pollutant migration. Regardless of technologies available to 
reseal drillholes, t~e risks might outweigh the benefits at existing sites. The 
Agency can normally use the information obtained from areas surrounding the 
actual fill area. Under the proposed rules, the Agency will require drilling 
within existing fill areas only where essential hydrogeologic information cannot 
be obtained by other methods and the additional risk is warranted. 

Subitem (2} requires definition of hydrogeologic conditions beyond the waste 
fill area and leachate management system based on the directions and rates of 
ground water flow. Studies completed under this subitem will define the 
conditions that control pollutant migration. It is necessary to define the 
conditions controlling pollutant movement for the reasons already given in the 
general discussion on subpart 3. The language of subitem (2t leaves room for 
discretion; some persons might be more comfortable if the rule specified a fixed 
distance from the facility within which conditions must be defined. However, 

·this approach would ignore the fact that ground water flow is very different 
among sites. The rate of ground water movement can vary depending on soil 
permeabilities and the hydraulic gradient. For example, at sites where ground 
water flow is rapid it will be necessary to define hydrogeologic conditions 
farther from the actual fill area. 

An approach that may have promise, either to assist in applying subitem (2} 
or to incorporate into some future rules revision, is the time-of-travel 
criterion. This approach is currently being developed in federal regulations 
and guidance. The distance it would take pollutants to migrate over some 
specified time period (e.g., 10 years, 100 years} is calculated. This distance 
is then used in one of several ways, for example, as a measure of ground water 
vulnerability, a criterion for monitoring well placement, or some other type of 
decision criterion. Until there has been some experience with the 
time-of-travel approach, the approach in subitem (2} will be used to identify 
potential impacts. 

Subitem (3} requires definition of ~dtogeologic conditions within areas 
where corrective actions would be taken to contain, recover, or treat leachate 
or polluted ground water. This provision ensures that corrective actions are 
planned, financed, and carried out based on a sound understanding of the 
hydrogeologic conditions. This provision is not a fixed standard because the 
locations where corrective measures can be placed vary from site to site, and 
alternative procedures to make the requirement more specific are not available. 

Subitem (4} addresses the vertical extent of the hydrogeologic evaluation. 
It lists five conditions defining the required vertical coverage. The last 
paragraph of item C provides an exception to these requirements. 
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Units (a) and (b) require definition of conditions in the unsaturated zone 
and in any perched saturated zone. Conditions in the unsaturated zone control 
the movement of pollutants. Conditions such as low permeability, high 
adsorption, and high cation exchange capacity may restrict pollutant migration. 
In contrast, high permeabilities, low attenuative capacity, and fracturing are 
examples of conditions that may allow rapid pollutant migration. Perched 
saturated zones, .i.e., thin zones of ground water perched by low permeability 
units above the zone of continuous saturation, are common in Minnesota's glacial 
soils and in several of the bedrock formations. Perched zones can cause· 
pollutants to travel laterally. They may also interfere with liners and 
leachate collection by supplying unanticipated quantities of water to these 
systems. Such conditions can be identified through common soil sampling and 
testing methods. 

Units (c), (d), and (e) describe the vertical extent of the hydrogeologic 
evaluation in the saturated zone. The saturated zone contains the ground water 
that these rules are intended to protect. Proper siting, design, monitoring; 
and contingency action planning depend on knowledge of the soil and ground water 
conditions in the saturated zone. 

Unit (c) requires the hydrogeologic evaluation to define conditions within 
the zone of continuous saturation, from the water table, (the uppermost limit of 
the saturated zone) through the uppermost aquifer, the next aquifer below it, 
and any intervening units. Depending on individual site conditions, this 
represents from two to four units: two units if the water table occurs in the 
uppermost aquifer and the next underlying aquifer is directly in contact with 
this water table aquifer; three units if a saturated low permeability unit, or 
aquitard, overlies one of the two uppermost aquifers; or four units if aquitards 
overlie both of the two uppermost aquifers. 

This condition recognizes the movement and interconnection of ground water. 
It is not protective to permit a land disposal facility knowing only the 
conditions in the first aquifer or aquitard. It is more prudent to determine in 
advance deeper aquifers that may be affected by pollutant migration, so that 
contingency action plans and financial assurance can address any threat to 
deeper ground water. It is less prudent to wait for the first aquifer to become 
polluted and only then investigate the deeper ground water resources, 
particularly since deeper ground water is often used as a drinking water source 
in Minnesota. 

Some commentors have questioned whether unit (c) is reasonable in practice 
when applied to sites with very thick hydrologic units or a very deep water 
table. At these sites, they fear, the costs of the hydrogeologic evaluation 
could become prohibitive due to the costs of deep drilling. 
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Three considerations indicate that unit (c) is reasonable. First, under the 
1 ast paragraph in i tern C, the Commissioner may approve a depth shall o~1er than 
required in subitem (4) if there is little likelihood that pollutants will 
migrate below this depth. If the deeper ground water is not at risk, due to 
ground water flow directions, impermeable protective confining units, fail-safe 
provisions for containment and recovery of pollutants, or other factors, the 
Commissioner may allow the facility owner or operator to limit the hydrogeologic 
evaluation to a lesser ,depth. The Agency anticipates the need to make this 
judgment in some cases. Second, hydrogeologic conditions at greater depths 
generally can be defined without extending every drillhole or piezometer to 
these depths. Ground water flow directions and rates usually become less 
variable with greater depth below the water table and can be predicted with 
fewer direct measurements. In many sections of Minnesota, the geology may also 
become less complicated with depth. Finally, if the cost of the hydrogeologic 
evaluation remains prohibitive despite the preceding conditions, then the site 
is probably de~icient. If deep ground water is potentially threatened, then 
corrective action may also be cost-prohibitive, and the site may be unsuitable 
for a land disposal facility. 

Unit (d) requires where facilities that have affected ground water quality 
to a depth greater than given in unit (c), the hydrogeologic evaluation must be 
extended through at least the lowest affected aquifer. This condition assures 
that pollutant impacts are defined, regardless of where these impacts occur. 

Unit (e) requires the hydrogeologic evaluation to cover any deeper aquifers 
used locally as major sources of water supply. A major source means that the 
aquifer supplies drinking water for a significant number of people or large 
quantities of water for other purposes. This provision is necessary and 
reasonable for the protection of public health and valued resources. If the 
aquifer is a major source of water supply, then considerable information on 
subsurface conditions will be available from governmental agencies and from well 
logs, and the amount of on-site work needed will be reduced correspondingly. 

The last paragraph of item C, which allows the Commissioner to approve a 
minimum depth shallower than required in subitem (4), has already been described 
and illustrated in the discussion of subitem (4), unit (c). Hydrogeologic 
investigations at great depths are costly and should not be undertaken if it can 
be shown that there is little likelihood of pollution migrating to these depths. 

Item D provides flexibility in applying the requirements in the remainder of 
subpart 3. Specifically, it provides a mechanism whereby the facility owner or 
operator may propose, and the Commissioner may approve, alternatives to the 
procedures required in items E to I. This approach allows items E to I to be 
specific without the danger of inflexibly dictating procedures that might not be 
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appropriate in every case .. The alternatives to this approach would be either to 
be specific, inflexible and possibly wrong about the best methods of 
investigation, and to require variances when the specified methods are 
inappropriate; or to have non-specific requirements flexible enough to cover any 
situation. Item D supplies a prudent middle ground, which combines specificity 
and flexibility when changes are justified. Requests for alternative procedures 
can be incorporated into the work plans required under item B. 

Item D represents a flexible rule administration. The Commissioner may 
approve or require changes from the requirements in items E to I only for good 
cause, including the specific cases given in subitems (1) to (4). Subitem (1) 
addresses situations where subsurface conditions are shown to be uniform, or the 
requirements prove to be unnecessary or excessive for site conditions. Uniform 
soils and other circumstances can render certain requirements of items E to I 
unnecessary. For example, the requirements of item F for minimum numbers of 
borings in subitem (3) and for a 5-foot soil interval between soil samples in 
subitem (5) are generally appropriate, but they may be unnecessary for a 
facility located in a uniform lake plain, sand plain, or other setting in which 
the subsurface materials do not vary across the site. 

Subitem (2) is the case where a requirement is infeasible for a particular 
site or hydrogeologic condition. For example, the methods for securing 
undisturbed soil samples specified in item F, subitem (5), have broad 
application, but in some soils they may prove impossible. Again, the Agency 
needs the option to develop a reasonable alternative. 

Under subitem (3), alternative procedures are authorized when they produce 
more or better information or when they reduce the chance of interconnecting 
aquifers. It may sometimes be possible to substitute geophysical or other 
noninvasive methods in place of drilling .• if there is cause for concern about 
opening up new holes that might inadvertently provide pathways for movement of 
pollutants. Geophysical methods generally are less accurate and may be subject 
to multiple.interpretations, and drillholes can be carefully resealed, but 
situations may arise where the risks of drilling outweigh the benefits. 

Finally, subitem (4) allows for exceptions when the required procedures are 
not sufficient to produce the hydrogeologic information needed for the report in 
item G. The Commissioner may approve or require changes. The facility owner or 
operator must develop an understanding of the soil and ground water conditions; 
if procedures specified in items E to I do not provide that understanding, they 
are not needed or reasonable. 

A further constraint on the use of alternative procedures is the final 
paragraph of item D. It states that in all cases, alternative procedures are 
acceptable only if the subsurface conditions are thoroughly defined an4 the 

•.: 
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alternative procedures do not add to uncertainty in monitoring and corrective 
action. This condition clarifies that alternative procedures proposed for 
economy and convenience are not acceptable if they result in incomplete 
knowledge of the conditions controlling pollutant migration or less reliable 
monitoring and corrective action. Additional measures will be required to 
provide information on subsurface conditions to ensure pollutants can be 
monitored. 

Item E contains requirements for the first phase of the hydrogeologic 
evaluation. The first phase includes a preliminary evaluation of available 
published and unpublished information about the site and surrounding area. It 
is standard practice to develop this information first because available 
information can often provide a good understanding of the overall hydrogeologic 
framework. This information includes regional geology, ground water flow 
conditions, and ground water quality. This knowledge is critical to focusing 
the on-site evaluations on the most pertinent conditions controlling pollutant 
mobility. This knowledge makes the on-site investigation more efficient. The 
preliminary evaluation often provides enough information for the facility owner 
or operator to determine whether the site is likely to prove suitable for 
construction of a land disposal facility. Therefore, gathering available 
published and unpublished information is reasonable. 

Available information includes reports, data, well logs, maps, and aerial 
photography. This information may be available from State, federal and local 
agencies; research findings; and other sources, such as well drillers and 
privately-commissioned studies. Information on the area surrounding the 
facility is required because ground water f,low does not begin or end at property 
boundaries. It is important to understand what off-site conditions control the 
on-site conditions and what off-site water resources and water uses would be 
impacted by a release from the facility. 

The minimum contents of the phase one report are given in subitems (1) to 
( 6) of i tern E . 

Subitem (1) requires a description of previous investigations of the site 
and surrounding area. The subitem also requires a discussion of the reliability 
and completeness of this information. The reasons given in the paragraph above 
apply here. Quality of hydrogeologic investigations varies. Field work, data 
reliability, and procedural rigor differ according to the objectives. Some 
studies may provide information that can be applied to the site.with certainty 
and substituted directly for part of the work. Other studies may provide only a 
useful working hypothesis that must be established through more complete on-site 
investigations. 

Subitem (2) requires that·descriptions, maps, and aerial photographs be 
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submitted for the site and surrounding area, as available. This provision is a 
listing of the components of any preliminary hydrogeologic evaluation. The 
components of any preliminary hydrogeologic evaluation include: 

a. geologic history; . 
b. stratigraphic sequence; 
c. soils; 
d. topography; 
e. vegetation; 
f. climate; 
g. surface water hydrology; 
h. area water usage; 
i. regional hydrogeologic setting; 
j. ground water occurrence at the site; 
k. aquifers and aquitards; 
1. hydrogeologic parameters such as transmissivity and storage 

coefficients; 
m. recharge and discharge areas; 
n. rates and dir~ctions of ground water movement; and 
o. water quality. 

The reasonableness of providing this information is discussed-in the following 
paragraphs. 

Geologic history enables a geologist to reach conclusions about soils and 
bedrock conditions associated with the geologic environment under which these 
materials were deposited or formed. For example, knowing that a period of 
glacial advance over a site was preceded by an interval of glacial stagnation 
will lead the geologist to conclude that a more complex or higher-permeability 
unit, such as outwash, kame deposits, or stagnation till, probably underlies the 
surficial till and should be a focus of the on-site investigations. 

Topography, vegetation, surface water hydrology, and climate are all 
important influences on the site's hydrology, slope stability, and potential 
releases from the facility. 

The stratigraphic sequence beneath the site provides the facility owner or 
operator an understanding of the layering of rocks and of the effects that this 
1 ayeri ng may have on po 11 utant mi grati"on from a facility. Information on soils 
is important to consultants, the Agency, and facility owners and operators to 
assess the likelihood of a site being suitable for use as a land disposal 
facility. This information is used to plan soil borings and other on-site 
investigations to evaluate specific conditions at the facility. The importance · 
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of soils information indicates the need to include it in all hydrogeologic 
evaluations. 

Considerable information is needed regarding ground water movement and the 
water usage under the area surrounding a site and the site itself. The regional 
hydrogeologic setting ground water occurrence at the site, and the distribution 
of aquifers and aquitards provide a general picture of how a land disposal 
facility may impact these resources. Guided by this preliminary information, a 
hydrogeologic evaluation program can be designed to further identify specific 
areas of concern at a site. Information on the rates and directions of ground 
water movement would be used to focus investigative field work in the direction· 
of flow. Hydrogeologic parameters may be available from previous pumping tests 
of aquifer yield. The parameters specifically listed, transmissivity and 
storage coefficient, are standard measures of the formation's ability to yield 
water, Recharge and discharge areas, where they can be identified, are 
important to understanding the ground water flow system and the points where 
ground water and surface water may be most vulnerable. Recharge areas are 
locations where an aquifer receives its water from either direct infiltration of 
precipitation or leakage from overlying units. More care is needed to protect 
ground water in recharge areas. Discharge areas are locations where the ground 
water moves back to the surface, either to surface waters or to plant uptake and 
direct evaporation from soils. In these areas, where ·ground water is at less 
risk, but surface waters and soils are potentially impacted by emerging polluted 
ground water. 

Including as much available information as possible in the preliminary 
hydrogeologic evaluation ensures the earliest approval or rejection of a site. 
Additionally, this information will assist in the establishment of the most 
efficient field investigation program possible. 

Subitem (3) requires one or more geologic columns or sections. This is 
a standard depiction of the vertical sequence, average thicknesses and material 
type of the geologic units present at a site. It organizes information into a 
readily understandable format. 

Subitem (4) requires cross-sections, oriented along and perpendicular to the 
directions of ground water flow. A cross-section is a standard geologic visual 
depiction of a vertical slice of the earth. it differs from the geologic column 

• in that it extends across the site and shows how the scil and bedrock'units 
thicken and thin laterally. Orientation along and perpendicular to the flow 
directions makes cross-sections more useful in reflecting flow and in revealing 
geologic conditions controlling flow. Cross-sections are valuable where the 
available information is sufficient to develop them; the number of 
cross-sections generated in this preliminary phase is dependent on data 
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availability and site variability. The Agency also recognizes that, due to 
variability in ground water flow directions, it may only be possible to align 
cross-sections with the predominant direction of flow, or with the flow in the 
aquifer of concern. 

Subitem (5) requires an inventory and plan map of all active, unused, and 
abandoned wells within one mile of the facility, and all high-capacity wells _and 
community water supply wells within three miles of the facility. A community 
water supply, as defined in Minn. Rules pt. 4720.0100, and referred to in part 
7035.0300 of these proposed rules, is "a public water supply or system which 
serves 15 service connections or living units used by year-round residents, or 
regularly serves at least 25 year-round residents.'' 

The information required in subitem (5) is important because water supplies 
potentially impact public health and other valuable water uses. High-capacity 
withdrawals for irrigation, public water supply, or other purposes may draw 
ground water from the site. Improperly constructed wells, particularly those 
that are old and not maintained, may provide a vertical connection between 
aquifers. This enables pollutants to migrate in w~s that might not otherwise 
be discovered. Drillers' logs of well construction and geologic materials 
encountered provide valuable information about hydrogeologic conditions. The 
one-mile radius is reasonable; beyond this distance wells are generally not in 
jeopardy from leachate. A three-mile radius is needed to protect high-capacity 
wells and community water supplies because of their greater potential to divert 
ground water flow from its normal flow direction changing the point of impact. 
The larger radius also reflects a greater public health concern for community 
water supplies because of the potential to affect more people. 

Although the premise of the preliminary investigation is to use already 
available information with a minimum of on~site work, the last sentence of 
subitem (5) does allow the Agency to require interviews and surveys of well 
owners if well logs are not available through other sources. Commentors 
suggested that this activity represents a more intensive gathering of 
information that should take place during the detailed si~e investigation. The 
Agency believes it may be appropriate to require this information during the 
preliminary investigation phase if available sources do not yield even a minimal 
understanding of the hydrogeologic setting. -

Subitem (6) requires owners or operators of existing facilities. to provide a 
preliminary evaluation of the adequacy of the water monitoring system, the 
monitoring points' compliance with the Minnesota Water Well Construction Code, 
and the water quality monitoring data developed from that monitoring system. 
Although a more thorough evaluation of existing monitoring points is required 
later in item H, subitem (1), conducting a visual inspection of the·wells and 
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review of the well logs at this stage will determine the validity of the data 
obtained from these wells. This preliminary evaluation can also help define the 
testing needed to evaluate the adequacy of the monitoring points. 

Items F and G give the requirements for the second major phase of the 
hydrogeologic evaluation. Item F focuses on what must be done in the detailed 
site investigation, and item G specifies what must be included in the report on 
this phase. Item F begins with the general ·statement that the facility owner or 
operator must conduct a detailed evaluation of the distribution and properties 
of the materials underlying the site and the ground water conditions beneath the 
site. The need and reasonableness of this provision have already been 
established in the general dtscussion of subpart 3 above. 

Subitem (1) states the conditions that the investigation must identify. For 
many of the hydrogeologic conditions cited in subitem (1), need and 
reasonableness have been discussed earlier. Delineating the areal and vertical 
extent of the. soil and bedrock units is needed because changes in the geo 1 ogy 
normally exert a strong influence on ground water flow and pollutant migration 
patterns. For instance, it is important to know whether permeable zones offer a 
continuous path for pollutants to follow, or whether they gradually disappear 
and have less influence on flow. The role of perched saturated zones in 
diverting flow laterally in the unsaturated zone has been described under item 
C, subitem (4), unit (b) above. }tis important to define the directions of 
ground water flow in both their horizontal and vertical dimensions. Upward or 
downward ground water movement is very common, especially in low permeability 
units and areas of pumping withdrawals. Vertical components of flow cannot be 
detected if water level measurements are taken only from wells installed in the 
top of the uppermost aquifer. If a vertical component of flow goes 
unrecognized, monitoring systems are much less effective because pollutants flow 
below the bottom of the monitoring points. Finally, requiring advance 
prediction of pollutant movement has been discussed regarding subpart 3 and will 
be further described under item G, subitem (6). This prediction is essential to 
the design of monitoring systems and corrective·actions, as well as facility 
placement and design. 

Subitem (2) specifies the contents 'of the work plan required for the 
detailed investigation phase. The work plan must describe the proposed methods· 
of investigation, quality control measures, and the rationale for the proposed 
work. This provision is needed and reasonable because it provides the Agency 
with the information needed to comment on the proposed wo;k. The facility owner 
or operator needs this information to carry out a well-targeted, cost-effective 
investigation that generates reliable information. It is important to structure 
the investigation to address anticipated hydrogeologic conditions and to· 
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identify the critical aspects of this working hypothesis to be tested. Careful 
planning minimizes the amount of field work needed. 

Subitem (2) further specifies that the work plan describe the planned 
numbers, location, depths of soil boring and sequence of the hydrogeologic work. 
This information will enable the Agency and the facility owner·or operator to 
evaluate whether the posed questions can be answered, and whether the 
investigation will provide the level of resolution necessary to have confidence 
in those answers. It is reasonable for the facility owner or operator to do 
this planning to ensure the investigation will meet the Agency's needs and the 
facility ol'lner's or operator's objectives in the most efficient method. The 
Agency recognizes the desirability of modifying these plans as the investigation 
progresses and the information needs change. The Agency does not hold the 
facility owner or operator rigidly to what was initially approved if conditions 
warrant change. The proposed rules provide for modification of the work plan 
under item D. 

Subitem (3) requires sufficient soil borings to define the hydrogeologic 
conditions within the areas specified in item C. The rule states requirements. 
for an initial round of drilling. The results from initial drilling operations 
normally identify some conditions that were not anticipa,ted, and require 
additional investigation. In this initial drilling, borings are positioned 
throughout the site. Borings must be placed within specific geomorphic features 
bec'ause the topographic expression indicates that the underlying geo 1 ogy may 
differ from the surrounding area. For the same reason, borings must be placed 
within any geophysical anomalies. Geophysical investigations are often done 
before any extensive drilling to target areas in which to concentrate the 
dri 11 i ng. This provision assures that soils information _; s generated to verify 
conditions beneath all portions of the site. Soil borings provide direct 
information, .which is more accurate than geophysical investigation and subject 
to fewer interpretations. 

Minimum numbers of borings are specified for the initial drilling. These 
numbers have been developed to serve as a starting point and have not been 
specified in existing guidance documents. See Exhibit XIX. Facility owners and 
consultants often propose to conduct few soil borings. Their proposals are 
usually inadequate to determine subsurface conditions because geologic units in 
Minnesota typically vary in thickness and characteristics over short'distances. 
Specifying the minimum number of -soil borings ensures that a minimum level of 
soils information is obtained in support of the correlations and interpretations 

' ' 
used to predict ground water flow. It is also important to recall item D, which 
provides for alternatives to these soil boring requirements. As previously 
discussed, item D permits fewer borings if the site has uniform subsurface 
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conditions and the Commissioner approves the change. 
In developing the proposed rules, the Agency considered the need to require 

specific numbers of soil borings to be completed at any one site. As discussed 
earlier, existing guidance manuals provide little in the way of direction, 
although minimum numbers of borings have been specified in other states. 
Facility owners and their consultants are concerned with the cost associated 
with completing a hydrogeologic evaluation in addition to understanding the site 
characteristics. Therefore, they wish to minimize the number of borings 
completed. The Agency is concerned that sufficient detail be gathered about the 
site conditions to accurately depict subsurface conditions. Except in unusual 
circumstances, this cannot be accomplished with a handful of borings. In some 
cases conflict over this issue may result in halting the progress of an 
investigation until the number of borings can be agreed upon. It is not a 
useful expenditure of time or money for the consultant, facility owner or 
operator and Agency staff to argue over the difference in completeness and 
reliability of the information obtained from four soil borings versus twenty 
soil borings. The Agency believes it more realistic to establish minimum levels 
in the ru 1 es and pro vi de for some adjustment of these numbers. Minimum 1 eve.l s 
will provide a starting point from·which new information about site conditions 
can be used to adjust the actual number of borings completed. 

The number of borings proposed in the rules is based on the Agency staff's 
experience with hydrogeol?gic investigations. The minimum level of borings 
compels investigations that will provide a reasonable confidence level that 
variations in the site's geology and hydrology will be detected. Fewer borings 
would reduce the probability that discontinuous lenses of sand or gravel would 
be detected. However, greater than 15 borings are not needed on most ten-acre 
sites. 

The number of borings set as minimum requirements for sites of varying sizes 
was based on the number of borings needed to provide a density similar to that 
achieved at a site of ten acres with 15 borings. For larger sites, a comparable 
level of confidence can be obtained with a somewhat lower minimum density. This 
is because the larger total number of borings incre~ses the odds of at least 
detecting any anomalous condition. To determine the numbers of borings in 
subitem (3), a density index was used. The index set the number of soil borings 
needed on a specific size site to achieve approximately the same spacing of 
borings without consideration of any specific site characteristics. Using the 
index formula below, an 80-acre site would require 50 soil borings to maintain a 
density-spacing comparable to the minimum 15 borings for ten acres. A 100-acre 
site would require ?4 soil borings. The Agency believes these numbers for very 
large sites to be somewhat excessive'for the majority of situations encountered 
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in Minnesota. Therefore, adjustments were made downward. The numbers of 
borings used in subitem (3) result in some decrease in data density for larger 

·sites. A greater average spacing between the initial soil borings at larger 
sites assures a similar level of confidence despite a somewhat lower data 
density. 

The establishment of minimum numbers of soil borings in rule provides a 
reasonable approach for ensuring sufficient data points are obtained to gain an 
understanding of subsurface conditions without pin cushioning the site. 
Facility owners are provided with a starting point for estimating the work 
involved in a hydro·geologic investigation with no existing data available. 
However, evaluation of the geologic history of the site, boring logs from nearby 
wells and hydrogeologic maps may provide justification to deviate from these 
standards. The Agency provides for these adjustments in rule, rather than 
relying on the variance procedures established in chapter 14. 

The following calculation demonstrates the method used to set the spacings 
between soil borings. From this formula, the minimum number of soil borings was 
determined based on the control spacing achieved at a ten-acre site with 15 
borings crimpleted on it. 

s = ~ ' 

., 

where 
s = the density index, which is equal to the spacing between borings 

if the borings are evenly spaced in a perfect square; 
A = area of the site, in square feet; and 
n = number of borings. 

The calculation is based on a square grid of borings on a square site, with 
borings on the perimeter and, in the interior of the site. The density index, or 
approximate spacing between borings, for sites of various site sizes is as 
follOWS: 



Size of site 
(in acres) 

'10 
20 
30 
40 
80 

120 

Number 

-342-

of borings 

15 
25 
30' 
35 
45 
55 
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s 
(in feet) 

230 
233 
255 

'269 
327 
356 

Thus the average distance between borings is approximately the length of a 
city block, or a football field. The actual fill areas of most future land 
disposal facilities are expected to range from 10 to 40 acres. The spacings 
between most borings at these sites would be larger_than shown in the above 
table because borings would be concentrated in local areas of interest, leaving 
the rest of the site with fewer borings. Again, the gridding above was done 
only to calculate an index; the actual pattern at a real site would depend on 
site conditions. The index is used to show that a relatively consistent spacing 
between soil borings is maintained at all sites, thereby assuming a comparable 
level of detail and reliability for all sites. 

The Agency believes the numbers of borings s~~~ified in subitem (3) yield a 
reasonable data density that will enable interpretations that correctly 
anticipate ground water and pollutant movement. If the density of borings is 

I 
excessive at a given facility, the Commissioner may allow fewer borings under 
item D. 

Subitem (3) requires additional investigation, where needed, to delineate 
the soil and bedrock units identified in the initial drilling. This condition 
is the normal progression of a hydrogeologic evaluation. A hydrogeologic 
evaluation is conducted in phases to eliminate completion of unnecessary and 
expensive investigatory work. The initial ·drilling phase is conducted in a 
manner that provides the most information and·maximizes the chances of detecting 
anomalies in the 'subsurface conditions. The drilling pattern .is developed based 
on existing information. If the initial drillings have not adequately defined 
the thickness, extent, and properties of the soil and bedrock units, then 
follow-up investigation is necessary. 

Subitem (3) also provides that test pits may be required for examination of 
the near-surface soils. This may provide a continuous view of the soil that 
reveals the structure, continuity and other characteristics of the soil units in 
a way that a few small-diameter soil samples cannot. Pits can be dug quickly 
using a backhoe or other readily available equipment while providing detailed 
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information on the subsurface conditions. Finally, core samples of bedrock may 
be required to identify the stratigraphic position of the uppermost bedrock or 
to determine the water-bearing and water-transmitting properties of the bedrock. 
Drilling equipment is available to obtain cores and the Agency is limited under 
this subitem when it may require the owner or operator to incur the expense of 
rock coring. Rock coring may be required to define the size and orientation of 
fractures that could control pollution migration. 

Subitem (4) requires soil borings to comply with chapter 4725 requirements 
for test borings done in connection with the .installation of water wells. 
Subitem (4) requires proper sealing of borings before abandonment, so that the 
borings do not provide conduits for the spread of polluted ground water or 
poorer quality natural ground water. By referring to Minn. Rules pts. 4725.27DO 
to 4725.3100, subitem (4) extends the methods specified in the Well Code for 
sealing abandoned wells to soil borings at land disposal sites. The 
requirements specified in those rules are a reasonable precaution because the 
borings are located close to a potential source of ground water pollution. The 
rules include provisions .to remove debris and obstructions before sealing, to 
use low permeability well seal materials, and to report the sealing to the 
Minnesota Commissioner of Health. Subitem (4) goes further than the Well Code 
by requiring approval by the Minnesota Department of Health to seal wells ~sing 
materials other than grout, bento~ite, or other impermeable material. This 
considers the proximity of the soil borings to a potential pollution source; it 
ensures prior review of exceptions while providing the flexibility to recognize 
that grouting might not be justified in high-permeability soils. 

Subitem (5) requires soil samplers to use specified ASTM procedures or 
equivalent methods approved by the Agency. Reference 53. The three 
standards cited are widely used to obtain undisturbed samples. The methods for 
collecting undisturbed soil samples have been approved by the American Society 
for Testing r~aterials and are recognized by professionals as the appropriate 
methods for sample collection. Undisturbed samples are needed to accurately 
describe and classify texture, structure, and other features that influence 
ground water movement. Undisturbed samples also provide accurate elevations of 
features occurring within the sampled ·interval and are used to test gradations 
and permeability in the laboratory. They are reasonable procedures widely 
adopted and accepted for many different kinds of geotechnical investigations. 

The subitem also contains the specification for sample intervals. Within 
each soil boring, soil samples must be collected at 5~foot intervals and at 
changes in soil type. Soil samp 1 es are needed to determine soil type, soil 
structure, and other subsurface conditions accurately. Soil borings may be 
conducted using rotary augers, but augers mix soil from different depths and 
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destroy the soil structure. Therefore, borings must be sampled using methods 
capable of pulling undisturbed soil core·s out of the hole. Five-,foot intervals 
provide a reasonable vertical spacing between samples that provides sufficient 
detail to characterize subsurface soil conditions without impeding the 
investigation unnecessarily. Smaller intervals between samples would add 
considerable time to the investigation and are selectively employed. Provisions 
are included to address the situations when soil conditions appear to change. 
This determination is made during the boring process from cuttings. and 
difficulty of boring. 

Subitem (5) also requires that at least one boring per ten acres of proposed 
waste fill be continuously sampled below the elevation of the base of the fill. 
Continuous sampling is slo~1er than taking a sample every five feet. It is a 
common practice in site investigations determining the extent of pollutant 
impacts on a site, and·is increasingly common in evaluating proposed sites. It 
provides soils information that cannot be obtained with interval sampling. ·The 
continuous record ensures that thin units will not be missed. These units may 
influence ground water flow by acting as either barriers or conduits. Also 
under subitem (5), the Commissioner shall require more of these continuously 
sampled holes or other procedures if needed to determine detailed stratigraphy 
(i.e., the sequence, thicknesses and description of the soil or bedrock units). 
The Commissioner is required by this provision to justify any additional borings 
completed for continuous sampling. This condition is required only if 
necessary; thus, preventing any unnecessary work by the facility owner. 

Last, subitem (5) requires samples to be preserved and transported in 
accordance with another widely used ASTM industry standard. Reference 53. It 
requires protective shipping containers and other reasonable means to prevent 
damage, drying, cracking, and other disturbance that might preclude accurate 
description and testing. 

Subitem (6) requires that the soils and bedrock be described and classified 
using laboratory information, field observations and any geophysical logs. 
Field observations are needed because drilling conditions and other observations 
assist in interpretations of soil types, contacts between soi 1 s, and ground 
water occurrence. Geophysical logs are valuable in identifying thin units and 
defining the scale of these units and the accurate elevations of contacts 
between units. No specific classification method is specified because the 
relative merits of the widely-used Unified Soil Classification System (ASTM 
Standard D 2487) and the U.S. Department of Agriculture soil classification and 
other alternatives are not settled. Instead, subitem (6) requires soils 
descriptions to include properties that may affect the correlation of soil units 
from one location to the next, or may influence pollutant movement. Examples of 
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these properties are soil texture (particle size distribution and related 
properties), primary structure (i.e., deposition or other features associated 
with soil formation), secondary structure (e.g., fractures), and voids (empty 
holes). Each of these properties may influence water and pollutant movement. 
Last, subitem (6) requires description and classification of rock cores or 
samples using accepted geologic classification systems and nomenclature. Since 
there is no universally-used classification system, this provision makes sure 
the facility owner or operator uses a system that is widely acceptable; 

Subitem (7) requires that, based on the descriptions and testing ·required in 
subitems (6), (8) and (9), the soils and bedrock be classified and correlated 
over the site. This correlation of soil samples among many borings establishes 
the lateral extent and variability of individual soil units. Again, the 
occurrence and configuration of high- and low-permeability units are important 
because they are the main determinants of ground water flow patterns. 

Subitems (8) and (9) require laboratory and field (in situ) testing of 
soils, respectively. Each test is needed to verify the results of the other. 
Separate tests identify conditions that might cause a difference in results. 
Subitem (8) requires laboratory testing of a series of soil samples taken from 
different borings and elevations within each soil unit identified on the site. 
This distribution of samples helps ensure that the samples tested accurately 
represent the variability within soil units, both laterally and vertically. 
Subitem (8) requires development of a specific procedure and supporting 
rationale to select test samples that are either representative of the unit or 
are from key or critically-located points within the unit. This allows 
flexibility to respond to conditions encountered at each site. 

The laboratory testing and field testing must determine the water-bearing 
and water-transmitting properties of the soil units. As was stated ·under 
subitem (7), these are the key physical properties of soils that control the 
rates and directions of ground water and pollutant movement. Specific 
properties are required as appropriate for each site. The properties include 
particle size distribution, porosity, vertical permeability, and clay mineral 
content or cation exchange capacity. Any or all of these conditions may be 
important for a given combination of site, facility design, and leachate 
composition. They will be required only where important. The test for particle 
size distribution is a common ASTM procedure and is a predictor of permeability, 
porosity, and capacity to adsorb or absorb pollutants. Porosity, the percentage 
of pore volume between soil particles, is easy to measure by comparing wet and 
dry weights of a soil sample. It represents the volume of space available for 
ground water and pollutant movement and is important in calculating pollutant 
migration rates. 



February 23, 1988 

-346-

The test for vertical permeability measures the soil's or rock's ability to 
allow vertical ground water flow, which is often much different from horizontal 
permeability, or the bulk permeability measured by some in situ test methods. 
The term permeability can be confusing. As defined in part 7035.0300, 
permeability is synonymous with the term hydraulic conductivity as used in the 
hydrogeologic literature, or coefficient of permeability as used in the 

' engineering literature, rather than the term intrinsic permeability used in 
hydrogeologic literature. Vertical permeability often is lm1er than horizontal 
permeability. It can be more than 100 times lower in compacted clay-rich soils 
or shales. Vertical permeability can also be greater than horizontal 
permeability due to fracturing. The directions of ground water flow depend on 
the sequence of horizontal and vertical permeabilities encountered. Low 
vertical permeabilities will tend to drive ground water laterally, while higher 
vertical permeabilities will decrease lateral flow. Knowledge of the 
distribution of horizontal and vertical permeability is essential to accurate 
prediction of ground water movement. 

Testing for clay mineral content may be appropriate under some 
circumstances. Some·of the common clay minerals have the ability to adsorb or 
attenuate heavy metals and might need to be tested if the soils' attenuati ve 
capacity or the leachate's metals content are issues .. Another potentially 

I 

important aspect of clay mineral behavior is the tendency of some clays to 
shrink, swell, crack, and increase in permeability when attacked by concentrated 
synthetic organic liquids. The test for cation exchange capacity measures the 
soil's ability to exchange ions in the water for ions held in the mineral 
structure. It is another test that may be appropriate if the soil's ability to 
attenuate pollutants is at issue. 

Subitem (8) prohibits combining soil samples into composite samples for 
classification or testing. Because composites are much less representative of 
actual soils content, structure, and permeability, classification and testing of 
composites will not provide an accurate pfcture of the soil in an undisturbed 
state.· Samples used to test permeability must not be compacted because 
compaction will dramatically lower permeability. This provision is reasonable 
because the intent is to obtain an accurate picture of existing site conditions. 
This is best achieved using uncompacted samples. Disturbance to samples must be 
minimized because cracking, crushing, mixing, or otherwise disturbing samples 
can impede identification of important features and preclude accurate testing. 
Testing and quality assurance must conform with methods approved by the ASTM or 
other standard methods. These testing industry standards provide confidence in 
the_reliability of the results. 

Subitem (9) requires a program to determine in-place permeabilities. 

(I 



February 23, 1988 

-347-

Laboratory testing provides permeability results that may be unrepresentative of 
in-place conditions.· The discrepancy may be beca~se the small sample cannot 
accurately simulate the varying permeabilities surrounding the actual sample 
site, as can be done with in-place testing. Test results from the lab·oratory 
sample may be reasonably accurate for the soil sample, but the actual setting 
may contain fractures or higher-permeability zones not represented in the small 
sample. The discrepancy may also result from disturbance of the soil structure, 
compaction in laboratory samples, or testing conditions that cannot simulate 
real-world flow paths and rates. Conversely, field testing can have its 
problems under a variety of specific conditions. The combination of the two 
methods is the common practice. It assures confidence in the permeability 
values. 

It is important to formulate criteria for the placement of test wells or 
piezometers. Subitem (9) requires placement criteria to ensure-testing sites 
are representative, targeted, or otherwise positioned with a guiding rationale. 
Test locations must be at or adjacent to logged borings to guide the positioning 
of test equipment and to enable cross-checking and interpretation of.the 
results. Finally, test locations must be well-distributed to characterize the 
variation in the permeabilities of soil or bedrock units. As discussed above -
regarding subitem (8), the distribution of permeabilities controls ground water 
flow directions and rates. The design of monitoring and corrective actions 
depends on knowledge of ground 1~ater fl 01~. 

This dependence on knowledge of ground water flow also demonstrates the need 
for and reasonableness of subitem (10). Subitem (10) requires that ground water 
flow conditions must be defined in detail within the zone evaluated according to 
the provisions of item C. If flow conditions are not defined in detail within 
this zone, the monitoring system could be rendered ineffective due to floli 
around, under, or above the monitoring points. A series Jf piezometers must be 
installed to map the location of the water level (hydraulic head) within this 
zone. Piezometers are observation wells tapping a specific section of the 
ground water found beneath the site. The water levels in these 1~ells provide a 
direct measure of hydraulic head. Hydraulic head is the driving force behind 
ground water movement as it represents the pressure exerted on t~e water. 
Piezometers have been a standard tool of ground water investigations. and 
geotechnical investigations for construction sites for many years. Direct water 
level measurement is essential for predicting flow directions. Commentors have 
suggested that it would save steps and money to bypass piezometer installation 
and install only monitoring wells. However, in most cases, insufficient 
understanding about flow conditions exists. This causes m·any wells to be placed· 
incorrectly. Monitoring wells do not represent the hydraulic head in the 
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surrounding soils as correctly as piezometers because of construction 
differences Piezometers can be constructed quickly_at a lower cost and with 
fewer precautions because they are not intended to be sampling points. 
Piezometer installation is a standard practice· that ensures more reliable 
results used to make informed decisions in designing the monitoring system. 

Subitem (10) further requires determination of the range of fluctuation in 
hydraulic head from historical records and on-site measurements, or approved 
alternative methods. Water levels can rise and fall many feet over time. 
Reference 54. This can be important even if heads change synchronously 
throughout the ground water system. It is especially important at sites where 
seasonal recharge localized below topographic depressions causes flow to change 
directions entirely. Reference 55. Knowledge of high water levels can a'so be 
important to facility design to ensure that the facility is not constructed so 
that it intersects the water table during periods of high ground water. Lastly, 
the effects of pumping from high-capacity wells must be eva 1 uated because 
pumpage can change in water levels, ground water flow, and rates of ground water 
recharge. 

Subitem (11) requires the facility owner or operator to submit logs of all 
soil and bedrock borings to the Commissioner. This condition is. reasonable 
because it makes needed information avail abTe to the Agency for immediate and 
future review. The requirement does not duplicate any other agency's review. 

Subitem (11) requires that logs must contain the information generated 
in the investigation and a scale drawing of the soil types encountered. The 
drawing and most of the information required are standard practice. Inclusion 
of laboratory test results and field observations on the logs is standard 
practice for many consultants. This information must be assembled with the logs 
so that it can be understood and compared with the corresponding stratigraphic 
sequence .. 

Information required on the logs includes the date of the boring and name 
and address of the driller and testing firm. This information ensures the 
ability to check records when the need arises. It can also be useful to check 
other information, such as the firms' qualifications and weather conditions on 
the day of drilling. Drilling and sampling methods are needed to understand the 
degree and nature of disturbance to samples, the sensitivity of the drilling 
equipment to changes in drilling conditions, other field observations, and the 
constraints on obtaining samples. 

Surveyed elevation of the ground surface above mean sea level is important 
for constructing cross-sections, correlating soils between borings, and 
correlating soils to subsequent design drawings. Using the mean sea level 
enables correlations to be made with topographic maps and survey information 
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from surrounding areas. It is common practice to use the mean sea level 
elevations because permanent benchmarks established by the U.S. Geological 
Survey and other a~encies are related to sea level and are widely distributed 
throughout Minnesota. The use of perm~nent benchmarks adds or confirms previous 
survey results at any time without resurveying. The use of permanent benchmarks 
as reference points and maintaining consistency in elevation data provides a 
common data base for site evaluations and makes the review of data accuracy 
easier. 

The need for and reasonableness of the remaining information required in 
subpart (11) has already been discussed under subitems (3) to (8), except for 
blow counts. Blow count is the number of hammer drops required to drive the 
soil samp 1 er under the ASTM standard D 1586 required in ·subpart 5. If is a 
measure of soil density and compaction which is recorded as part of the D1586 
procedure. This information provides a measure of the strength of the 
foundation in the parts of the site where construction will occur. It is also 
useful in interpreting and correlating soils information. 

Subitem~(12) requires that the inventory of wells surrounding the site 
must be field-checked and updated to include all wells within the distances 
prescribed in item E, subitem (5). Owners of structures and facilities that 
have wells must be contacted directly. The need for the inventory has been 
established in the discussion of item E, subitem (5). Direct contacts with 
owners are essential because collections of well logs available through State 
and local agencies and drillers are not complete. For instance, the Minnesota 
Geological Survey has logs for about 100,000 wells .. There are many times more 
active and abandoned wells in Minnesota. Property owners are often the only 
persons who know anything about the we 11 depth or construction, and the only 
ones aware of the existence of old, inactive, or abandoned wells on their 
property. Often this information dies with the property owner. For this 
reason, and because direct contacts with property owners are the only way to 
obtain the needed information about soils, water levels, water use, and 
potential pollutant migration paths along the wells, direct contact with 
property owners of wells within the prescribed area is required here. 

Item G specifies the required minimum contents of the report for the 
detailed investigation phase of the hydrogeologic evaluation. It should be· 
remembered that the report is subject to possible change from the specified 
contents under item D. Listing the required contents will ensure completeness. 
Furthermore, requiring that the listed information be assembled in the report, 
even if well logs or other data have been previously submitted, ensures 
availability of all data needed to support the report's conclusions and 
interpretations .. 
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Subitem (1) requires the logs of soil borings, piezometers, and any 
monitoring wells installed. This information is justified in the discussions of 
item F, subitem (11) above, and subpart 10, items 0 to Q. 

Subitem (2) requires descriptions of the soil and bedrock units and of the 
properties that may influence water movement. The need for and reasonableness 
of this information has been established throughout the discussion of subpart 3 
and under item F above. The first data specifi.cally required, soil texture and 
classification (unit (a)) are standard summary descriptors. Particle size 
distributions (unit (b)) may be required under item F, subitem (8) above; the 
need and reasonableness are given in the discussion of that provision. Mineral 
composition (unit (c)) may be needed and reasonable as a measure of potential 
attenuation of pollutants; the further need for information about clay mineral 
composition is also given under item F,· subitem (8). Cementation is the welding 
together of particles by chemical precipitates, as in 1vell-cemented (or 
consolidated) sandstones. If present, this cement may appreciably reduce the 
pore space available for ground water and pollutant movement, reduce 
permeability, and affect the bedrock or soil's adsorption and attenuation 
characteristics.· Soil structure has been described under item F, subitem (6) 
and is an .important determinant of soil permeability and the channeling of 
infiltrating water through the soil. 

Unit (d), geologic structure, is important because of the influence or 
contro 1 it may have over ground water fl 011. Strike and dip are measures of the 
direction and degree of inclination of nonhorizontal units. Folding can occur 
on a variety of scales and can indicate the likelihood that related structures 
may be present, such as jointing or fa~lting. These l~tter struc~ures represent 
breaks in the soil or rock that may serve as conduits for rapid ground water 
movement even in settings composed of otherwise low permeability soil or rock 
materials. There may be no geologic structure observed at many sites in 
Minnesota where bedrock is too deep to be of interest. 

The need for and reasonableness of the requirement in unit (e) for 
information on permeability has been established under item F, subitems (7) to 
(9); and for vertical permeability and porosity, under item F, subitem (8)'. 
Unit (f) requires the definition of heterogeneity or variations from uniformity 
within units and within the subsurface. These features can have controlling 
influence in diverting, redirecting, channeling, or blocking ground water flow. 
The importance of defining these features has also been discussed under unit (d) 
above, and under item F, subitem (1). 

Subitem (3) requires one or more geologic columns. Need and reasonabless 
have been established under item E, subitem (3). The requirement is repeated in 
the detailed investigation report for completeness and ready reference. 



February 23, 1988 

-351-

Information developed under the detailed inve~tigatton may indic~te the need to 
revise the geologic column to better reflect the sequences and thicknesses of 
units observed. 

Subitem (4) requires descriptions and thicknesses of the hydrologic units 
within the saturated zone. This information defines and interprets ground-water 
flow patterns. Delineation of major units is important in planning monitoring 
systems and corrective actions, and in interpreting differences in 1~ater quality 
between units. Requiring information on hydraulic properties has been discussed 
under item E, subftem (2) and item F, subitems (8) to (10). The role and 
importance of soil or bedrock units as aquifers, aquitards, or perched saturated 
zones has been discussed under item C, subitem (4). Information on actual or 
potential use of aquifers as water supplies is needed to protect these aquifers 
and uses. Current or planned use of the aquifers adds an immediate public 
health and welfare dimension to the usual concerns about ground 1~ater 

protection. · 
Subitem (5) requires plan-view maps and a series of cross-sections. They 

make large quantities of logs and other raw data understandable, and show the 
correlations that connect- soils identified in various borings into continuous 
units. A spacing no greater than 500 feet between cross-sections is specified. 
This provision depicts the continuity or variability of soils units and ensures 
that correlations of units are not made over long distances. The total number 
of cross-sections that ·will result is not excessive and may need to be increased 
in some cases. For a 40-acre area measuring a quarter mile square, three 
cross-sections are needed in each perpendicular direction, for a total of six .. 
The minimum number of cross-sections rises to twelve, six in each direction, for 
a 160-acre area (one-half mile square). For a larger site with uniform 
conditions, the required number of cross-sections might become too great. 
Changes can then be requested under item D. The required orientation of 
cross-sections parallel and perpendicular to the directions of ground water flow 
has been established under item E, subitem (4) above. 

The maps and cross-sections required in subitem (5) must show, in addition 
to the soil and bedrock units, the water table and measured values of hydraulic 
head. This information assists the analyst to visually organize the data on 
which ground water flow interpretations are based. The information also is used 
to make comparisons of water levels within and between geologic units. Ground 
water moves from areas of higher hydraulic head to lower hydraulic head. Data 
describing water levels that decrease from left to right and downward instantly 
indicate that ground water flow will reflect some combination of left-to-right 
and downward movement. The actual inclination of the descending flow will 
depend on the difference between the horizontal and vertical permeabilities. 
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In the same way that a topographic map showing contours of equal elevation 
i? more useable than a map showing only points and their corresponding 
elevations, hydraulic head data on maps and cross-sections is more useable when 
the map shows contours. Lines of equal head are called equipotentials. 
Equipotential lines show that ground water flow is across the direction of the 
equipotential. The requirement to depict equipotentials is a standard practice 
because knowledge of ground water flow directions helps establish adequate 
monitoring systems. Ground water flow may actually be perpendicular to the 
equipotentials where permeability is the same in all directions. In these 
cases, streamlines showing the path of ground water flow can be drawn 
perpendicular to the equipotentials to reveal flow directions. If a unit has 
different values for horizontal and vertical permeability, the unit can be 
mathematically transformed to enable construction of streamlines. At sites 
where the complexity of the conditions makes machine computation or computer 
modeling necessary to generate flow directions, knowledge of ground water flow 
directions is essential to facility design and ground water monitoring. 

Subitem (5) further requires that maps and cross-sections show soil or 
bedrock borings, locations and construction of piezometers and monitoring 
points, and locations of any geophysical measurements used to prepare the 
cross-sections. The required information shows how well the data support the 
interpretations, such as the soils correlations, equipotentials and streamlines. 
The information also describes the positions within the soils or bedrock units 
and overall flowfield of piezometers and monitoring wells. Beyond this, the 
plan map depicting these data points serves as an index, so that boring logs and 
other data in the report can be quickly related to their location on the site. 

Subitem (6) requires a description and evaluation of the ground water flow 
system. The significance for ground water flow and pollutant migration must be 
discussed. Unit (a) asks for a discussion of local, intermediate and regional. 
flow systems. This division of flow systems was conceptualized nearly 25 years 
ago by Toth and has been reflected in the hydrogeologic literature since that 
time. References 56 and 57. In local flow systems, ground water flows from its 
infiltration area to a directly adjacent discharge area (stream, lake or 
wetland). Intermediate flow systems bypass one or more local discharges before 
emerging at a somewhat more distant location. In regional ground water flow, 
ground water takes a ·deeper route, passes under the overlying local discharge 
areas, and exits to major discharge rivers and streams that may be miles away 
from its source. One or more of the flow systems may be absent in some 
settings. The importance of describing these systems is based on the potential 
for polluted ground water to divide into distinct flow systems and may travel in· 
very different directions. If the local flow system is readily identified and 
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mistakenly assumed to be the only flow system, the more far-reaching path of 
pollutant migration may be missed entirely. Therefore,. all flow systems beneath 
the site must be addressed. 

Under unit (b), recharge and discharge areas must be described and 
evaluated with ground water-surface water interactions and the fadlity's effect 

·on recharge rates. As previously discussed under item E, subitem (2), these 
provisions are needed to assess where ground water may be most vulnerable (areas 
of focused recharge) and where impacts on land and surface water may ·occur in 
discharge areas. It is important to know whether surface waters serve as 
discharge zones or are supplying water to the ground water system and 
influencing ground water flow paths. Finally, the facility itself can affect 
ground water flow paths. Unlined and poorly covered facilities often change the 
ground water flow system altogether by allowing increased rainwater infiltration 
and recharge, or by covering discharge areas. These conditions can lead to the 
formation of ground water mounds beneath or extending into the fill areas. In 
contrast, state-of-the-art lined and capped facilities could reduce net 
recharge, which would lower the water table and perhaps induce significant 
changes in ·ground water flow patterns or rates. The potential for such effects 
must be considered. 

Under unit (c), the report must evaluate existing or proposed ground water 
and surface water,withdra1vals. The influence of ground water withdrawals on 
ground water flow is highly dependent on the amount withdrawn, the aquifer 
source, and the proximity of the withdra1val source to the site. Surface water 
withdrawals generally induce increased ·ground water discharge. This could 
increase the ground water flow rate, pollutant migration rates, and impacts on 
surface water quality. Water appropriations are regulated by the Minnesota 
Department of Natural Resources under Minn. Rules ch. 6115, which can provide 
information on locations and withdrawal rates for large appropriations. Because 
withdrawals may have localized and more regional impacts on pollutant migration, 
these withdrawal rates must be considered in the report. 

Under unit (d), the report must evaluate the effect of heterogeneity, 
fractures, .or directional differences in permeability on ground water movement. 
The influence of heterogeneity and fractures on ground water flow has been 
demonstrated in the discussions of item F, subitems (1) and (2), and item G, 
subitem (2), unit (f). The importance of permeability under item F, subitems 
(7) to (9), and item G, subitem (2), unit (e) and subitem (5) is also reflected 
in this evaluation. The evaluation will not always be easy or straightforward, 
but it is a reasonable requirement because of the. importance of the information. 
The importance of this information warrants the effort of using available field 
tests,·computer analysis, and other simpler desktop analyses to evaluate these 
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conditions. 
Unit (e) requires discussion of directions of ground water movement 

including vertical components of flow, specific discharge rates, and average 
linear velocities within the hydrologic units identified. Descending ground 
water may bypass monitoring points and corrective action installations by 
dropping below them, as has been discussed under item F, subitem (1). The other 
two quantities listed are measures of ground water flow rates. The specific 
discharge is a measure of the volume of water that moves past a point in a given 
time period. The average linear velocity of ground water and the rate at which 
dissolved pollutants travel is faster than the flow rate given by the commonly 
calculated specific discharge. Both quantities are readily calculated. They 
are measures of ground water and pollutant migration and are important in 
determining routes of exposure from a land disposal facility. 

Unit (f) requires evaluation of seasonal or other temporal fluctuations in 
potentiometric head, for which need and reasonableness have been demonstrated 
under item F, subitem (10). 

Subitem (7) requires an analysis of potential impacts on ground water and 
surface water quality and on water users in the event of a release from the 
facility. The potential environmental and public health impacts should be 
identified in advance of permitting in order to be reflected in facility design, 
monitoring ~nd contingency action plans. The analysis must include both 
water-soluble and lov1-solubility components of leachate. For example, leachate 
contains organic compounds that do not dissolve readily in water. The 
lighter-weight compounds separate out to form the film often observed floating 
on seeping leachate. Low-density insoluble components will accumulate at or 
near the water table. ·Heavy insoluble components tend to separate from the 
ground water flow field and descend until they are stopped by the first clay, 
bedrock, or other barrier. The pooled accumulations of denser organics may 
warrant special monitoring, especially if this interface is tapped by 
downgradient water supply wells. The analysis may not provide a definitive 
answer as to where insoluble components will·-go, but it can outline and evaluate 
the possibilities and determine the need for monitoring at these locations. 
These possible flow paths should be determined as ·early as possible so 
consideration can be given to the monitoring needs. 

Subitem (8} requires that where mathematical or analog models are used td 
simulate ground water flow or contaminant migration, the report must thoroughly 
describe the model, its·capabilities, limitations, and assumptions and 
approximations. All models have limitations and simplifying assumptions. The 
assumptions affect the accuracy and reliability of the results. If the 
uncertainties are left unstated, it is difficult to understand the quantities 
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that are derived results from a model, subject to inaccuracies, and the 
quantities verified by input data. Thus subitem (8) requires identification of 
quantities or va 1 ues derived from the model and not·'· confirmed by direct 
measurement, and evaluation of the reliability and accuracy of the results. 

Item H contains requirements for the work plan and report for the third 
phase of the hydrogeologic evaluation. This phase includes the design and 
installation of the water monitoring system. The third phase is based on the 
information about hydrogeologic conditions obtained in the preliminary and 
detailed site investigations. The reasoning for developing this information 
before installing the monitoring system has been discussed under item B and item 
F, subitem (9) above. The monitoring system design requirements are given in 
subpart 10. 

Subitem (1) specifies the required contents of the work plan for this phase. 
Under unit (a), the work plan must include a description of the proposed 
monitoring system and individual monitoring points. The required descriptions 
are needed to evaluate the technical soundness of the monitoring system and 
individual monitoring points. Any necessary changes are much cheaper and easier 
for the facility owner or operator to make before installation. It is 
recognized that there wil.l be good reason for minor changes during the 
installation. The Agency will expect some modification of the work plan during 
the installatio~. The work plan must evaluate the suitability of any existing 
monitoring points proposed for inclusion in the monitoring system. Deficiencies 
in their compliance with subpart 10 must be noted. This condition ensures that 
old monitoring wells were adequately constructed, maintained, and logged and 
will provide representative samples from known positions within the ground water 
flow system. The evaluation will normally consist of visual inspection, 
examination of well logs, and in some cases downhole video camera inspection and 
caliper or geophysical logging. Wells that meet the requirements of subpart 10 
may be deemed adequate. 

Under unit (b), the work plan must explain how the proposed monitoring 
sy~~em addresses the hydrogeologic conditions identified in the previous 
investigations. This provision is needed to ensure that the monitoring points 
have been located and vertically. positioned to reflect specific site conditions 
controlling ground water and pollutant movement. It has been the Agency's 
experience that monitoring wells are often placed with no plan other than to 
monitor a few randomly chosen downgradient and upgradient locations. The unit 
(b) requirement remedies the lack of planning in such situations. 

Unit (c) requires a preliminary version of the monitoring protocol required 
under subpart 14. The monitoring protocol documents the procedures for sampling 

' and 1 aboratory analysis. The pre 1 i mi nary protoco 1 is needed before the 
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monitoring system is constructed to ensure that·it will be feasible and 
practical to sample the wells, and that the well construction materials selected 
will yield representative samples. As will be discussed under subparts 10 and 
14, these are important considerations, since sampling can be very 
time-consuming if large volumes of water must be removed before drawing the 
sample. Some well construction materials may not be suitable for sampling 
certain classes of pollutants. For instance, solvent welded plastic pipe 
may be an inappropriate well materia 1 if organic pollutants are· of concern. 

Subitem (2) specifies the required contents of the monitoring system report. 
Unit (a) requires the report to contain the monitoring point construction and 
installation records required under subpart 10. These records include the well 
logs, information on well development, other testing, and a plan map showing the 
location of the monitoring points. This provision is needed because the 
information is pertinent to the adequacy of the monitoring system. This 
information should be assembled so that there is one document that can be 
referred to for any questions on the monitoring system. 

Unit (b) requires a description ·of any changes from the locations, design, 
and installation procedures identified in the work plan. These changes may not 
have been reviewed or approved. It should be made clear to future users of the 
information what was actually done. 

Unit (c) requires an evaluation of any differences from previously reported 
soils and bedrock conditions, water levels, or ground water flow conditions. 
This provision ensures·that the data from well logs and testing is compared with 
the previous interpretations, and that any inconsistencies are expiained and 
their importance evaiuated. 

Item I contains requirements for the fourth phase of the hydrogeologic 
evaluation, water quality sampling. Background sampling and analysis is the key 
to evaluating future results for impacts. This is the first step in determining 
the facility's impact on the ground water and surface water. This initial 
sampling indicates impacts an existing facility is having on the local 
environment. At a new facility, it provides a record of the background water 
quality that can be compared with future 1~ater quality data to identify any 
changes that may be due to the facility. The information on water quality is a 
further check on the validity of the interpretations made in the hydrogeologic 
evaluation, and it may reveal inadequacies in monitoring point construction. 
Specific requirements for sampling, analysis, and reporting are given in subpart 
14 .. 

. subitem (1) contains requirements for the work plan. The proposed 
monitoring protocol ensures advance planning of the sampling and analytical 
procedures. Advance planning is necessary for selecting and obtaining suitable 



February 23, 1988 

-357-

equipment to conduct the work. The proposed sampling plan will allow the Agency 
to view the sampling procedures for adequacy and arrange to split samples as a 
cross-check on the analytical results obtained. The dates included in the plan 
indicate how many rounds of initial samples will be conducted, the time interval 
between sampling, and the ti~ing of the sampling relative to the seasons. The 
inclusion of proposed analytical constituents and measurements in 'the work plan 
is reasonable and necessary to provide the Agency an opportunity for review. 
The Agency will verify that the proposed testing provides adequate information 
to determine the monitoring requirements for the facility's operation, and to 
make recommendations to assist the facility owner or operator in the sampling 
and analysis. Finally, the work plan must contain the methods of data analysis 
and interpretation. This provisioo ensures that the sampling frequencies, 
analytical testing, and other proposed procedures are designed to provide the 
information needed for verifying hydrogeologic interpretations made about 
subsurface conditions. 

Subitem (2) specifies requirements for the report on the water quality 
monitoring phase. In addition to the monitoring data, the report must contain 
the quality assurance data. Quality assurance is described further under 
subpart 14. The requirement for quality assurance data is needed because this 
data serves as the means of evaluating the accuracy and reliability of the 
monitoring data. Secondly, the report must analyze the trends in the water 
quality results. The analysis of trends is needed tq determine whether the 
facility or other causes unrelated to the facility may have a long-term adverse 
impact on water quality. Finally, the report must identify constituents that 
exceed ground water performance standards or surface water quality standards. 
This provision is needed to identify possible adverse impacts on water quality 
and noncompliance with required water quality standards, and to determine the 
suitability of an existing facility to continue operation. 

Subpart 4. Ground water performance standards. The discussion of this 
subpart describes the Agency's statutory authority to establish ground water 
quality standards, federal regulation of ground water quality, existing state 
rules governing ground water quality, and the need for end reasonableness of the 
proposed ground water performance standards for mixed municipal solid waste land 
disposal facilities. 

The Agency's general powers and duties include the authority to establish 
pollution standards for any waters of the State: 

The agency is hereby given and charged with the following 
powers and duties: .... 

"· 

· .. 
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(c) To establish and alter such reasonable pollution 
standards for any waters of the state in relation to the 
public use to which they are or may be put as it shall deem 
necessary . . . . 

Minn. Stat.§ 115.03, subd. 1 (1986). 

The main statutory direction regarding water quality standards is given in 
Minn. Stat. § 115.44 (1986), Classification of Waters; Standards of Quality and 
Purity, which pertains to both surface and ground waters: 

Subd. 2. In order to attain the objectives of Laws 1963, 
chapter 874, the agency after proper study, and after 
conducting public hearing upon due notice, shall, as soon as 
practicable, group the designated waters of the state into 
classes, and adopt classifications and standards of purity and 
quality therefor. Such classification shall be made in 
accordance with considerations of best usage in the interest 
of the public and with regard to the considerations mentioned in 
subdivision 3 hereof. 

Subd. 3. In adopting the classification of waters and the 
standards of purity and quality above mentioned, the agency 
shall give consideration to: .... 

(c) The uses which have been made, are being made, or 
may be made of said waters for transportation, domestic and 
industrial consumption, bathing, fishing and fi.sh culture, 
fire prevention, the disposal of sewage, industrial wastes and 
other•wastes or other uses within this state, .... 

(d) The extent of present defilement or fouling of said 
waters which has already occurred or resulted from past 
discharges therein; . . . . · 

(f) Such other considerations as the agency deems proper. 

Minn. Stat.§ 115.44, subds. 1,2 and 3 (1986). 

Additional statutory authorities which relate specifically to solid waste do 
not further define the objectives of ground water quality standards. The Agency 
is directed to adopt standards for the control of solid waste disposal "for the 
prevention and abatement of water, air and land pollution.'' Minn. Stat. 
§ 116.07, subd. 2 (1986). Similarly, the Agency is empowered to adopt rules and 
standards for the ''disposal of solid waste and the prevention, abatement, or 
control of water, air, and land pollution which may be related thereto." Minn. 
Stat.§ 116.07, subd. 4 (1986). 

Two other statutes are also relevant. ·The Environmental Policy Act charges 
all state agencies and departments to act ''as trustee of the environment for 



.r 
' February 23, 1988 

-359-

succeeding generations." Minn. Stat. § 116D. 02, subd. 2 (a} ( 1986} . Moreover, 
the 1986 amendments to the Waste Management Act of )980 added to Chapter 115 a 
strong statement of the State's potable water protection policy regarding· 
hazardous and radioactive waste. While not aimed directly at.solid waste 
disposal, this language is the most specific and most recent articulation of the 
Legislature's findings regarding the need to protect ground water and other. 
potable water. 

The legislature finds that: 
(1} the waters of the state, because of their abundant 

quantity and high natural quality, constitute a unique natural 
resource of immeasurable value which must be protected and 
conserved for the benefit of the health, safety, welfare, and 
economic well-being of present and future generations of the 
people of the state; [and] 

(2} the actual or potential use of the waters of the 
state for potable water supply is the highest priority use of 
that water and deserves maximum protection by the state ... 

Minn. Stat.§ 115.063 (1986}. 

The language in this statute indicates the value the Legislature places on 
actual or potential sources of potable water. Ground water is by far the most 
abundant potable water supply, and it must be protected. 

In general, the federal government's authority to regulate ground water is 
fragmented and limited. However, more specific authority exists with respect to 
ground water at waste disposal facilities. 

Nearly all the federal authority' under the Clean Water Act, including the 
authority to establish water ·quality standards, is limited to "navigable 
waters,'' i.e., surface w~ters. 33 U.S.C. §§ 1251 et seq. Under the Safe 
Drinking Water Act (SDWA}, the EPA administers regulations to protect water 
supplies, regardless of the source of the water. 42 U.S.C. §§ 300f et seq. 
Among these are the National Primary Drinking Water Regulations, which establish 
maximum contaminant levels in public water systems that exceed a given size and 
usage rate. 40 CFR part 141. The maximum contaminant levels, commonly_referred 
to as primary drinking water standards, do not apply directly to the untreated 
ground water or surface water supplying the system, but rather to the finished 
drinking water delivered to the consumer after any treatment. Standards for 
individual contaminants are developed by considering potential health effects 
and·the feasibility of detecting and treating the contaminant to safe levels 
using best available technologies. As an intermediate step in developing 
standards, a.health effects limit or maximum contaminant level goal is 
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determined. This health-based limit is used in the proposed rule to establish 
ground water quality standards. 

The federal authority with respect to ground water at mixed municipal solid 
waste land disposal facilities is more specific. The 1984 Hazardous and Solid 
Waste Amendments to the Resource Conservatfon and Recovery Act (RCRA) 
strengthened federal authority over state regulation of ground water quality at 
land disposal facilities. 42 U.S.C. §§ 6901 et seq. The amendments require 
that, by November 1987, states adopt and implement a permit program or other 
system of prior approval to ensure that lari~ disposal facilities accepting 
household hazardous waste or small quantity generator waste comply with the open 
dump criteria of Subtitle D of RCRA. Section 4005(c) of RCRA, codified as 42 
U.S.C. 6945(c). This requirement is directed at mixed municipal solid waste 
land disposal facilities, since they are the facilities that accept this waste. 
Under RCRA, the open dump criteria "shall pro vi de that a facility may be 
classified as a sanitary landfill and not an open dump only if there is no 
reasonable probability of adverse effects on health or the environment from 
disposal of solid waste at such facility." RCRA, section 4004(a), codified as 
42 U.S.C. § 6944(a). 

The open dump criteria with which land disposal facilities and state 
regulatory programs must comply are given in 40 CFR part 257 (1986). 
Reference 47. One of these criteria, entitled "Ground water," requires that: 

(a) A facility or practice shall not contaminate an 
underground drinking water source beyond the solid waste 
boundary or beyond an alternative boundary .... 

40 CFR § 257.3-4 (1986). 

The Agency proposes that the compliance boundary, where compliance with the 
ground water standards is measured, be located at or beyond the solid waste fill 
limits. Thus it is important to examine the conditions under which the federal 
criteria allow the use of the "alternative boundary:" 

(b)(2) ... [T]he State may establish an alternative 
boundary for a facility to be used in lieu of the solid v1aste 
boundary only if it finds that such a change would not result 
in the contamination of ground water which may be needed or 
used for human consumption. Such a finding shall be based on 
an analysis and consideration of all of the factors identified 
in paragraph (b)(1) of this section that are relevant. 

40 CFR § 257.3-4 (1986). 
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Contamination as used above means to exceed the maximum contaminant levels 
giv~n in Appendix I of part 257 or background concentrations, whichever are 
higher. Appendix I maximum contaminant levels are taken from the National 
Primary Drinking Water Regulations, and are essentially the same limits for the 
same substances listed in those regulations. The proposed Minnesota solid waste 
rules use ground water quality standards that are more restrictive than these 
levels, but the proposed standards are applied at an alternate boundary. The 
factors that must be analyzed and considered in establishing an alternative 
boundary rather than the solid waste boundary are as follows: 

(i) The hydrogeological characteristics of 
the facility and surrounding land, including any natural 
attenuation and dilution characteristics of the aquifer; 

(ii) The volume and physical and chemical 
characteristics of the leac~ate; 

(iii) Th~ quantity, quality, and direction of flow of 
ground water underlying the facility; 

(iv) The proximity and withdrawal rates of ground-water 
users; 

(v) The availability of alternative drinking water 
supplies; 

{vi) The existing quality of the ground water, including 
other sources of contamination and their cumulative impacts on 
the ground water; 

(vii) Public health, safety, and welfare effects. 

40 CFR § 257.3-4 (b)(1) (1986). 

These criteria are incorporated into the proposed solid waste rules, as will 
also be discussed below. 

In summary, even with the limited federal authority over ground water 
quality in general, federal law does establish minimum ground water protection 
requirements for state regulatory programs governing mixed municipal solid waste 
land disposal facilities. 

Pursuant to the authorities under Minn. Stat. §§ 115.03 and 115.44, the 
Agency developed rules for the classification of waters of the State and water 
quality standards for these waters. The large range of variability in surface 
water quality was reflected in the many classes and corresponding standards 
established in the rules. Minn. Rules ch. 7050 (1987). 

The characteristics of Minnesota's ground water indicated that a different 
approach was needed for ground water quality regulation. First, ground water 
quality in Minnesota generally is of a much higher, more un.iform quality than 
surface water. Because of its high quality and widespread accessibility, ground 

·• 
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water has been extensively used for many purposes, including drinking water. In 
most areas of the State, ground water quality is suitable for use as a drinking 
water supply with minimal or no treatment. If contaminants are present at all, 
their concentrations generally are low in comparison to federal drinking water 
standards for protection of human health. As a result, ground water has become 
the source of water supply for approximately 75 percent of the State's 
population .. Total ground water usage is increasing in Minnesot~ and nationwide. 

This vital resource is quite vulnerable. Ground water quality is protected 
from most naturally-occurring contaminants by various removal mechanisms, such 
as adsorption of contaminants by soil materials and biological transformations. 
These natural mechanisms are easily overwhelmed by many human activities, 
however, and many contaminants are not effectively removed by natural processes. 
Many contaminants, particularly various manmade organic chemicals, pose a risk 
to human health at extremely low concentrations, if consumed. The health risk 
criteria can be exceeded even when small quantities of contaminants are released 
to the environment. Most importantly, the slow rate at which ground water 
moves means that, once polluted, ground water may remain polluted for many years. 
Ground water pollution often is essentially permanent unless expensive, 
long-term cleanup is undertaken. 

Because of th~ hi~h risk and resultant cost involved with ground water 
pollution, Minnesota and many other states have adopted a highly protective 
nondegradation policy for ground water. These policies have as their aim the 
preservation of ground water qua 1 i ty as nearly as .Poss ib 1 e in its natura 1 state. 
Minnesota's nondegradation policy is contained in the main State rule governing 
ground water quality, adopted in 1973. Minn. Rules ch. 7060 (1987). See 
Exhibit XX. Important provisions of chapter 7060 include: 

7060.0100 Purpose. 
It is the purpose of this chapter to preserve and protect the 

underground waters of the state by preventing any new pollution and 
abating existing pollution. 

7060.0200 Policy. 
It is the policy of the agency to consider the actual or 

potential use of the underground waters for potable water 
supply as constituting the highest priority use and as such to 
provide maximum protection to all underground waters. The 
ready availability nearly statewide of underground water 
constitutes a natural resource of immeasurable value which 
must be protected as nearly as possible in its natural 
condition. For the conservation of underground water supplies 
for present and future generations and prevention of possible 
health hazards, it is necessary and proper that the agency 
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employ a nondegradation policy to prevent pollution of the 
underground waters of the state. 

7060.0400 Uses of underground waters. 
The waters of the state are classified according to their 

highest priority use, which for underground waters of suitable 
natural quality is their use now or in the future as a source 
of drinking, culinary, or food processing water .... This 
classification is established to protect the underground 
waters as potable water supplies by preventing and abating 
pollution. In making this classificati9n, the agency 
recognizes that the underground waters of the state are 
contained in a series of related and often interconnected 
aquifers, such that if sewage, industrial.waste, other waste, 
or other pollutants enter the underground water system, they 
may spread both vertically and horizontally. Thus, all 
underground waters are best classified for use as potable 
water supply in order to preserve high quality waters by 
minimizing spreading of pollutants, by prohibiting further 
discharges of wastes thereto, and to maximize the possibility 
of rehabilitating degraded waters for their priority use. 

7060.0500 Nondegradation policy. 
It is the policy of the agency that the disposal of 

sewage, industrial waste, and other wastes shall be controlled 
as may be necessary to ensure that to the maximum practicable 
extent the underground waters of the state are maintained at 
their natural quality unless a determination is· made by the 
agency that a change is justifiable by reason of necessary 
economic or social development and will not preclude 
appropriate beneficial present and future uses of the waters. 

Minn. Rules pts. 7060.0100, 7060.0200, 7060.0400, and 7060.0500 (1986). 

Chapter 7060 also contains prohibitions against waste discharge directly 
into the saturated zone, or into the unsaturated zone or in any other place, 
manner, or quantity, that might "actually or potentially" pollute or preclude 
use of the ground water as a potable water supply. Minn. Rules pt. 7060.0600, 
subp. 2 (1987). Treatment, safeguards, or other control measures must be provided 
for any such discharges that have occurred, "to the extent necessary to ensure 
that the same will not constitute or continue to be a source of pollution of the 
underground waters or impair the natural quality thereof." Minn. Rules pt. 
7060.0600, subp.3 (1987). Toxic pollutants may "not be discharged or deposited 
in any manner such as to endanger the quality or uses of the underground 
waters." Minn. Rules pt. 7060.0600, subp.4 (1987). Finally, variances are 
available under some circumstances: 
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7060.0900 Variance. 
In any cases where, upon application of the responsible 

·person or persons, the agency finds that by reason of 
exceptional circumstances the strict enforcement of any 
provision of these standards would .. cause undue hardship, that 
disposal of the ... waste is necessary for the public 
health, safety, or welfare, or that strict conformity with the 
standards would be unreasonable, impractical, or not feasible 
under the circumstances, the agency in its discretion may 
permit a variance therefrom upon such conditions as it may 
prescribe for prevention, control, or abatement of pollution 
in harmony with the general purpose of these standards and the 
intent of the applicable state and federal laws. 

Minn. Rules pt. 7060.0900 (1987). 

To summarize, the key provisions of chapter 7060 include nondegradation, 
preservation of natural groundwater quality and classification of all 
underground water due to its interconnected nature, according to its current or 
future use as potable water supply, and control of waste disposal to the maximum 
practicable extent. Changes from this level of control are justified based on 
necessary economic or social reasons if present and future uses of the water are 
preserved; and variances may be granted under exceptional circumstances. 

Chapter 7050 of Minnesota Rules regarding classification and standards for 
waters of the State, also pertains to ground water. Chapter 7050 has been used 
almost entirely to regulate surface water quality, but more properly it governs 
"waters of the state," which include both surface and ground waters. Water 
quality standards are established for various classes of waters. These classes 
are grouped according to the designated public use or benefit of the waters. 
Four,classes (1A, 1B, 1C, and 1D) are established for underground or surface 
waters used for domestic consumption; the standards for these classes differ in 
the level of treatment needed before they-can be consumed. The standards for 
Class 1A, 1B, and 1C waters, which apply to most ground water, are given as both 
the mandatory and recommended requirements of the 1962 U.S. Public Health 
Service Drinking Water Standards ''and any ~evisions, amendments, or supplements 
thereto." Minn. Rules pt. 7050.0220, subp.2, item A (1987)_ These 1962 
standards were superseded by the National Primary Drinking Water Regulations 
promulgated pursuant to the Safe Drinking Water Act. 40 CFR part 141. The 
proposed rules establish ground water performance standards for mixed municipal 
solid waste land disposal facilities that are more restrictive than drinking 
water quality, for reasons that will be discussed below. 

The Minnesota Department of Health regulates public water supplies 
under rules similar to the National Primary Drinking Water Regulations. Minn. 



February 23, 1988 

-365-

Rules ch. 4720 (1987). These rules contain maximum contaminant levels adopted 
from the federal regulations, and like the federal rules, they apply to public 
water supplies rather than to ground water. 

The pervasive ground water quality impacts from land disposal facilities 
demonstrate how large the gap is between the current nondegradation requirements 
and the pollution found at existing facilities. Volatile organic chemicals 
have been found in downgradient ground water at 60 of the 61 Minnesota mixed 
municipal solid waste land disposal facilities at which testing has been done 
and ground water quality is known to be adversely affected at 44 percent of the 
State's permitted facilities. Furthermore, the design requirements proposed in 
the rules will not eliminate all release of pollutants. 

The nondegradation rationale remains valid. However, there is also a strong 
need for numerical ground water quality standards, given that land disposal so 
often causes pollution. Because land disposal facilities pollute, regulators, 
facility owners, area residents, and other affected parties repeatedly face the 
dilemma of defining the acceptable severity of a facility's impact on ground 
water and how )arge an area or volume of polluted ground water is acceptable. 
The proposed ground water quality standards will give all parties a precise 
measure; a unit of comparison that can guide decisions. 

Competing interests often advocate remedial measures that would result in 
greatly different levels of ground water cleanup and cost. Agency staff 
recognizes there are many situations in which cleanup back to natural ground 
water quality is neither feasible nor justified based on loss of resource value. 
Yet, in the interests of both environmental protection and equitable regulation, 
the Agency must not negotiate every situation on a completely case-by-case 
basis, with no fixed expectations for all facilities. This is why it is 
important to define the limits of acceptability for both the severity and areal 
extent of ground water pollution from land disposal facilities. 

The Agency's response to this need is the ground water performance standards 
of subpart 4. The Agency proposes a· system consisting of ground water quality 

' standards, which are limits on the concentration or severity of ground water 
pollution, and compliance boundaries, which limit the area around the facility 
that may be impacted to levels which exceed the standards. In order to 
intervene before pollution reaches the noncompliance stage, there are 
intervention limits, concentrations which serve as an early warning of 
potentially unacceptable degrees of pollution. Finally, there are many 
provisions that allow flexibility to deal with site-specific variations. These 
include a surface water complfance boundary, to limit impacts on surface water 
quality; a lower. compliance boundary, to help protect deeper water supply 
aquifers; and alternative standards, site-specific standards that can be 

. ~ 
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established under seve·ral circumstances defined in the rules. This system is 
more fully explained in the item-by-item descriptions below. 

The proposed ground water performance standards maintain a reasonable 
balance between competing needs. One need is for rules that are consistent, 
and predictable; rules that maintain comparable levels of environmental 
protection from one facility to another. Another need is for rules that are 
flexible and responsive to differences in the circumstances, and site 
conditions among facilities. The proposed standards are appropriately 
protective with a reasonable safety factor to account for the many 
uncertainties that exist in understanding subsurface conditions, and are 
attainable at costs that are reasonable in relation to the potential loss in 
value of the resource. The standards are also a measure. of the performance of 
liners and other engineered containment, and they are based on reasonable 
expectations for the performance of lined land disposal facilities. 

The standards are consistent with the statutory direction to protect waters 
of tne State for their present or potential future use as potable water 
supplies, and to protect this ''unique natural resource of immeasurable value'' 
for future generations. Minn. Stat. §§ 115.063 and 1160.02, subd. 2(a) (1986). 
Although the standards represent a departure from absolute nondegradation, 
Agency staff believe this departure is "justifiable by reason of necessary 
economic or social development" as required under existing regulation. Minn. 
Rules pt. 7060.0500 (1987). 

The proposed standards maintain a proper blend of rule discretion and Board 
decisionmaking. Most notably, Board approval, and the opportunity for public· 
involvement, is required whenever the alternative standard proposed_for a 
facility exceeds the concentration limits for human consumption. 

The concepts of ground water standards and compliance boundaries have 
precedent outside Minnesota. A compliance boundary approach has been adopted 
elsewhere in various forms, most notably in Wisconsin. There, the compliance 
boundary approach, together with ground water standards and preventive action 
limits (the equivalent of intervention limits), was required by 1984 
legislation·, which applied to all facilities and practices with potential ground 
water impacts. References 58 and 59. 

Administration and enforcement of the proposed ground water performance 
standards will require flexibility. In spite of provisions allowing an 
attenuation zone around the facility, some portion of ~he existing facilities 
will be in noncompliance with the standards as soon as a compliance boundary is 
established. The Agency staff and Board may well receive variance requests to 
establish less restrictive alternative standards for some of these facilities .. 
Since 'these facilities were not constructed for leachate containment, the Agency 
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needs·to maintain flexibility to handle the difference in design criteria 
between existing facilities and state-of-the-art facilities constructed with 
containment as their objective. The Agency believes it is reasonable to allow 
for this adjustment to be made by the Agency Board - within the proposed rules 
rather than through processing of variances. This process allows for public 
input into -the criteria used to allow adjustments through the rulemaking proces~ 
and establishes boundaries for the adjustment at a given facility. 

Ground water cleanup takes time. The proposed standards are not intended to 
preclude the selection of cleanup methods that correct a problem more gradua.lly 
than other available methods, if the site circumstances are appropriate. The 
time for attaining compliance is best left discretionary. However, the proposed 
rules do permit public input into the decision process at Agency Board meetings 
and the right to request hearings. 

Finally, the Agency will not require immediate cleanup at the first evidence 
of a polluted concentration exceeding the standards. An analytical result that 
barely exceeds a standard may not represent true ground water conditions. 
Therefore, it is reasonable to address the need for pollutant cleanup activities 
on a case-by-case basis. 

The EPA and others have done considerable research and development to 
determine how best to define the conditions that reliably indicate an exceedance 
or violation. Elaborate statistical procedures have been devised and repeatedly 
revised. Because these methods are the subject of continuing scrutiny and 
controversy, the Agency has elected not to impose requirements for statistical 
procedures in the proposed rules. Reference 60. 

If there is doubt whether a violation has occurred and uncertainty exists 
whether the violation is due to an inadequate statistical sample, analytical 
uncertainty, natural fluctuations in background water quality, or other sources 
of error, the Agency will require resampling and statistical analyses 
appropriate to the level of seriousness and urgency of the situation. It is 
reasonable to address statistical procedures then because the collection and 
analyses of samples based to achieve statistical goals can add significant 
costs, which may be unnecessary under normal conditions. 

In summary, the inclusion of ground water performance standards is 
reasonable, environmentally protective, and consistent with statutory 
authorities and other existing regulation. 

Item A contains in effect an index to subpart 4 and a brief summary of the 
requirements included in the subpart. 

Item B requires the facility owner or operator to propose the locations of 
the compliance boundary and to submit the.proposal, together with supporting 
rationale and information, to the Commissioner for review and approval. 
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This provision requires facility owner or operator participation in the 
designation of this important design constraint while ensuring that the 
Commissioner has the information necessary to determine whether the proposal is 
acceptable. Item B is consistent with the approach throughout these rules to 
make the facility owner or operator responsible for the design of the facility, 
but to afford the Commissioner full opportunity to review and approve the 
design. 

Supporting information is needed because the geology, topography, 
accessibility, easements, rights-of-way, and other factors impose constraints on 
the location of proposed or future monitoring wells. The Agency also needs 
information about the locations of property lines, water-supply wells and 
surface water bodies to make sure that compliance boundaries are sufficiently 
separated from these features. This allows for response to ground water quality 
prob 1 ems before water users or off-property ground 1tater are affected. It is 
reasonable that the facility owner or operator should .provide this information 
because the Commissioner will use the information to evaluate the suitability of 
a monitoring system for the detection of ground water impacts before off-site 
users or ground water are affected. 

Item C contains the requirements for positioning the compliance boundary. 
As defined in part 7035.0300, subpart 18, the compliance boundary is like a 
cylinder surrounding the facility and extending vertically downward from the 
land surface. As viewed on a map, the compliance boundary forms a continuous 
loop encircling the fill area. It is located fully within the facility 
property, between the waste and the property boundary. 

Subitem (1) requires that the compliance boundary surround the waste 
fill and associated leachate treatment facilities. This does not mean that 
monitoring wells must encircle the facility. Monitoring will be focussed 
upgradient and downgradient from the facility. Ground water upgradient from the 
facility flows toward the facility, and normally is unaffected by seepage from 
the fill area or other site structures. Ground water downgradient from the 
facility f1 ows away from the faci 1 i ty after moving under the fill area and other 
site structures. An alternative approach would have been to designate the 
compliance boundary only downgradient from the facility. Incomplete knowledge 
of both current and future ground water flow conditions often makes it difficult 
to predict the precise limits of some future contaminant plume. The approach in 
subitem (1) ensures that if a pollutant plume should expand to encompass a 
monitoring well along the compliance boundary, dri.lling sites will be available 
to extend the monitoring. 

Subitem (1) further requires that the compliance boundary be located on the 
facility property. Ground water impacts are allowed to exceed the standards 
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inside the compliance boundary, and it would be unreasonable to allow this zone 
of potential degradation to extend onto adjoining properties, which are beyond 
the control of the facility owner. The compliance boundary also must be set 
back from the property boundary a sufficient distance to allow the facility 
owner or operator to install, operate and maintain monitoring wells and 
corrective action measures, such as ground water pump-out wells or impermeable 
flow barriers. Corrective action may entail installations placed at or inside 
the compliance boundary, in order to maintain compliance with standards at that 
boundary. 

Units (a) to (c) of subitem (1), list the factors the Commissioner must 
consider in approving the proposed compliance boundary: (a) the site 
hydrogeologic conditions, (b) the feasibility of monitoring at the boundary, and 
(c) the feasibility of successfully correcting any ground water pollution which 
has exceeded standards at or beyond the boundary. 

The first of these conditions is required by federal law. 40 CFR 
§ 257. 3-4{ b)( 1). Site hydrogeo 1 ogy centro 1 s the rates and directions of 
pollutant movement and the degree of uncertainty about pollutant migration 
paths. Two examples will illustrate the relevance of these conditions. First, 
the compliance boundary must not be set so far from the facility that it becomes 
questionable whether the compliance boundary is even along the path of flow from 
the facility. This is particularly relevant for sites with a substantial 
downward component of ground 1vater flow. Second, for sites with rapid ground 
water movement, the compliance boundary should be placed far enough from the 
property boundary and from water users in the downgradient direction to ensure 
that there is time to respond before the impacts extend off-site. 

The inclusion of units (b) and (c) assures that the compliance boundary is 
located where monitoring and corrective actions are feasible. Without these 
provisions, the purpose of designating a compliance boundary would be defeated 
because its location could be under water, on a steep slope, or in some other 
location where monitoring and corrective action are infeasible. 

Units {d) to {f) of subitem {1) require consideration of three more factors 
in establishing the compliance boundary location: {d) leachate volume, 
composition, and characteristics, (e) water users and the availability of 
alternative water supplies, and (f) other public h~alth, safety, and welfare 
effects. Again, these criteria are required by federal- law. 40 CFR 
§ 257.3-4(b)(l). Each is an essential consideration in evaluating what risk to 
public health and the ground water resource is posed by a given compliance 
boundary location. 

Subitem {2) places limits on the distance between the waste boundary and the 
compliance boundary. The facility owner or operator should not have the right 

i. 
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to degrade a large zone of ground water. This approach is prudent because 
corrective actions limited to a smaller area will be less complicated, less 
costly, and more likely to succeed than if the affected area is large. 

Subitem (2) limits the separation distance between a new mixed municipal 
solid waste land disposal facility and the compliance boundary to no more than 
200 feet. Facilities developed under these proposed rules will be designed to 
contain leachate and minimize ground water impacts. It would be inconsistent. 
with the goal of containment to allow a large zone of degradation around the 
facility. Moreover, 200 feet provides adequate opportunity for any chemical or 
biological attenuation to occur. This attenuation will be most active and 
effective close to the pollution source. If pollutant concentrations have not 
been sufficiently reduced close to the source, complete removal at some greater 
distance should not be counted on. The choice of 200 feet allows a zone for 
attenuation. 

The Commissioner may require a smaller separation distance if ·ground water 
flow rates are very slow or additional protection of ground water is needed. At 
sites with very slow flow rates, subsurface materials are generally of very low 
permeability and are often characterized by substantial vertical components of 
flow. Determining flow directions can be difficult in such a setting. The 
farther monitoring wells are placed from the waste boundary, it is more 
uncertain whether the monitoring points are in the pollutants' flowpaths. For 
these settings, and other·s where downward flow may occur, this provision allows 
setting of a compliance boundary at a distance where monitoring is more 
reliable. Different compliance boundaries should be established whenever 
additional protection to ground water is needed. 

Although 200 feet is a reasonable offset for new containment facilities, it 
may not be reasonable for existing facilities that were not constructed to 
contain leachate. Most of these facilities are known to have adverse ground 
water quality impacts. A compliance boundary positioned 200 feet downgradient 
might put many existing facilities into immediate noncompliance. For these 
facilities, it may be necessary to allow an offset greater than 200 feet, 
provided that three conditions minimizing risks and uncertainties of extending· 
the distance are met. This discretion extends to expansion areas, since it may 
be difficult or impossible to separate the impacts of adjacent new and old 
areas. 

Subitem (2), unit (a) lists the first condition on allowing.a more 
distant compliance boundary. The Commissioner must determine that the facility 
owner or operator has provided sufficient monitoring to assure reliable 
detection and tracking of pollutant migration within the larger area. 
Addition a 1 monitoring points may be needed ·to re 1 i ably cover the 1 arger zone 
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enclosed by the compliance boundary. The facility owner or operator should 
provide this assurance in return for the facility's appropriation of a larger 
zone of degradation. 

Unit (a) also requires a determination that the larger separation presents 
no greater risk to water quality and water use than a separation distance of 200 
feet or less. This condition assures that downgradient water resources and 
water users do not bear additional risk as a result of expanding the allowable 
zone of degradation. At sites where it is doubtful whether the water quality 
impacts can be contained within even a more distant compliance boundary, it 
would be unreasonable to allow an enlarged zone of degradation. 

Unit (b) gives the second condition for allowing the compliance boundary to 
be offset more than 200 feet from the waste boundary.· This condition is that 

·the hydrogeologic evaluation under subpart 3 is complete or will be completed 
according to a compliance schedule and the potential risks with a greater offset 
are known. This requirement ensures that potential pollutant pathways are well 
known and indicate the greater separation distance does not result in more 
uncertain monitoring and greater overall risk. 

Unit (c) gives the final conditiqn for allowing the compliance boundary to 
be offset more than 200 feet from the waste boundary. Under unit (c), the 
facility owner or operator must revise the cost estimate for contingency action 
to reflect any greater costs for additional ground water monitoring, 
containment, removal, and treatment or other corrective action as a result of 
the larger offset. The facility owner or operator must provide evidence of 
financial assurance to pay for the increased costs. The area of potential 
ground water impacts increases as the compliance boundary moves farther from the 
fill. Estimated corrective action costs will also increase. Monitoring costs 
generally increase as more ground water is monitored. Similarly, corrective 
actions must be directed at a larger affected area, which will increase costs 
and the probability that more costly corrective actions will be necessary. 
Thus, the 'rule requires the facility owner or operator to determine the impact 
of a more distant compliance boundary on the costs of monitoring and corrective 
action and to provide additional financial assurance to cover these costs. 
Increased costs due to the greater offset cannot be ignored when determining the 
appropriate level of financial assurance. 

Item D requires the Commissioner to designate a lower compliance boundary if 
there is potential for substantial pollutant migration downward to a deeper 
aquifer that is used locally as a source of water supply. As defined part 
7035.0300, subpart 62, the lower compliance boundary is an approximately 
horizontal plane located beneath the facility, normally within the saturated 
zone. Standards must be met in ground water at or below that plane. A lower 
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compliance boundary is needed where users of deeper ground water are at 
substantial risk if pollutants reach the deeper aquifer. The spread of 
pollutants within a surficial aquifer may be.less important than downward 
migration, and the lower compliance boundary should be established to 
demonstrate the facility's preservation of deeper ground water quality. 

Consider an example in which a lower compliance boundary is established at a 
facility situated over a multi-aquifer system. Municipal water supply wells 
nearly a mile from the facility induce ground water to flow first downward to 
the main water-supply aquifer and then horizontally to the withdrawal wells. -A 
lower compliance boundary would be designated at a position above the 
water-supply aquifer, and the facility owner or operator would be required to 
comply with the standards at all points within the deep1er aquifer. This would 
enable an earlier determination of impacts then with no lower compliance 
boundary.· The pollution would not be allowed to enter the water-supply aquifer 
or possibly be drawn into the capture zone of the municipal well field before 
corrective a~tion co~ld b~ taken. 

Item D requires that the lower compliance boundary be designated at a 
geologic stratum or cont~ct or other identifiable plane within the saturated 
zone. This condition reasonably prevents disputes about compliance with 
standards because the location of the compliance boundary was ambiguously 
defined. Finally, item D requires that the lower compliance boundary must be 
located to prevent adverse effects on water supplies. This requirement 
reasonably directs the Commissioner to use the lower compliance boundary only 
where it does prevent pollution of a deeper water supply and to choose a 
position for the low~r ~ompliance boundary that supports this objective. ' 

Item E allows the Commissioner to establish a surface water compliance 
boundary and site-sp~cific water quality standards·enforceable at or beyond this 
boundary. Item E addresses facility impacts on streams, lakes, ponds, and 
wetlands caused by the movement of polluted ground water into these surface 
waters. Facilities can adversely affect surface water quality, either by direct 
overland run-off of leachate or by the outflow, or discharge; of polluted ground 
water into the surface water. The ground water standards in subpart 4 have been 
developed for the protection of potable water supplies, not aquatic life. Many 
pollutants pose a risk to human health at concentrations much lower than would 
harm aquatic life. At the same time, other substances, such as copper, are much 
more toxic to aquatic organisms than to humans; for these substances the ground 
water standards would not adequately protect surface waters. The ground water 
standards could be unreasonably restrictive or inadequate if applied to protect 
surface waters. Surface water standards have been developed by the Agency's 
Division of Water Quality to protect fisheries and aquatic life. The proposed 

I 
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solid waste rules should take them into account. 
Item E allows establishment of the surface water compliance boundary if 

pollutants entering the ground water from.the facility may migrate to surface 
water at concentrations that could adversely affect the quality of surface 
water. It would not be reasonable to establish a surface water compliance 
boundary if the facility is 1 ocated far from ariy surface water, or. if the 
surface water body is a major river in which the impact from slowly discharging 
ground water would never be detectable. A surface water compliance boundary 
would serve no purpose. Subitem (1) specifies that the surface water compliance 
boundary be designated as a vertical plane extending downward from the land 
surface or as some other readily definable plane located between the land 
disposal facility and the surface water. The surface water compliance boundary 
would be monitored by means of ground water monitoring wells because it provides 
a warning of developing problems and an opportunity to take corrective action 
that is not provided if monitoring and compliance were required only within the 
surface water. Impacts on surface water quality could be missed in direct 
sampling of the surface water if the impacts are detectable only during low 
stream flows and sampling does not coincide with these low flows. Pollutants 
may accumulate to harmful levels in bottom sediments without any detectable 
change in the surface water quality. Commentors criticized the alternative of 
designating this boundary at the stream bed or lake bottom as imprudent because 
it would allow only for reactive correction action, rather than for preventive 
corrective action. Monitoring in the ground water close to the potentially 
impacted surface water allows for intervention before harmful impacts occur in 
the bed sediments or the surface water. 

Subitem (2) provides that the surface water compliance Qoundary may either 
replace a portion of the compliance boundary or be designate<:! i~ addltion to 
the compliance boundary. It may substitute entirely for a pqrtion of the 
compliance boundary if the facility is within 500 feet of the surface water and 
the Commissioner determines that a 11 po 11 utants entering the ground \'later from 
the facility will discharge into that surface water. Under those re~trictions, 
the surface water may be the only important water resource at r.i s~. If these 
restrictions are not met, the surface water compliance boundary m~y ~e 
designated only 1n addition to the compliance boundary. The 500-fqot distance 
reasonably limits using this provision to circumvent the compliance boundary. 

Subitem (3) requires that the standards and intervention limits for the 
surface water compliance boundary be established in the facility permit based on 
the applicable provisions of Minn. Rules ch. 7050. These r!Jles classify 
surface waters according to their quality·anduse, and apply different:standards 
to each class. For example, standards are not based .on. drinking water quality 
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if the surface water is not used for that purpose. 
Subitem (3) further provides that if the surface water recharges an aquifer 

used as a source of water, the Commissioner shall establish standards and 
intervention limits which are protective of both the surface water and the 
ground water. In Minnesota, this condition can occur in some lakes and stream 
segments under natural conditions, and where large ground water withdrawals 
induce recharge of the aquifer from a surface water body. The proposed rule 
reasonably ensures that surface water impacted by a facility will not pose a 
risk to water supplies if it re-enters the ground 1vater system. 

Under subitem (4), the Commissioner shall require submission of any facility 
or site information needed to establish standards and intervention limits for 
the surface water compliance boundary. Knowledge of low-flow stream discharge 
rates and mixing characteristics and rates is essential to.determine the 
possible impacts on the surface water body. Information about biological 
communities may be needed to establish the appropriate surface water 
classification and to identify species that are sensitive to the anticipated 
pollutants. Chemical analyses of the leachate· and of the surface water may be 
needed to determine acceptable pollutant levels. This information is routinely 
required by the Agency's Division of Water Quality for point discharges. The 
Commissioner will not require the facility owner or operator to conduct primary 
research, toxicology testing, and similar testing programs. 

Item F lists the standards and intervention limits that apply at the 
compliance boundary and lower compliance boundary. Standards and intervention 
limits are given for 73 substances. 

With two exceptions, the substances listed, and their limits, are developed 
from a list of "Recommended Allowable Limits for Drinking Water" reported by the 
t4innesota Department of Health (MDH) in February 1986. See Exhibit XXI. 
MDH developed these units as one of the main activities of an Interagency Toxics 
Committee. The Interagency Toxics Committee consisted of Agency staff and MDH 
staff responsible for establishing standards for water quality of the State. 
The main question before this committee was the establishment of appropriate 
drinking water standards for domestic water supplies in the State of Minnsota. 
MDH provides an explanation how the substances were selected and how the RALs 
were derived in a report entitled "Derivation of RALs for Drinking Water." See 
Appendix VI. All of the substances are of concern because of their potential 
toxicity or carcinogenicity when ingested by humans. 

For each substance, the ground water standard in item F is established at a 
different level than the maximum concentration recommended by MDH for drinking 
water; the rationale for this distinction between the ground water standard and 
a drinking water limit will be described. 
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The substances listed are those that MDH determined had the most reliable 
available toxicity data and health risk criteria from EPA. All are substances 
that EPA has identified as priorities, as evidenced by their inclusion in the 
revisions of the National Primary Drinking Water Regul,ations and associated 
health advisories now in effect or through the designation of priority 
pollutants under the Clean Water Act. See Exhibits XXII, XXIII, XXIV, XXV and 
XXVI. Other substances that are also of health concern were not listed if MDH 
determined that their suggested limits had not been subject to sufficient review 
and scrutiny. 

Standards for two chemicals reflect changes recommended by MDH after the 
February 1986 report. A limit for 1-3-dichlorobenzene was later forwarded to 
the Agency. The limit for 1-4-dichlorobenzene was lowered after the EPA revised 
its Maximum Contaminant Level Goal. See Appendix VI. 

The MDH developed the RALs to cover a wide variety of situations. They 
did not evaluate the likelihood of each substance being present in ground water 
below land disposal facilities. Data have been compiled on the frequency of 
occurrence of 54 volatile organic chemicals at Minn~sota land disposal 
facilities. Twenty-six of the volatile organic chemicals are listed in item F. 
See Appendix VI. The discussion of subpart 14, item C, subitem (2) also 
addresses the reasonableness of listing these themicals. Many of the substances 
have been analyzed infrequently or not at all at Minnesota facilities (for 
example, most of the pesticides listed). A few of the substances listed have 
limited use in products distributed and disposed of in Minnesota. Thus, 
inclusion or exclusion on the list has no direct relationship to the likelihood 
of occurrence in ground water at a facility. 

It is reasonable to establish standards based on-the availability of health 
risk criteria, rather than listing only substances that have created health or 
environmental problems at land disposal facilities. As has been discussed, 
these substances have been identified as potential pollutants or contaminants by 
EPA. EPA has established them as such through the evaluation of data from 
extensive surveys ·of public water supplies_, data on 'industrial production and 
use of chemicals, and other data pertinent to assessing the problem posed by 
each. 

The Agency does not intend to require monitoring for all these substances 
that have standards,' and probably would not require monitoring for many of them 
unless the routine monitoring program discovered large numbers of pollutants. 
Of the 73 substances with standards in item F, only 32 of them are listed as 
constituents for which ground water monitoring is required in subpart 14, 
item C. There are·more potential pollutants than standards could be developed 
to cover. More than 70,000 chemicals are in production in the United States. 
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Many find their way into land disposal facilities. The Agency believes that 
even if reliable health risk criteria are available for only 73 chemicals, it is 
prudent and protective of public health to establish standards for the 
chemicals. 

Establishing standards will permit a determination on the need for 
corrective action. Monitoring parameters are reasonably limited to the 
parameters most commonly found in ground water below land disposal facilities 
and indicator parameters. 

For substances classified by EPA's Carcinogen Assessment Group as human 
carcinogens or probable human carcinogens, the MDH's RALs are the concentrations 
that yield a unit cancer risk of 1 in 100,000; referred to as the 1o-5 risk 
level. This is the concentration that, if ingested over a lifetime, is 
calculated to increase the risk of cancer by one case per 100,000 persons. The 
reasons why Minnesota has used the 1o-5 risk level were explained in a September 
1985 MDH report entitled "Tolerable Risk". See Appendix XI. 

Exposure to any concentration of a carcinogen is believed to carry with it 
some risk. Because exposures to carcinogens are an inevitable by-product of 
modern technology, some degree of risk must be accepted. The to-5 risk is the 
limit that the MDH has identified as the tolerable extent of ex·posure to 
carcinogens. 

For the noncarcinogenic toxic substances, the RALs generally are based on 
Reference Doses determined by EPA from toxicologic testing. In most cases, EPA 
has used these Reference Doses as the basis for establishing Maximum Contaminant 
Level Goals (MCLGs) under the Safe Drinking Water Act. The MCLGs are 
established "at the level at which no known or anticipated adverse effects on 
the health of persons occur and which allow an adequate margin of safety" to 
persons consuming the water over a lifetime. See Exhibits XXII, XXIII and XXIV. 

The Agency determined that the maximum concentrations recommended for 
drinking water consumption are not protective enough to serve as the goal for 
ground water protection at facilities designed specifically to contain 
pollutants. The Agency believes a more conservative approach than drinking 
water standards must be applied to ground water. Therefore, ground water 
standards and intervention limits were set at 25 percent of the RALs for 
drinking water. Twenty-five percent was chosen because it provides a reasonable 
protection standard based on the existing quality of ground water in Minnesota 
and the design criteria for land disposal facilities. The following discussion 
further details how the Agency chose this approach. 

For most substances, the RALs or other drinking water criteria are set at 
much higher concentrations than typically occur in Minnesota's ground water. 
Allowing ground water quality to be routinely degraded to the levels of the 
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drinking water limits would represent substantial degradation, to a degree that 
would be inconsistent with the nondegradation policy of Minn. Rules ch. 7060 
(1987), and with the emphasis for facilities designed to contain pollutants. 
The Agency believes that to the extent practicable the nondegradation policy 
must be adhered to most closely for facilities .engineered to contain pollutants 
and prevent adverse impacts on ground water quality. Therefore, standards must 
closely appproximate background levels. 

Agency staff has prepared several figures and tables to demonstrate the high 
quality quality of typical Minnesota ground water. The data on ambient ground 
water comes from the Agency's ambient ground water monitoring program, which is 
described in a series of reports. Reference 61. In the ambient program, Agency 
staff sample major aquifers and aquifer types statewide to define the time and 
spatial variation in ground water quality. Sampling efforts are more detailed 
in aquifers that are known to be vulnerable to pollution or are heavily used, so 
statistics on the data base may be biased toward poorer quality ground water. 
Even so, the typical ambient concentrations of pollutants are very much lower 
than the MDH's standards for drinking water. 

Table 1 summarizes the median concentrations of ambient ground water. 
Ambient data are available for 41 of the 73 substances for which standards and 
intervention units are established in item F. Two hundred O\ more sample 
analyses have been performed for 35 of these 41. A more comprehensive 
statistical compilation is available. See Appendix XII. 
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<11 SUB ITEM OF TRATION STANDARD PROPOSED I.J... 

NUMBER: SUBSTANCE SAMPLES ( ug/1 ) ( ug/1 ) STANDARD 
--------------------------------------------------------------------------------------------------------

26 Dichlorobenzidine --- --- 0.052 
. 27 1,2-Dichloroethane 228 <0.2 0.95 0 

28 1,1-Dichloroethylene 228 <0.2 1.8 0 
29 1,2-Dichloroethylene (cis-) 200 <0.2 17 0 
30 1,2-Dichloroethylene (trans-) 228 <0.2 17 0 

31 Dichloromethane (methylene chloride) 228 <1.0 12 0 
I 32 2,4-Dichlorophenoxyacetic acid (2,4-D) 46 <0.14 17 0 

0'1 33 1,2-Dichloropropane 228 <0.2 1.5 0 ...... 
M 34 Dieldrin --- --- 0.0025 I 

35 . 2,4-Dinitrotoluene --- --- 0.27 

36 Diphenylhydrazine --- --- 0.11 
37 Epi chl orohydri n . --- --- 8.9 
38 Ethyl benzene 243 <0.6 170 0 
39 Heptachlor --- --- 0.025 
40 Heptachlor epoxide --- --- 0.0015 

. 41 Hexachlorobenzene --- --- 0.053 
42 Hexachlorobutadiene --- --- 1.1 
43 Hexachlorocyclohexane (alpha-) --- --- 0.0075 
44 Hexachlorocyclohexane (beta-) --- --- 0.047 
45 Hexachlorocyclohexane (gamma-} (lindane} --- --- 0.05 

46 Hexachlorodibenzodioxin --- --- 0.000015 
47 Hexachloroethane --- --- 6.2 
48 Lead 499 0.9 5.0 14 
49 Mercury 485 0.12 0. 75 2 
50 Methyl ethyl ketone 243 <5.0 43 0 

.. L - .. .. 
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PROPOSED 
RULES, PT. 
7035.2815, 
SUBP. 4(F), 

AMBIENT GROUND WATER QUALITY: 
s... 

..0 
QJ 

LL. 

I 
0 co 
M 

I 

SUB ITEM 
NUMBER: 

51 
52 
53 
54 
55 

56 
57 

58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

SUBSTANCE 

Methoxychlor 
Nickel 

·Nitrate (as nitrogen) 
Nitrite (as nitrogen) 

N-Nitrosodimethylamine 

N-Nitrosodiphenylamine 
Total carcinogenic polynuclear aromatic 

hydrocarbons (PAH) 
Polychlorinated biphenyls (PCB's) 
Pentac~lorophenol _ 
Selenium 

Styrene 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (-TCDD) 
1,1,2,2-Tetrachloroethane 

Tetrachloroethylene 
Toluene 

Toxaphene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 

Trichloroethylene 
2,4,6-Trichlorophenol 

~~~~~ ;?~~1~ u~~~~~~~~~ -

NUMBER 
OF 

SAMPLES 

---
496 
743 
299 

---

---
---

---
---

361 

47 
---
200 
228 
243 

.43 
228 
228 
228 

---

MEDIAN 
CONCEN
TRATION 

( ug/1 ) 

---
<2.2 

30 
<10 

---
---
---

---
---
<1.0 

<1.0 
---
<2.0 
<2.0 
<0.6 

<0.09 
<0.2 
<0.2 
<0.2 
---

PROPOSED 
GROUND 
WATER 

QUALITY 
STANDARD 

( ug/1 ) 

85 
38 

2500 
250 

0.0035 

17.8 
0.007 

0.02 
55 
11 

35 
0.0000005 

0.44 
1.7 
500 

0.075 
50 

1.5 
7.8 
4.4 

PERCENT 
OF SAMPLES 
EXCEEDING 

PROPOSED 
STANDARD 

0 
20 
2 

1 

0 

0 
0 
0 

0 
0 
0 
0 
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TABLE 1 

COMPARISON OF MINNESOTA AMBIENT GROUND WATER QUALITY WITH STANDARDS IN PROPOSED SOLID WASTE RULES 

PROPOSED 
RULES, PT. 
7035.2815, 
SUBP. 4(F), 

SUB ITEM 
NUMBER: 

71 
72 
73 

SUBSTANCE 

2,4,5-TP (Silvex) 
Vinyl chloride 
Xylene 

AMBIENT GROUND WATER QUALITY: 

NUMBER 
OF 

SAMPLES 

46 

243 

MEDIAN 
CONCEN
TRATION 

( ug/1 ) 

<0.01 

<0.6 

PROPOSED 
GROUND 
WATER 

QUALITY 
STANDARD 

(ug/1 l 

13 
0.037 

110 

PERCENT 
OF SAMPLES 
EXCEEDING 

PROPOSED 
STANDARD 

0 

0 

,. Includes data collected 1978 through 1984 for all monitored aquifers. Source of information is: Sabel, 
~ Gretchen, 1985, Ground Water Quality Monitoring Program: An Appraisal of Minnesota's Ground Water 
~ Quality, 1985, Minnesota Pollution Control Agency, Division of Solid and Hazardous Waste, and more recent 

data retr·ievals from the STORET ambient ground water quality data base. See Exhibit XIX. 
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Table 1 lists the median ambient concentration for each contaminant (half of 
all the measured ambient concentrations are less than or equal to this 
concentration-, half are greater than or equal to this concentration). For 35 of 
the 41 contaminants, more than half the ana lyses cou l"d not detect the 
contaminant; for these, the median is given as less than (<) the mean analytical 
detection limit. The median concentrations of the other six are far below the 
proposed item F standards, and even farther below the MDH's RALs. 

The last column of Table 1 lists the percentage of samples in the ambient 
data base that exceeds the proposed item F standards. This. percentage is 2 
percent or less for 38 of the 41 contaminants. A portion based on the 
percentages of the ambient analyses exceed the proposed standards only for 
arsenic (4 percent), lead (14 percent), and nitrate (20 percent). Even for 
these, 80 to 96 percent of the ambient ground water samples are of better 
quality than the proposed standard. For the instances where the ambient 
concentration of a constituent does exceed the proposed standard at a given 
facility, the proposed rules provide that the background concentration be used 
as the standard, as will 'be discussed under item H. 

Using the data summarized in Table 1, Agency staff has prepared two figures 
comparing ambient ground water concentrations, the proposed ground water 
standards and intervention units, and MDH's RALs for drinking water. On these 
figures, the ambient ground water concentrations are expressed as a percentage 
of the MDH's RALs. 

Figure 5 compares the median ambient conc·entrations of the inorganic 
substances included in Table 1. As indicated, the median concentration is shown 
as a percentage of the drinking \tater 1 imit not the actua 1 concentration. For 
example,.MDH's RAL for lead is 20 micrograms per liter. The· median ambient 
concentration is 0.9 micrograms per liter. The figure us~d on the graph is the 
percentage (4.5). For substances such as arsenic or chromium, the percentage 
was based on the analytical detection limit because the levels of these 
substances in ambient ground waters were nondetectable (ND). A review of this 
graph shows that among the six substances with medians at detectable units, none 
exceeds 4.5 percent of the RAL for drinking water. This indicates the high 
quality of drinking water found in Minnesota. 

Figure 5 also compares the median ambient concentrations, as a percentage of 
the RALs to the proposed standards and intervention limits, which are 25 percent 
of the RALs. The proposed standards are represented b) the dashed line 
corresponding to 25 percent of the RAL. Again the median ambient concentrations 
of inorganic substances are signficantly below the proposed standards and 
intervention limits. The difference between the median ambient ground water 
levels and the proposed standards and intervention limits shows that 
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comparatively speaking significant amounts of ground. water degradation will be 
permitted. For example, in Figure 5, the substance whose median ambient 
concentration is highest in relation to the proposed standard is lead 
(4.5 percent of RAL). As seen in Figure 5, the proposed standard for lead, at 
25 percent of the RAL, is more than five times higher than the median ambient 
concentration. For the other 10 substances shown, the proposed standards are 
larger multiples of the median ambient concentrations. The Agency concludes 
from this information that although the 25 percent level is a conservative 
number for standards and intervention limits when compared directly to the RALs, 
it allows substantial increases above the current conditions. Further 
justification for these increases is discussed in the following paragraphs. 
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It has been demonstrated that Minnesota ground water on average is of higher 
quality than the ground water standards proposed in the rules. It is also 
pertinent to compare Minnesota's poorer quality ground water with the proposed 
standards. This comparison will illustrate whether the standards are reasonable 
for the vast majority of the State's ground water, or only for the median or 
average conditions. 

The median is the fiftieth percentile in the ambient ground water data 
base -- 50 percent of the ground water is of better quality, 50 percent is of 
poorer quality. Similarly, the ninetieth percentile concentrations provide a 
means of describing typical poorer quality ground water. Ninety percent of the 
ground water s·ampled in the ambient program is of better quality, i.e., lower 
concentrations, than the ninetieth percentile concentrations. 

These ninetieth percentile concentrations are compared with the proposed 
standards in Figure 6. Again the horizontal dashed line at 25 percent of the 
RALs ·represents the proposed ground water standards of item F. The lower line 
on the figure duplicates Figure 5. The upper line shows the ninetieth 
percentile ambient concentrations, also expressed as a percentage of the RALs. 
In other words, 90 percent of the ambient analyses for each substance are of 
better quality than the points along the upper line and would plot below that 
line on the figure. For example, as listed in Appendix XII, 90 percent of the 
ambient lead concentrations are lower than. 7.1 ug/1. This concentration is 
plotted on Figure 6 as 35.5 percent of lead's RAL of 20 ug/1. Only 10 percent 
of the ambient analyses exceed this small fraction of the drinking water limit. 

The ninetieth percentile ambient concentration is below the analytical 
detection limit for 27 of the 41 substances tested. See Appendix XII. Of the 
remaining 14, all have ninetieth percentile concentrations lower than the RALs, 
most far lower than the RALs. Only lead (14 percent) and nitrate (20 percent) 
have more than'10 percent of the ambient concentrations exceeding the proposed 
item F ground water standards for land disposal facilities. 

These observations indicate that even poorer quality Minnesota ground water 
has pollutant concentrations well below the ground water standards proposed in 
item F. Thus the proposed standards would allow some degradation not only at 
facilities with median ground water quality, but also at facilities with poorer 
qua·l i ty ground water. Furthermore, the proposed standards pro vi de a 1 eve 1 of 
ground water protection much more consistent with the natural high quality of 
Minnesota ground water than if the standards had been set at the ·drinking water 
limits or some larger fraction of the drinking water limits. 

The Agency believes it would be bad public policy to allow future land 
disposal facilities to routinely degrade ground water to the levels of the 
drinking water limits. To do so would violate the state environmental policy 
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contained in Minn. Stat. §§ 1160.01 and 1160.02 advocating the promotion of 
"efforts that will prevent or e 1 i mi nate damage to the environment" and "assure 
for all people of the state safe, healthful, productive, and aesthetically and 
culturally pleasing surroundings." By··establishing standards below the drinking 
water limits the Agency ensures the public's ability to continue using ground 
water as a drinking water source. 

Allowing facilities to degrade to drinking water limits would be 
inconsistent with the proposed rules' extensive provisions to contain leachate 
and minimize ground water quality impacts, based on current technology to abate 
the management of solid waste and endanger human health. Nor would such a 
blanket sanction be consistent with the policy in existing rules to control 
waste disposal as necessary "to ensure that to the maximum practicable extent 
the underground waters of the state are maintained at their natural quality." 
Minn. Rules pt. 7060.0500 (1987). 

Because future fa'cilities will be designed and constructed for cont~inment 
and isolation of contaminants from the environment, the Agency believes it is 
feasible, reasonable, and good public policy to establish a higher performance 
standard for these facilities than for existing facilities. It would not be 
reasonable to expect existing facilities to comply with the proposed standards 
in all cases as they were not designed with this performance goal in mind; 
provisions to allow less restrictive standards on a site-by-site basis are 
discussed under item H. 

The agency believes that the degradation allowed under the proposed 
standards is "justifiable by reason of necessary economic or social 
deve 1 opment" under part 7060.0500. Some mixed muni ci pa 1 solid waste will 
continue to be placed in land disposal facilities even after the adoption of 
alternative waste management practices. Although these future facilities will 
be ·designed ·to contain pollutants, even they will not be able to guarantee 
absolute nondegradation because 100 percent.containment is not reqUired under 
the proposed rules. The Agency believes that it is unreasonable to require 
total containment due· to the substantial costs needed to attain such a goal. 
This will be further discussed under the design provisions of this part, 
subparts 5 to 9. 

The main reasons for establishing a ground water standard substantially 
1 ower than the drinking water 1 i mi ts, then, are the extremely high qua 1 i ty of 
Minnesota's ground water, generally very much better than the drinking water 
limits, and the greater consistency between these standards, state statutes, and 
the containment objectives of the design requirements. There are a number of 
secondary reasons that also support the adoption of more restrictive ground 
water standards. The following discussions address these secondary reasons. 
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The MDH i.ssues well advisories recommending against continued use of a 
private water supply if the RALs for drinking water are exceeded. Ground water 
that has been degrade? to the point where it barely complies with the drinking 
water limits is on the verge of being declared unfit for long-term human 
consumption. From this perspective, ground water standards set at or near the 
drinking water limits appear to be too permissive, and npt adequately protective. 
of human health or the ground water resource. 

A ground water standard established at the recommended allowable health risk 
levels would incorporate toxicologic safety factors. However, it would provide 
no margin for error, or margin of safety, to account for the many uncertainties 
associated with monitoring and hydrogeologic assessments, except for the 
possibility of further dilution and attenuation as the polluted zone migrates 
beyond the compliance boundary. The use of drinking water limits as ground 
water standards would not provide the level of confidence and security warranted 
for protecting ground water as potable water supply. In view of the containment 
goal, such standards do not protect on-site or area ground \~ater as a potential 
potable water supply to the degree implied under Minn. Rules pts. 7060.0200 and 
7060.0400 (''to the maximum practicable extent'') and Minn. Stat. §§ 115.03, 
subd. 1, item (c); 115.44, subds. 2 and 3 (c); 116.07, subd. 4; and 115.063 (1) 
and (2) (1986). 

By contrast, the proposed ground water quality standards do provide an 
adequate margin of safety against hydrogeologic uncertainties, and they provide 
confidence that the ~hange from nondegradation "will not preclude appropriate 
beneficial present and future uses of the waters," as required by 
part 7060.0500. 

Statistical analyses are often used to characterize the overall uncertainty 
in the determination of whether ground water concentrations exceed some standard 
or reference value. Many sources of error or uncertainty are introduced during 
sample collection, storage, transportation, and analysis. Uncertainty also 
arises from fluctuations in water quality and variable water chemistry among 
samples taken at different times or from different wells. As a result, it is 
not always apparent whether a reported concentration exceeding the standard 
should be treated as a violation. Often, sampling results which considerably 
exceed a standard do not prove a violation. Conversely, a sample result equal 
to the standard has some probability that the true ground water concentration 
actually exceeds the standard ... 

From a statistical viewpoint, the proposed ground water standards help 
ensure that uncertainty occurs within a range of concentrations lower than the 
drinking water limits .. The proposed standards are far enough below the drinking 
water limits that a sample result exceeding th~ drinking water limits is almost 

. ; 



February 23, 1988 

-388-

certain to be identified statistically as a violation of the standards. Thus, 
the proposed standards are more protective of ground water than standards set at 
or close to the drinking water limits. 

After a ground water problem is detected and confirmed, there is a time 
lag before the corrective actions can be designed, constructed, and operated to 
contain the plume and reverse its movement. A violation of the ground water 
standards will not always be fully anticipated, and corrective actions may take 
time to be effective. The time lag could result in continued deterioration of 
ground water quality and continued movement of the polluted plume beyond the 
compliance boundary and possibly beyond the property boundary. Setting ground 
water standards at levels well below the drinking water limits increases the 
likelihood that any continued deterioration, and any unrecovered portions of the 
·contaminant plume, will remain below the drinking water limits. 

EPA advises that 'toxic substances found together in water can have 
interactive health effects, s~ch that their measures of toxicity or 
carcinogenicity should Q~ CQmbined in health risk evaluations. See Exhibit 
XXVII. The combined toxicity or risk for the water sample as a whole should be 
compared against the crit~rion for acceptability. This more conservative 
additive approach i~ pr~vi<jed for in item J, subitem (2). However, additivity 
has limits when applieq to the complex mixtures of substances occurring in 
ground 1~ater polluted by m_ix~d municipal solid waste leachate. Ground water 
polluted by leachate cont~in~ pollutants that do not have recommended limits and 
pollutants that are npt detected because of the analytical method used. The 
additivity calculation for a given site or sample could not factor in these 
substances. Therefor~, it would underestimate the true carcinogenicity or . 
toxicity potential of the water. Water calculated to be marginally adequate to 
drink might carry a much greater true risk, as a result of unquantified and 
undetected substances. 

Two statistics help us understand these concerns. First, while more than 
70,000 different chemical compounds are produced in the United States, thousands 
of which may be present in mixed municipal solid waste land disposal facilities, 
ground water monitoring normally tests for a limited number of substances due to 
analytical and cost constraints. Obviously, a great many substances are not 
sought in ground water analyses. Second, regarding about two-thirds of the 
organic compounds that have been identified nationwide in ground water, and 
about one-half of the inorganics compounds, no health risk limits have been 
established. Reference 62. 

Setting ground. water contamination standards lower than the drinking water 
health risk limits affords some safety factor to address additive effects. If 
the total quantified risk approaches the standard (e.g., 25 percent of the Io-5 
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risk level), then the concentration range from 25 percent to 100 percent of the 
drinking water limits provides a margin of safety for the unquantified or 
unidentified risk. 

The Agency believes this margin of safety is necessary to protect users of 
ground water, considering the uncertainties that exist with the interaction of 
carcinogens and toxic pollutants. The conservative approach taken by EPA and 
adopted by the MDH and the Agency is that the care i nogen i city of a ground 1~ater 

sample is increased with each carcinogen present. The actual impact may be 
greater than the sum, but this greater than additive interaction has been 
quantified for only a few combinations of chemicals. Therefore, establishing 
ground water standards significantly below the drinking water limits provides 
assurance that when one or more carcinogens are present in a ground water 
sample, they will not pose a substantial risk to human health. 

Ground water monitoring systems necessarily consist of a limited number 
of monitoring points. Each monitoring well collects water from a given depth 
within a saturated zone. The number of points at which ground water quality can 
be measured is quite small relative to the size, thickness, and complexity of 
pollutant plumes. The concentrations detected by a monitoring system and used 
to measure compliance may be exceeded somewhere along the compliance 
boundary. As with the other sources of uncertainty, the proposed St!lndards 
offer more assurance that ground water is of drinking water quality ~t the 
unmonitored points along the compliance boundary than if the drinking water 
limits are used as standards. 

Recommended health risk limits change as a result of additional 
toxicologic studies. For those substances where the currently recommended 
drinking water limits are eventually revised downward, the grou~d ~ater 
standards proposed in item F provide some insurance against e~ceeqing the 
reduced drinking water limits. Should the RALs be raised the ~round water 
standards are, although conservative, result in no increased burde~ to the 
facility owner or operator as compliance standards are unchanged. 

It should be noted that the ground water standards in item F will need to be 
maintained and updated as health risk limits are revised. The same ~eed arises 
as standards are established on the basis of toxicologic studies. As the 
information base grows, the toxicity estimates are refined, and any 
corresponding ground water standards should also be revised, The AQency and the 
MDH monitor the health risk information produced by EPA and others, They are 
aware of the changes in these standards and recommended limits. The Agency will 
revise the ?tandards in item F as needed to ensure that they remain 
appropriately protective of human health. 

·' 
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A few users of ground water require water of higher quality than the 
drinking water limits. The users include certain industrial water users, food 
and beverage processors, commercial fisheries and aquaculture, and commercial 
greenhouses whose plant stocks can be harmed by herbicides at concentrations 
well below the human health criteria. Reference 63. The proposed ground water 
standards are more protective of these current and potential uses of the ground 
water than drinking water standards. 

In summary, the proposed standards are needed to preserve Minnesota's high 
natural ground water quality for use as a public 1vater supply and industrial 
water supply. It is reasonable to maintain the high standard quality of ground 
water because more than two thirds of Minnesota's population uses ground water 
and impacts· on the ground water can have detrimental affects on the State 
economy and the health of its population. Setting the ground water standards at 
25 percent of the drinking water limits for engineered containment facilities is 
consistent with the nondegradation policy and is reasonable because absolute 
containment is not possible. 

Item F also sets intervention limits at 25 percent of the drinking water 
limits. Even though they are at the same concentrations as the ground water 
standards, .these intervention limits provide an early warning because they are 
applied inside the compliance boundary. If pollutant concentrations exceed the 
intervention limits in detection monitoring wells positioned close to the waste, 
the follow-up actions established in item G are triggered, including evaluation 
of the need for corrective action. Setting intervention limits at 25 percent of 
the drinking water limits enables early corrective action. The corrective 
action may prevent an impending violation of standards at the compliance 
boundary. Alternatively, it may lead only to the conclusion that the 
degradation allowed inside the compliance boundary is a stable situation and 
poses little risk of violating standards outside the compliance zone. This 
conclusion 1vould require little corrective action but may cause an increase in 
monitoring at established points or in the number of points monitored. The 
Agency's goal is the nondegradation of ground water to the extent practicable. 
The use of intervention limits establishes a reasonable method to ensure ground 
water impacts are monitored and corrective actions are implemented 
expeditiously. 

Item G requires specific follow-up actions by the facility o~mer or 
operator ·if an intervention limit established under items E to H is exceeded 
at any location where impacts ~re monitored. As discussed under item F, 
monitoring locations are inside, at, or beyond the compliance boundary. Again, 
the intervention limit is needed to trigger action before actual violations of 
standards occur. 



February 23, 1988 

-391-

Subitem (1) requires immediate notification of the Commissioner in writing. 
This provision ensures that the Commissioner knows of possible ground water 
quality impacts as soon as possible. The Agency then has sufficient time to 
prepare appropriate responses such as additional monitoring, and technical 
assistance. The requirement makes it clear to the facility owner or operator 
that exceeding intervention limits is a serious matter demanding further 
attention and follow-up. Requiring the notice to be in writing ensures that the 
notification is accurate, complete, and indisputable. 

Subitems (2) and (3) require either immediate resampling for a new violation 
of the intervention limit or evaluation of the need for immediate resampling. 
Resampling is a standard practice to ensure that a sample result exceeding a 
limit reflects actual conditions, rather than sampling or laboratory error, or a 
temporary condition. The sl 01~ movement of ground water tends to ensure that if 
an analysis is accurate, a subsequent analysis will tend to confirm the first 
results. Any follow-up action should respond to a real condition,.not an 
incorrect one. The subitem (3) provision for evaluation of the need to resample 
eliminates the resampling requirement when the elevated concentrations are 
already well known- and past monitoring results provide all the confirmation 
needed. 

Subitem (4) requires the facility owner or operator to evaluate the 
significance of the concentration of pollutants and the source or cause of the 
intervention limits being exceeded. The concentration found could be due to · 
circumstances other than a leachate release from the fac.ility. It is important 
to rule out these other possibilities before assuming the facility is the 
source. The findings might be the result of contamination from extraneous 
sources during sampling or in tile laboratory. Other facilities or activities 
may be the cause of the problem rather than .the land disposal facility. 

For naturally-occurring substances, the range of natural fluctuations in 
water quality must be examined to determine whether the findings are within or 
outside of this range. Some commentors have suggested that the rules spell 
out the statistical criteria by which ~his range is defined. Such provisions 
were not included because there are a variety of approaches in use. Statistical 
methods are evolving as more is understood about their reliability. For 
example, problems 1vith the statistical requirements in federal hazard.ous waste 
regulations have forced substantial recent rules revisions. Reference 60. The 
Agency does not believe it is wise to lock in an .unfamiliar statistical 
procedure that might be flawed. By not specifying exactly how the data must be 

. evaluated, the rule allows flexibility and judgment by the Agency and the 
fac i 1 i ty owner or ·operator. The eva 1 uat ion will ·be conducted based on the 
Agency's and facility owner's or operator's experience with specific statistical 

' I 
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evaluation methods. 
Subitem (5) requires evaluation of the need for immediate corrective action 

to prevent pollutant concentrations from approaching or exceeding standards at 
any of the boundaries where compliance is measured. Recall that there is no 
prohibition on exceeding intervention limits in ground water located within the 
area enclosed by the compliance boundary. Some degradation may occur within 
that attenuation zone. However, it would not be prudent to wait for a violation 
to occur at or outside the compliance boundary while the impacts get out of hand 
inside the compliance boundary. Where the trend inside the compliance boundary 
is toward an imminent or eventual violation of standards, procedures followed 
under subitem (5) serve notice that corrective action may be needed to prevent 
the violation. The need for corrective action could be indicated, for instance, 
by the detection of very high pollutant concentrations that obviously exceed the 
site's ability to dilute or attenuate the contaminants. Expansion of a polluted 
zone makes corrective action more difficult, more costly, and less assured of 
success, and represents an unnecessary loss of additional resources. Subitem 
(5) ensures that the compliance boundary concept does not become a license for 
delay and inaction. 

Subitern (6) requires the facility owner or operator to evaluate the need for 
changes in water monitoring if intervention limits are exceeded. Possible 
changes include sampling frequencies! constituents analyzed, and installation of 
additional monitoring poi~ts. Initial monitoring systems and testing 
requirements focus on detecting pollutants but not necessarily on evaluating or 
tracking a polluted condition. The monitoring systems may consist of a single 
line of wells with no in-place backup wells, and the routine testing 
requirements may be limited to selected indicator parameters. When an 
intervention limit is exceeded, it is necessary to re-evaluate the monitoring 
program to determine whether it can yield the information needed to evaluate the 
source, extent, and future course of the pollutants. As the person responsible 
for the facility, it is the facility owner's or operator's duty to conduct this 
evaluation. 

Subitem (7) requires the facility owner or operator to submit a written 
report to the Agency within 30 days after obtaining the sample results that 
showed an intervention limit was exceeded. The report must describe the 
evaluations and conclusions reached under subitems (2) to (6) and the actions 
taken under subitem (8). This provision ensures that the facility owner or 
operator responds to the exceeding of intervention limits without delay. The 
short time allowed for submitting the report reflects the Agency's view that 
warnings of possible failure of the facility's leachate containment system 
should be treated seriously and evaluated promptly. The Agency recognizes that 
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it will not always be possible to complete all aspects of a thorough evaluation 
within 30 days,. particularly if additional field installations are needed. In 
these cases, a follow-up report will be appropriate. The facility owner or 
operator should make advance arrangements with persons having the technical 
expertise and familiarity with the site to quickly assess the appropriate 
action. 

This reasoning leads to the requirement in subitem (8). That the facility 
owner or operator take actions described in the facility's contingency action 
plan and in subpart 15 and part 7035.2615. This requirement simply triggers 
additional follmHip actions already planned and/or required. 

Item H provides flexibility in applying the ground water standards to 
individual facilities. Item H allows the Commissioner to deviate from the 
standards and intervention limits under six specified circumstances. Under 
these circumstances, the Commissioner may establish alternative standards and 
intervention limits for one or more substances in the facility permit in lieu of 
the standards and intervention limits· specified in items E to G of the proposed 
rules. 

The flexibility provided in item H is limited by appropriate conditions on 
the use of alternative standards, which preserve the goal of maintaining high 
ground water quality. This flexibility is consistent with the goals of 
regulating facilities equally and preserving water quality. Throughout the 
comment period, the Agency has-received no comments opposed to facility-specific 
alternative standards. 

I 
Subitem (1) provides that if the background concentration of any constituent 

in the ground water at a facility is greater than a standard or intervention 
limit established in subpart 4, the background concentration of the constituent 
must be used as the standard or intervention limit. Background refers to the 
condition of ground water whose quality has not been affected by leakage or 
losses from the 1 and di sposa 1 facility. Higher back ground concentrations may be 
due to natural conditions or to other sources off the facility propertY. The 
facility owner or operator should not be held accountable for conditions that 
are not due to facility operations and are not within the facility owner's or 
operator's control. 

If the elevated concentrations are due to reasons other than the facility, 
however, subitem (1) reasonably allows no further measurable degradation from 
the facility. If the background concentration exceeds a drinking water 
standard, this provision ensures that potential uses of the water are not 
further jeopardized by additional degradation, and that other higher quality 
ground·water is not put at greater risk. A second·case is when the background 
concentration does not exceed the drinking water standard but does exceed the 



~t 
;,k 
~-,;,, 

IF~·: . 

H'' 
~~~li· 

February 23, 1988 

-394-

ground water standard under item F or an alternative standard that would 
otherwise be established under this item. Subitem (1) reasonably preserves as 
much of the remaining difference between the standards as possible, and thereby 
maintains consistency with the level of water quality required for other 
constituents. 

If the elevated background concentrations can be improved through actions by 
other, off-site pollution sources, it is appropriate to prevent the land 
disposal facility from further impacting ground water quality. Allowing 
additional degradation beyond elevated background levels could preclude other 
efforts to improve ground water quality. The nondegradation approach in 
subitem (1) reasonably leaves open the possibility that the background water 
quality can improve. 

Subitem (1) further provides that if the variability of background water 
quality is inadequately defined, the Commissioner may require additional 
evaluation including, sampling, statistical analysis of sampling data, and 
installation of additional monitoring points. Ground water quality varies by 
location and depth and over time. The background sampling must contain enough 
dates, seasons, locations, and depths to accurately define water quality. 
Otherwise, the background sampling may be unrepresentative of the true range in 
ground water quality, and alternative standards may be set too high or too low 
to reflect the actual water quality variations. 

As mentioned regarding item G, subitem (3), ground water data is often 
analyzed statistic~lly. By using statistical analyses of background data an 
alternative standard can be establfs·hed at various concentrations, depending on 
the confidence level and the amount of background data available. The first 
step is to determine the desired degree of assurance (the confi~ence level) that 
an elevated concentration represents a deviation from normal background 
fluctuations and can be attributed to the facility. For example, a 95 percent 
confidence level is a greater degree of certainty than a 90 percent confidence 
level. An alternative standard established at a 95 percent confidence level 
will always be a higher concentration than a standard set at a 90 percent 
level. But a standard also depends on the number and representativeness of 
the data available. In general, the fewer the number of representative 
background data, the higher the concentration at which the alternative standard 
must be set to achieve the desired confidence level. Conversely, if more 
background data are available, the concentration of the alternative standard will 
be lower without introducing too many random false positive readings. The 
second step considers the acceptability of the resultant limit. 

Based on experience from Wisconsin, this statistical approach will result in 
an alternative standard that is anywhere from two to four or more times the mean 
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concentration of the background data .. The multiplier in a given situation will 
depend on both the range 'of variability in the actual background water quality 
and the number and representativeness of the sample data. It would b~ 

unreasonable to establish alternative standards at a high multiple of the mean 
background concentration unless there is enough background data to demonstrate 
that the background water quality really does vary significantly. The Agency's 
goal in establishing standards is the protection of ground 1~ater quality. To 
establish a standard two or more times higher than the mean background 
concentration would conflict with this goal. Thus it is reasonable to allow the 
Commissioner to require additional background data if alternative standards are 
to be kept reas6nably protective. 

Finally, subitem (1) allows the Commissioner to change the alternative 
standards or intervention limits if background water quality changes due to 
actions or events occurring outside the facility property and beyond the 
facility ovmer's or operator's control. This provision acknowledges that the 
facility 01vner or operator should not be held responsible for exceeding a 
standard if deteriorating background water quality is due to events beyond the 
facility owner's or operator's control. It is possible that this prov1s1on 
cou 1 d result in l 0~1eri ng the standard if back ground water quality improves. 
Even if background water quality improved, the Commissioner would consider the 
reasonab 1 eness of 1 oweri ng any standard used to determine the degr_ee of 
containment needed in the facility design. 

Subitem (2) provides that, upon request by the facility owner or operator, 
the Commissioner may establish alternative limits for portions of a facility 
that were filled before these rules revisions become effective. This provision 
reasonably ackn01~ledges that most existing facilities were not constructed to 
contain leachate. Such facilities can not meet many of the ground water 
standards that are established based on containment. The different approach 
given for existing facilities appears in subitem (2). If the ground water 
flmling beneath new and old portions of the facility can be separately 
monitored, it would be unreasonable to allow more leakage from the ne~1 areas by 
applying the more lenient alternative standards to the entire facility. If the 
impacts from the older and newer portions cannot be separately monitored, ·the 
alternative standards would prevail for the entire facility. 

Subitem (2) further provides that the alternative standards for an existing 
fill must not exceed four times the concentrations given in item.F unless 
approved by the Agency, or by the Commissioner if the background concentration 
is higher than the standards. Where the proposed alternative standards exceed 
drinking water limits, the opportunity for public review and comment on action 
by the Agency is appropriate. As previously discussed, ground water is to be 
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protected as a source of potable water supply under the statutory direction in 
Minn. Stat. §. 115.063 and the provisions of Minn. Rules ch. 7060, except as the 
variance provisions and other language in chapter 7060 provide otherwise. The 
requirement that the Agency must approve an alternative standard that may result 
in nonpotable ground water is consistent with chapter 7060. Cleanup to drinking 
water standards may not be feasible or may require an unreasonable commitment of 
resources. The Agency staff may support some requests for higher. alternative 
standards, but the decision to disregard ground water as a potable water source 
appropriately rests with the Agency. The alternative standard would be stated 
in enforcement documents, including permits, stipulation agreements, and orders, 
which require Agency approval. 

Alternative standards can be established under subitem (2) only if the 
facility owner or operator has established the need for the change. The 
facility o~mer or operator must have completed a remedial investigation study 
and a feasibility study. These studies must evaluate the extent and severity of 
ground water pollution at the facility and the feasibility and environmental and 
economic costs, risks, and benefits of the possible alternative corrective 
actions. There are several reasons for these requirements. First, they assure 
that there is a demonstrated basis for allowing a gre~ter degree of ground water 
degradation. Second, the required remedial investigation ensures that enough is 
known about the severity of pollution so that the alternative standards are 
established at obtainable levels. Finally, the required feasibility study 
assures that the consequences of increased degradation have been thoroughly 
analyzed and can be considered in determining the alternative standards. 

The alternative approaches to standards evaluated in the feasibility study 
must include corrective actions intended to achieve compliance with the 
standards under items E to H. This provision ensures that the. option of staying 
with the listed standards has been demonstrated to be infeasible or 
unreasonable.· The feasibility study must also evaluate at least one additional 
approach intended to maintain ground water concentrations l011er than four times 
the concentrations under item F. This ensures that raising the allowable 
concentrations to the drinking water limits does not become an automatic 
response when the ground water st~ndards are thought to be too restrictive. 
Instead, this provision ensures that alternative standards set at some 
intermediate level have been considered. 

Finally, the feasibility report must contain a determination of the 
pollutant concentrations that would remain in the ground water after corrective 
action. After determining these concentrations, the facility owner or operator 
must evaluate the impacts of using alternative limits on immediate and future 
ground water use. Chapter 7060 requires that ground water be maintained at a 
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quality sufficient for use as a potable water supply. If the use of alternative 
limits would preclude this use, the Agency and the facility owner or operator 
must adequately evaluate these consequences. Feasibility studies should address 
the impacts on imm~diate and future use of the ground water because the use of 
alternative limits may in effect all01v one person to control the adequacy of 
another person's water supplies. Thus, the ~se of alternative standards must be 
based on fully informed decisions. 

Subitem (3) requires that alternative standards must take into account the 
quality required of public water supplies. It provides that if a public water 
supply is potentially affected by leachate migration from a facility, and if the 
maximum contaminant level (MCL) for a substance under the federal or State 
regulations governing public water supplies is a lower concentration than the 
standards under items E and F, the Commissioner may use the MCL as the 
alternative standard and intervention limit. Public water supply is defined in 
part 7035.0300, subpart 86, which refers to the State rules for publi~ water 
supplies. The MCL can be lower than the standard under items E to H. Currently 
this is true for trichloroethylene, where the federal MCL is 5 micrograms per 
liter (ug/1) compared with the ground water standard in item F of 7.8 ug/1. See 
Exhibit XXIV. The reason for the discrepancy is that the standard in item [is 
derived from the MDH RAL for untreated private water supplies, which considers 
only the substance's effects on human health. In contrast, the federal and 
State MCLs also consider the fact that public water systems provide water 
treatment to remove contaminants. The RAL of 31.2 ug/1, above which 
trichloroethylene poses a greater than allowable cancer risk, can be bettered in 
public water systems through carbon treatment. The MCL of 5 ug/l reflects a 
more stringent level that is feasible through treatment. The difference between 
5 and 7.8 ug/1 is small, but the discrepancy could be larger for another 
substance. If a public water syst~m is nearby, subitem (3) ensures that a land 
disposal facility will not impact ground water quality to the point where the 
public water system may be forced to treat its drinking water to comply with the 
MCL. This is consistent with the State's nondegradation policy in chapter 7060. 

Subitem (4) allows the establishment of alternative standards for substances 
that might impart undesirable taste or odor to drinking water. This provision 
is needed because water that poses no health threat can be rendered useless by 
offensive tast~s or odors. Recommended criteria are published in federal 
regulations and other published references. References 64 and 65. Generally,. 
substances that pose a health threat become a cause for concern befo-re 
substances that impact taste or order to drinking water. However, the Agency 
should have the ability to establish an alternative standard if taste and odor 
imparts are present. Subitem (4) limits application of these standards to cases 



February 23, 1988 

-398-

in which the substance is present in the ground water and the ~1DH issues a 
concurring recommendation. The Agency will not routinely establish alternative 
standards under subitem (4). The Agency.will exercise judgment about the need 
for such a standard, since some taste and odor standards are routinely exceeded 
by Minnesota's ground water. 

Subitem (5) allows the establishment of alternative standards for substances 
not listed in item F. If an unlisted substance has been found.by monitoring at 
the facility and is determined by the ~1DH to be potentially harmful to health, 
the Commissioner may establish alternative standards for that substance. This 
prov1s1on is needed on a case-by-case basis to protect human health and the 
ground water resource from harmful substances that have not yet had formal 
standards or RALs established. Any number of substances in leachates may have 
toxic or carcinogenic effects but have not been through the extensive review 
necessary to support a RAL or other limit. If one or more of these substances 
is found at ·elevated concentrations in ground 1~ater at a facility, the 
Commissioner should have the ability to limit that substance. The requirement 
for a MDH recommendation reasonably assures that any alternative standard will 
be imposed based on good eviderice of the substance's adverse health effects, as 
determined by professionals with expertise in risk assessment. In practice, 
un 1 is ted substances are 'usually accompanied by lis ted substances in · 
leachate-affected ground water. It is assumed that if ground water complies 
with all quality standards, the concentrations of other substances for which 
standards are not available probably are not high either. If the monitoring 
data does show high levels of an unlisted, potenti~lly harmful substance, 
however, subitem (5) provides the means to limit its concentration. 

Unit (a) specifies procedures for determining the alternative ground water 
limits. The alternative limits are to be 25 percent of the concentration 
determined to pose the highest allowable risk from long-term consumption of the 
water. This is the same approach taken in item F. The same reasons as given 
under item F apply. For substances not classified by EPA as Group A (human 
carcinogen) or Group B (probable human carcinogen), the limits are to be set at 
25 percent of a recommended allowable 1 i mit as determined by MDH. Reference 66. 
The term recommended allowable limit refers generically to any health-based 
concentration limit recommended by MDH rather than only those listed in the 
MDH's publication "Recommended Allowable Limits for Dr~nking Water." These 
recommendations are based on a thoro~gh internal review by MDH following 
procedures similar to those used to develop the RALs; any higher-than-usual 
degree of uncertainty about a recommended limit is noted by MDH. The 
Commissioner has the discretion not to establish an alternative standard if the 
uncer.tai nty is great. 
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Under unit (b), the alternative standard for a Group A or Group B carcinogen 
is set at 25 percent of either the concentration corresponding to a risk of one 
additional case of cancer per 100,000 adults consuming the water·over a 
lifetime (the 10-5 standard), as estimated by EPA and t~DH, or the recommended 
allo~1able limit under unit (a), whichever is lower. The reasonableness of the 
one-in-100,000 risk level has been described under item F. This risk level is 
generally at a lower concentration than the recommended allowable limit for 
noncarcinogenic toxicity effects, but the requirement to use the lower of the 
two reasonably protects against either harmful effect. 

Subitem (6) states that if the recommended allowable limit or the one-in-
100,000 risk level is changed, the Commissioner may change the alternative 
standards. This provision reflects the reality that as· more toxicity testing_ is 
done, toxicity limits and carcinogenicity estimates change. Subitem (6) 
reasonably allows the Commissioner to establish standards that reflect the best 
and mpst current available information on toxicity. This ensures that the. 
standards are neither underprotective nor overly protective. The Agency 
recognizes its obligation to revise the standards to reflect changes in the 
limits, but subitem (6) allows the Commissioner·to adopt an alternative standard 
for a facility if needed. This degree of discretion is consistent with the 
Agency's broad permitting and standards-setting authorities under Minn. Stat. 
chs. 115 and 116. Subitem (6) reasonably constrains this discre~ion. In order 
for the Commissioner to establish the alternative standard, the substance must 
be present in the ground l'later at the facility, and the same 25 percent 
multiplie'f- used else11here in subpart 4 must be applied. 

Item I responds to comments from persons who were cohcerned that their 
compliance might be questioned if a substance could not be analytically detected 
down to the levels of the standard. Item I provides that if a substance is not 
detected and the limit of detection is higher than the intervention limit or· 
standard., the intervention limit or standard will not be assumed to have been 
attained or exceeded. Laboratories do not report zero concentrations. Instead, 
when the analytical procedure does not detect a particular chemical, the result. 
is reported as less than the value for the detection level. This provision 
simply eliminates any confusion that might result if, for example, a result is 
reported as "less than 10" and the standard is "1." The facility for which this 
result was obtained would not be out of compliance. A related provision, 
subpart 14, item M, allows the Commissioner to require lower analytical limits 
if necessary and feasible, thereby preventing Item I from becoming a loophole. 

Item J allows the Commissioner to require corrective action in certain 
circumstances, even if a standard or intervention limit is not being exceeded. 
Any such action by the Commissioner must be based on investigation and 
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evaluation. Under subitem (1), the first circumstance under which the 
Commissioner may act is the event of a substantial release of leachate that the 
Commissioner may reasonably expect to result in a violation of water quality 
standards. This provision prevents the facility·owner or operator from refusing 
to act or investigate on the grounds that no limit has yet been exceeded. A 
number of different situations might necessitate immediate action, such as the 
rupture of a leachate tank or pond situated over shallow, poorly protected 
ground water. Item J will apply to emergency situations. 

Under subitem (2), 'the Commissioner may require corrective action based on 
the additive carcinogenicity or toxicity of a combination of pollutants in the 
ground water, in lieu of the limits for individual substances under items E to 
H. The rationale and approach for using additive carcinogenicity or toxicity is 
given in the 51 Fed. Reg. 34014-34025 (1986). See Exhibit XXVII. This.approach 
reflects the prevailing view that a mixture of many harmful substances, all 
below their individual health risk limits, poses a greater risk than any one.of 
the individual substances considered singly. To illustrate, a water supply 
containing one substance at 90 percent of its allowable health limit is 
marginally safe, while another water supply containing 20 substances, each at 90 
percent of its individual health limit, is not safe. The interaction of harmful 
chemicals in the body is a complex issue not yet well understood. It is known 
that the toxicity resulting from mixtures of toxins can be either greater than 
would be expected if the individual toxic effects were simply added (synergistic 
interaction) or less than would be expected (antagonistic interaction). On 
average, however, simple additivity has been taken to be the most reasonable 
ctpproach when, as is usually true, no toxicity testing has been done on the same 
mixture. The Federal Register notice reasonably prescribes straight additivity 
unless enough specific toxicologic information is available to quantify 
synergistic ?r antagonistic effects.· The additive approach is definitely more 
reasonable and protective than judging overall toxicity solely by comparing the 
concentrations of individual substances within a mixture to their individual 
limits. The Commissioner will apply additivity in situations only where many 
carcinogens are in the ground water and the health risk would obviously be 
greater than the highest risk posed by any individual carcinogen. 

Finally, subitern (2) provides that response actions may be required if the 
total risk of consuming the water over a lifetime woul~ exceed either 2.5 
additional cases of cancer in a population of 1,000,000 persons or, for 
noncarcinogens, 25 percent of the acceptable concentration for long-term 
consumption. This provision reasonably maintains the same risk level as is used 
for individual substances in item F, i.e., 25 percent of the recommended health 
risk limits. The 25 percent level was already established regarding item F. 

/. 
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Subitem (2) reasonably allows the Commissioner discretion in requiring response 
actions when this level is exceeded. For example, if less restrictive 
alternative standards had been established for an existing facility under item 
H, subitem (2), the 25 percent level would not be used to trigger response 
actions based on additive risk. Instead, the same percentage used to set the 
alternative standards would be used for the additive risk. 

Subp~rt 5. Design requirements. This subpart establishes the standards for 
designing any mixed municipal solid waste land disposal facility. These 
standards provide the basic foundation from which the specific facility design 
will be established. The more general design standards included here list of 
the factors that must be considered in designing a mixed municipal solid waste 
land disposal facility. By providing a listing of the factors, the Agency 
believes more complete designs will be developed for the facilities and a more 
consistent review of the final designs will be facilitated. 

Item A requires an engineering report to be developed concerning the 
facility design. The engineering report ·must address site preparation as it 
relates to the phase development also discussed in the engineering report. This 
item also lists the actions involved in site preparation activities. With this 
information, the facility owner or operator may schedule construction activities 
in a logical sequence that will not damage already completed work. Sound 
business practices dictate that a facility owner or operator develop plans for 
site activities before construction begins. Establishing the items to be 
addressed in the site preparation design discussion in the engineering report 
provides the facility owner or operator guidance on what must be considered when 
evaluating site preparation activities. It does not require more of the 
facility owner or operator than would be completed as a matter of practice, and 
will enable consistent review of these activities. 

Item B requires the facility mmer or operator to develop the site in 
phases. Each phase must consist of individual cells that promote a rate of 
vertical development that is faster than the rate of horizontal development. 
Th~ phases must be designed and constructed to minimize moisture infiltration 
while maintaining stable side slopes. Seasonal phases based on weather 
conditions (wet/dry, cold/hot) must be considered when the design for the 
facility is developed. The site plans show development iri chronological order 
for construction of each phase. 

Dividing the facility into phases minimizes the amount of open surface, thus 
reducing the potential for accumulation of precipitation requiring special 
handling. Phasing of the facility construction allows each segment to be 
operated independently. As each section reaches final waste contours the final 
cover can be placed. The sectional construction technique will reduce run-off 
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controls needed, erosion problems, and the possibility for windblown waste 
problems. A final advantage of phasing is that premature closure of the 
facility is more practical and economical in the event of an environmental 
problem that will require closure. In a ~~ell-planned phase development, the 
facility's end use can also be implemented in sequence. The Agency believes 
mixed municipal solid waste land disposal facilities should be constructed in 
phases because of the lower initial cost associated with construction, the 
reduced maintenance and operation problems and the ease with which the facility 
desigrt and operation can be modified to accommodate changes in waste flow, in 
technology, and environmental conditions. 

I tern· C requires that any new fill area at a 1 and di sposa 1 facility be 
located at least 200 feet from the nearest property line. The Commissioner may 
approve adjustments to this requirement based on existing filling procedures, 
existing site structures, the facility design, compliance boundaries, and 
existing land restrictions. Establishing a fill boundary some distance from the 
property line provides room for site operations and a buffer zone to minimize 
any ·environmental impacts off the property should a release of pollutants occur. 
Land disposal facilities should not be designed or constructed with fill areas 
abutting property lines because that provides little protection against the 
migration of a release of pollutants off the facility property. The Agency 
believes 200 feet provide sufficient room to complete detection monitoring for 
pollutants in ground water below the fill areas and implementation of corrective 
actions before pollutants off-site and impacts nearby water supply wells. 
Requiring a separation distance greater than 200 feet could impose significant 
cost increases on the facility owner or operator with little additional 
environmental protection. Additionally, the facility owner or operator may 
suggest that no corrective actions be taken because the pollutants are not yet 
nearing potential ground·water users. Large separation distances also create a 
need for more monitoring 1~ells increasing costs incurred by the facility owner 
or operator. The dispersion characteristics of ground water cause the pollutant 
plume to spread out requiring the use of more wells to detect potential 
problems. Establishing a 200-foot setback provides room for site activities but 
does not waste considerable land· as buffer zones. 

Item D .requires surface water to be drained around and away from the site 
operating area. The drainage control system may include topographic controls, 
ditches, berms, culverts, energy breaks, sedimentation ponds, and erosion 
control measures. The system must incorporate at least the requirements.of this 
item. If surface water is allowed to flow freely over the fill areas, site 
operations may be disrupted resulting in environmental probl'ems. If excess 
moisture is allowed into the fill area, the waste may be unable to absorb it and. 
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the result will be channelization of the water through the waste creating 
leachate that must be collected and treated. The addit1onal moisture in the 
fill area will cause field capacity to be reached sooner than anticipated, 
influencing leachate generation to proceed at a faster rate than expected. 
Field capacity is the point at which the waste can hold no more liquid. Other 
problems associated with excess surface water flowing into the fill area include 
washout of the compacted waste, erosion of side slopes and liners, and ponding 
of water at the base of the fill. Excess moisture can cause vehicles to become 
stuck in the waste and damage the liner and leachate collection system. These 
problems may shut down filling operations until excess water is removed or the 
side slopes and liners repaired. Surface water control requirements will 
minimize potential impacts on the environment. 

Subitem'(l) requires the surface water control structures to be designed 
based on the expected final contours and planned drairiage pattern. These design 
features can severely impact the effectiveness of the control structures if not 
properly addressed. 

Subitem (2) requires the drainage pattern of the surrounding area and the 
possible effects on and by the regional watershed to be considered in the 
facility design. If the regional watershed is' not considered,' the facility at 
the discharge point could be flooded, causing erosion and potentially damaging 
surface waters due to excess sediment loading. A facility located at the head 
of the watershed could increase run-off into the 1~atershed due to the removal of 
vegetation and change of contours disrupting the capabilities of the watershed 
to handle precipi~ation events. Because the location of a facility can impact 
or be impacted by the regional watershed, the facility design should address 
this concern. The standard should be performante-based because the specific 
characteristics of a regional watershed will dictate the facility design. 

Subitem (3) requires that the need for temporary structures during fill 
operations be considered in the facility design to control surface water 
drainage. In order to minimize disruptions to.the fill operations during or 
immediately after a precipitation event, it is necessary to construct temporary 
berms or ditches to intercept surface water drainage and direct it away from the 
fill. The berms or ditches may also be used between fill phases to minimize 
infiltration into a particular fill area until final cover can be placed on this 
area. Temporary control structures are used to minimize the amount of moisture 
entering a fill area and exiting as leachate and to permit fill operations to 
continue during and after precipitation. Temporary structures ensure the 
performance of the facility, minimize leachate .treatment costs, and pro vi de 
protection against washouts in specific areas of the fill operation and other 
portions of the facility. Temporary berms are also necessary to preserve the 
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integrity of final cover systems. Tempor'ary structures must be addressed in 
design plans and specifications. 

Subitem (4) requires the'base of each fill area and the top of each lift to 
be graded at a minimum 2 percent slope to encourage run-off and prevent surface 
water pending. If surface water is allowed to pond on the-fill area, it will 
move into the fill and generate leachate. Fill areas should be sloped to 
encourage surface water run-off from the fill area and prevent pending. A 2 
percent slope on the graded areas is a minimum performance/design standard. A 
2 percent slope means a vertical difference of 2 feet is achieved for every 
one-hundred foot horizontal distance travelled. If the slope were permitted to 
be less than 2 percent, the probability that the correct slope would be achieved 
is greatly reduced. To grade such tight slopes on a hard surface is easily 
achieved by an experienced operator; but is very difficult on the jagged surface 
of compacted waste. A 2 percent standard will provide direction on the amount 
of slope needed to e~sure surface water drainage and prevent pending as 
settlement ·occurs. 

Subitem (5) requires th~t surface water control structures be designed for a 
ten-year, 24-hour rainf~ll. Appendix XIII shows that a ten-year, 24-hour 
rainfall event will surpass the control design about 40 percent of the time if 
the design life of the facility is five years. A facility permit is effective 
for five years. As the fill area is increased, the surface water control 
structures will be constructed in a manner to protect that area. The final 
closure and postclosure plan~ will address any chan~es in the surface water 
control structures needed to maintain tile long-term integrity of the facility. 
Commentors on the draft ryles suggested that a ten-year, 24-hour rainfall event 
was a reasonable standard considering the opportunity for design revisions and· 
because the standard is written as a minimum standard allowing the facility 
owner or operator to assess whether this is an acceptable risk. The standard is 
capable of providing the necessary surface water drainage control needed at 
facilities. 

Item E requires the facility owner or operator to design and maintain slopes 
and drainageways to prevent erosion. This performance standard is established 
to maintain the integrity of the facility design, particularly final cover areas 
and liners. If the final cover is eroded away, it will not prevent the 
infiltration of precipitation. If the liner is eroded away, it will be unable 
to contain the leachate as designed, increasing the risk that ground water or 
surface water will be impacted. Because of the importance of these design 
features to the oyerall performance of the facility, a standard is established 
protecting their integrity. 

Item E further requires that slopes greater than 200 feet long include 
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diversion drainage control structures unless the Commissioner approves otherwise 
~ased on sedimentation run-off calculations, proposed design features, and 
sedimentation control devices. The Soil Conservation Service has developed a 
computer model to determine the expe~ted amount of sediment run-off ~ased on a 
particular design, soil type and vegetation used. The Universal soil loss 
equation is the basis for these calculations. Reference 67. The Agency , 
believes this standard provides a commonly-used minimum criterion for 
controlling soil loss. It also provides the facility owner or operator an 
opportunity to seek the Commissioner's approval of alternative designs utilizing 
longer slope runs capable of minimizing erosion at the facility while meeting 
the specific 'design and operation needs of the facility. 

Under this item, the facility 01mer or operator is required to consider 
using flumes or drop structures to control-surface water movement from top 
slopes to steeper side slopes. Any drainageway used to control movement of 
water from the flatter top slopes to the steeper side slopes must in.clude energy 
breaks, concrete, or rip-rap reinforcement to prevent erosion of the drainageway 
or the fin~l cover. When water flows over a relatively flat, wide expanse, it 
moves slowly and at an even rate. When this water moves onto steeper slopes, 
its velocity increases. The increased velocity may detach normally stable soil 
particles. To prevent this sheet erosion, it is necessary to design control 
structures that collect the water from the top slope and direct it down the 
steeper slope to minimize soil disruption, e.g., flumes or drainageways with 
energy breaks. An eroded cover or liner cannot perform as designed, constructed 
or operated and may impact the environment. Reference 68. 

Item F requires the installation of sedimentation ponds if run-off water 
l I , . '· •'' 

would carry excess'sediment off the facility property. A facility o~mer or 
operator electing not to install sedimentation ponds must d~m~~~tr~t~ that a~y 
sediment carried off-site by surface water drainage will not i~pact ~earby 
surface waters, drainage ditches or culverts, or other features of concern. In 
general, land disposal facilities are susceptible to erosion qec?lJSe of the 
uneven settlement that occurs leaving broken soil clods ~asi]y mqyed by water 
flowing over the area. Sedimentation ponds will be needed ~t a]l fqcilities 
except where sufficient land is available to act as a filter Qefore ·the sediment 
reaches surface waters or settles out in a drainage ditch or c~lvert and plugs 
these structures causing a backup in the system. Nonpoint pqll~tio~ is caused 
by sediment with pollutants adsorbed to its surface flowing intq ne~rby surface 
waters, depleting the waters of oxygen and discharging potentiqlly toxic 
pollutants into the waterway. See Exhibits XXVIII, XXIX, XXX, XXXI~ XXXII and 
XXXIII. 

This item authorizes the Commissioner to require monitoring of the water in 
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the sedimentation pond or beneath the pond and require corrective actions, if 
necessary. Surface water run-off from fill areas may contain pollutants if the 
facility is designed such that all run-off is collected in the sedimentation 
ponds. The water should be tested prior to it leaving the sedimentation pond. 

Item G requires the final contours of a mixed municipal solid waste land 
disposal facility to have at least a 3 percent and no greater than 20 percent 
slope, unless the Commissioner approves otherwise based on existing site 
topography, design plans, and operating conditions. The slopes are based on the 
need to encourage surface water drainage off the cover while minimizing the 
amount of erosion experienced. The EPA recommends that the top slope be no 
greater than 5 percent and side slopes no greater than 25 percent. " 
Reference 69. The present requirements of 2 percent slopes on top and 25 
percent side slopes have resulted in ponding of surface water on top and erosion 
of side slopes. The 2 percent slope criterion has failed to maintain itself 
under settlement of the waste. With consistent, compacted, uniform materials a 
slope of 1 percent can permit the movement of water off an area. However, the 
surface of a land disposal facility does not meet this criterion. Settlement 
occurs at different rates at different points on the surface. The minimum 
standard of 3 percent is intended to provide ample slope even during periods of 
mild settlement. The 20 percent maximum·side slope was chosen to prevent the 
soil erosion problems experienced on side slopes of existing land disposal 
facilities. By decreasing the allowable maximum slope the velocity of the 1~ater 

flowing over the side areas will be decreased, lessening the potential and 
amount of soil loss experienced. Commentors on the draft rules agreed in 
principle with the minimum and maximum slope requirements, but suggested that 
steeper slopes should be permitted, without variance proceedings, if the 
facility owner or operator can show the Commissioner evidence supporting the 
alternative design. The Agency agreed and has provided language to that effect 
in the proposed rules. The Agency believes the standards presented in item G 
provide a base level assurance on surface water drainage and erosion control 
while providing the facility owner or operator a method to propose alternative 
designs suitable to site-specific conditions. 

Item H contains a list of references guiding the facility owner or operator 
to other subparts of this rule that address specific design standards for the 
systems required at a mixed municipal solid waste land disposal facility. It is 
reasonable to sepdrate the design requirements for the various systems because 
it would be long and cumbersome to address all these concerns in one area. By 
separating the design requirements into smaller subparts, it is easier for the 
facility owners or operator to locate specific requirements. By providing 
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references, the Agency has further assisted the faci.lity owner or operator in 
this task. Subitem (5) is of particular interest since it allows a facility 
owner or operator to justify that a gas monitoring and collection system is not 
necessary. 

Subpart 6. Intermittent, intermediate, and final cover system. This 
subpart provides the standards governing the design, construction, and operation 
of the cover systems used at a land disposal facility. The various covers used 
at a facility have different intended purposes, thus requiring different· 
standards. Regarding cover systems, performance standards alone 11ill not be 
sufficient to ensure minimum risk management methods are utilized. The main 
functions of the cover systems are to minimize vector breeding areas and animal 
attraction; to control water and gas movement; to minimize fire hazards; to 
minimize aesthetic problems; to prepare for the site's end uses; and many other 
functions necessary to maintain the facility in a manner that achieves the 
standards. This Agency recognizes that although the cover functions are 
straightforward, the interrelationship of the various functions is quite 
complex. Therefore, performance standards and design standards are interwoven 
within this subpart. 

The owner or operator of a mixed municipal solid waste land disposal 
facility must design and maintain a cover system capable of: 

a. minimizing infiltration of water; 
b. preventing surface water ponding; 
c. controlling gas movement; 
d. preventing erosion of surface and side slopes; 
e. reducing wind erosion and wind-blown litter; 
f. minimizing dust generation and movement; 
g. retaining slope stability; • 
h. reducing effects of freeze-thaw and other weather conditions; 
i. maintaining vegetative growth; and 
j. discouraging vector·and burrowing animal intrusion. 

The cover is intended to minimize the potential risks associated with the 
design, construction, and operation of mixed municipal solid waste land disposal 
facilities. 

The most basic cover. design to meet these criteria would have two layers. 
The layers 1~ould consist of the surface layer for vegetative growth and the 
hydraulic barrier layer to control gas and water movement. The basic design 
would only be acceptable in an arid climate with high evaporation and low 
rainfall. Other climatic regions require other contributing .layers to assist in 
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the prime functions of barring downward movement of water into the fill area and 
limiting upward passage of vapors. 

To bar the downward movement of water, the cover must be designed to convert 
rainfall and melting snow into run-off. This is accomplished by sloping the 
cover so rainfall and snow melt flm~s off the site at a rate fast enough to 
minimize infiltration, but slow enough to avoid erosion and cover damage. A 
vegetative layer is used to help prevent erosion and encourage evaporation. 
Below the vegetative layer lies the barrier layer, which is the first element of 
the cover designed to specifically prohibit infiltration. The barrier layer is 
not sufficient to totally prevent infiltration·into the waste. A drainage layer 
placed between the vegetative layer and the barrier layer serves to collect and 
laterally drain away the moisture. It is the Agency's belief that three layers 
are the minimum number needed for a final cover system to be effective in 
deterring the downward movement of surfac~ water into th~ waste. The specific 
design and performance standards for each layer will be discussed in items C, D 
and E. The rule gives facility owners and operators sufficient flexibility to 
include other functional layers into the cover design to control gas movement or 
act as filter medium. 

Cover systems may be compose1 of combinations of soil, synthetic material, 
or specialized waste-forms (e.g., lime sludge, foundry sands, compost). Although 
soil is the predominant choice because of its availability and structural 
properties, the other materials are functionally acceptable under specific 
conditions. The final cover design must consider available materials and the 
function they are to serve in the final cover. For instance, cohesionless 
soils, sands and gravels, perform best in the drainage layer. Low permeability 
soils like clay or ·lime sludge function best in the barrier layer. Compost can 
be used as the top layer to support vegetation. 

The last layer often used in a final cover system is a buffer layer between 
the ~~aste and the barrier layer. The buffer layer serves as protection to keep 
solid waste from puncturing the barrier layer. It also serves as load-bearing 
support for the cover and may contain a portion of the gas collection system. 
The depth of the buffer layer will depend on the exact functions it is to 
perform. 

The above discussion demonstrates the need for flexibility in the rules to 
a 11 01~ facility owners and operators to adapt designs to con tro 1 risks associ a ted 
with the management of waste at their land disposal facility. The Agency 

I 

believes that the facility owner or operator should decide on the risk 
management techniques suitable for a particular facility. It is reasonable to 
provide the general performance standards before establishing the requirements 
for specific features of the cover system because general goals normally 
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influence the specific details. 
I tern A requires facility o~mers and operators to p 1 ace intermittent cover on 

all exposed solid waste in accordance with the operation and maintenance manual 
developed for the site. Intermittent cover means material placed over solid 
waste on a scheduled frequency but not necessarily daily. The material need not 
be naturally-occurring soils, if another suitable material is available. The 
intermittent cover design submitted for approval by the Commissioner must 
include the frequency and depth of placement and the material to be used. The 
Commissioner's approval will be based on the characteristics of the proposed 
cover material; the leaching potential of the solid waste; the design and 
operation of the facility; and the potential for nuisance conditions if an 
application frequency other than daily is used. The minimum standards to be 
included are no-less-than-weekly cover and no-less-than-six-inches of cover 
material, if it is a soil or similar material. 

Intermittent cover is used to control blowing litter; vector and animal 
intrusion; surface water ponding and infiliration; and fire hazards. 
Intermittent cover provides structural support for the fill area and a surface 
for vehicular traffic. The design and use of intermittent cover will depend on 
the availability of soils, the amount of waste received, and filling sequence 
intended for the facility. The Agency believes the facility owner or operator 
should be allowed to propose an intermittent cover design compatible with actual 
site conditions. This allows the facility owner or operator to analyze the 
cost-effectiveness of various designs, the degree to which a particular design 
or material will assist in meeting overall facility performance standards, and 
the risk associated with using one design instead of another. 

Technological advances in the area of cover material have provided 
alternatives to soil for accomplishing the intended performance goals of 
intermittent cover. Additionally, some forms of solid waste, such as foundry 
s~nds, po~1er plant ash, and lime sludges, may be suitable cover materials. 
Therefore, the facility o~mer or operator shou 1 d be permitted to propose a cover 
material rather than establishing in rule the type of material and requiring 
variances for the use of other materials. The flexibility of this provision 
permits technological advances to be incorporated into cover designs .without 
modification of the rules. 

The design must also address the depth to which cover must be applied to 
achieve the performance goals for intermittent cover. Six inches of soil has 
been found necessary in order to deter animals from scavenging in the waste or 
vectors from breeding and to promote surface water drainage from the fill area. 
Reference 69. Some settling of the soil into the waste will occur during 
placement. The minimum depth of cover needed to address settlement and still 
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completely cover the compacted 1~aste is six inches. In the past, facility 
owners and operators have complained that no direction is provided indicating 
where the six inches is to be measured and that not all facilities have 
sufficient daily cover on-site. The rule provides for six inches as a minimum 
standard. Specific details on material type, placement depth and measurement 
are sp~lled out in the operation and maintenance'manual and the construction 
quality assurance plan. This allows the facility owner or operator an 
opportunity to scale down cover depth with the use of materials such as foams 
that hold the cover in place, form a crust that encourages surface water 
run-off, and will break up and be incorporated into the fill during the 
following day's activities. 

This item requires that the frequency of cover placement must be at least 
once per week. However, in submitting the cover design, the facility owner or 
operator may shm1 why daily cover is not necessary and how the proposed 
frequency will provide sufficient controls on vector and animal intrusion, fire 
hazards, windblmm litter, and infiltration. The owner or operator must address 
how facility operations will control the potential problems associated with not 
covering the fill areas daily. Of particular concern to the Agency is the 
potential for infiltration of water into the fill area during the periods when 
no cover is on the waste. If infiltration of water into the fill area is not 
restricted, the waste will become saturated and generate leachate sooner and in 
l.argei quantities than expected. Table 2 compares the generation of leachate in 
an uncovered fill area of compacted waste with areas using various soils as 
cover. The table shows that even a six-inch cover of uncompacted sand will 
decrease the amount of leachate generated in one year by 16,000 gallons or 4 
percent. Over the life of a facility, on the average 15 years, this amounts to 
a savings of 240,000 gallons that will not require storage, treatment or 
disposal. If the facility owner or; operator intends not to use daily cover, the 
change in leachate generation must be considered in designing the leachate 
collection system. If the collection system is not adequately designed to 
handle the increased flow, the integrity and ultimate performance of the system 
may be in jeopardy. 
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TABLE 2 

Leachate Generation* 
Leac'hate Generation (gall ons/yearJ 

452,000 
436,000 
394,000 
304,000 

* Leachate generation figures are calculated using tile HELP model developed by 
the United States Corps of Engineers. For further detail on the calculations 
and the HELP model, it is necessary to consult the appropriate exhibits. See 
Exhibits XXXIV ~nd XXXV. 

Shredding and baling waste can deter animal intrusion and blowing litter. 
Residual waste leachates may not represent the risks expected from mixed 
municipal solid waste leachate and treatment may not be as difficult; thus 
reducing the concern for minimizing the infiltration experienced from daily 
rainfall events. In situations where large amounts of waste are received on a 
daily basis and filling areas are small for rapid vertical filling, it may be 
more reasonable to cover after each lift is complete rather than on a 24-hour or 
~larking day basis. A lift may be eight feet in height, and if sufficient waste 
enters the facility on a consistent basis to create a lift in less than 24 
hours, the facility may be better served if cover were placed at less often than 
daily. A facility receiving enough waste to create eight-foot lifts every 24-
to 36-hour period will normally need to consider gas collection and treatment · 
systems due to the amount of gas that may be generated during decomposition. In 
situations like this, allowing cover to be placed less frequently than dqily may 
provide continuation within the lift to promote efficient gas collection. For 
these reasons, the Agency believes it .is reasonable to allo~1 some flexibility in 
the design of the portion of the cover system used to cover daily fill 
activities. Facility needs and correct solutions vary and it is necessary to be 
able to address these in rule. 

Item B establishes the requirements for intermediate cover. Intermediate 
cover must be used when no additional fill will be placed in a particular area 
for 30 days. The cover must be at least 12 inches thick, if soil or similar 
materials are used, and graded to prevent surface water ponding. Intermediate 
cover is intended to minimize infiltration during the period of time filling 
must occur in another portion of the facility. Intermediate cover normally 
consists of 1 01~er permeability soils than the intermittent cover and these soi 1 s 
may not be present on site. The rule does not require a specific soil type to 
be used as intermediate cover because the ultimate design and availability of 
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materials will determine whether to use soils, asphalt materials, or synthetic 
membranes. If intermediate cover is needed rarely at a facility, importing soil 
cover may not be as cost prohibitive as it would be for a frequent user of 
intermediate cover. At a facility utilizing intermediate cover on a frequent 
basis, it may be more realistic to seek cheaper alternatives. 

Under subpart 5, the fill plan must consider seasonal and other weather 
impacts on constructing fill areas,· placing final cover, and general maintenance 
needs within the fill. To meet the performance goal of minimizing infiltration 
into the fill areas, the Agency expects fill phases to be six months to one year 
in· length. Fill phases designed for longer than six months may result in 
extended periods of time where intermediate cover is expected to deter moisture 
movement into the waste. Additionally, the larger horizontal area exposed to 
moisture prior to tile placing of final cover increases the amount of leachate 
generated. The intermediate cover is intended only as a short term cover system 
until the next lift of waste is placed in the area. Operational plans should 
not include significant time blocks· allocated to the maintenance of the 
intermediate cover because this would be extremely time intensive for little 
return. A more efficient approach is minimizing the size of the working area 
and eliminating the need for intermediate cover to the extent possible. It is 
not expected that intermediate cover would be needed with any frequency at most 
facilities because 30 days represents a significant portion of a six-month fill 
phase. Thirty days is a reasonable time frame in determining when intermediate 
cover should be used because precipitation during a 30-day period can be 
significant. The time frame for intermediate cover also serves to encourage 
filling in one area, to the extent possible, until final waste elevations are 
achieved. Once fill elevations are reached, there may be a need for 
intermediate cover to carry tile system over until final cover may be put in 
place during the spring rather than the winter. Some flexibility should be 
allowed in designing fill operations while maintaining some basic control on the 
amount of infiltration through the cover system. 

The Agency believes 12 inches of compacted soils is appropriate design 
standard for intermediate cover. Settlement will occur during .the time 
intermediate cover must serve as a moisture retardant and to discourage animal 
intrusion. The amount of cracking, sifting, and erosion of the cover is 
dependent on the amount of settlement that does occur. Because intermedi.ate 
cover may need to function for as long as six months, winter to summer, before 
final cover is placed, it is important that the intermediate cover retain its 
integrity during this time. Twelve inches was chosen as the standard for two 
reasons. The first reason is experience. Current Agency solid waste rules 
require 12 inches of intermediate cover and this has worked well. Thus, this 
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requirement would not be a change for facility 01vners and operators to adjust to 
when the proposed rules become effective. Second, this depth of soil will allow 
for some filling of voids in the compacted waste to assure good waste coverage. 
Intermediate cover provides a base on which the facility owner or operator can 
grade the final cover or next lift of waste without disturbing the in-place 
waste. The foundation permits adequate compaction and encourages good buffer 
between barrier layers and waste fill areas. 

Item C establishes the final cover requirement for existing facilities 
intended to be completely closed within 18 months after the effective date of 
parts 7,035.2525 to 7035.2815. If a facility owner or operator will be closing 
the land disposal facility 1~ithin 18 months after the effective date, it would 
be unreasonable to require the same cover system needed for facilities operating 
longer. The facility owners and operators facing closure within 18 months will 
not be able to change the design of the facility to meet the proposed slope 
requirements or cover design standards before closure. Additionally, the cost 
of the proposed cover design would not have been incorporated into the facility 
budget. This would create a need for large increases in the rates to cover 
expenses. A large rate increase may r·esult in a decrease in business, causing 
operations to continue longer than expected. The Agency believes it is 
preferable to allow existing facilities that are nearly complete to be closed 
under intermediate standards rather than continue the operations for some 
extended period. 

Subitem (1) requires the final cover system to be compatible with the end 
use of the site. The design and construction requirements of this item are 
minimum standards only. It is important that the facility mvner or operator 
consider the risks associated with constructing a cover system meeting only the 
minimum standards. The intention of a final cover system is to minimize 
infiltration of precipitation entering the fill area resulting in the generation 
of leachate. If the integrity of this cover system is disrupted, the 
performance goal of minimizing infiltration will not be met and the risk and 
liability of impacting ground water or surface water will increase. Therefore, 
it is important that the facility m~ner or operator consider the final end use 
for the site in order that protection measures may be factored into the design 
of the final cover system. 

The facility o~mer or operator 
system compatible with the end use 
the integrity of the final cover. 

should design and construct a final cover 
because the preplanning efforts will ensure 
If the preplanning effort is not reflected in 

facility design plans and specifications, the final cover system may be 
completely inadequate to address the potential needs and risks associated 1~ith 

the end use. Finally the requirement to consider the design of the final cover 
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system with the end use of the site is no more than sound business practice. 
Subitem (2) requires the final cover system at short-term facilities to be 

graded in a manner that prevents surface water pending. The minimum acceptable 
slope is two percent and the maximum slope is 25 percent. The final cover 
system is intended to minimize the amount of infiltration into the waste fill 
areas. Surface water pending creates pressure on the water above the cover 
soils, increasing the downward movement of liquids through the cover system and 
into the 11aste. The final cover system should be constructed to prevent surface 
water pending, thus allowing the cover soils to perform in their intended manner 
and reducing the amount of infiltration occurring at the facility. The risk 
associated with the amount of leachate. generated will also be reduced. 

The minimum slope requirements proposed in this subitem are the standards 
required under existing Agency solid waste rules and permits. The Agency 
proposes to retain the existing slope standards for facilities with only 18 
months of remaining capacity. NeiJ requirements requiring the facility owner or 
operator to alter the final slopes for the areas to be filled in during the last 
18 months would result in considerable design alterations. The design 
alterations would take some time to complete and be approved. During this time, 
filling 11ould continue to take place, increasing the difficulty for the facility 
owner or operator to make the necessary changes in operation and construction. 
The change in slopes could cause the facility owner or operator to request 
additional fill capacity and change in final waste contours to allow the 
remaining fill area to be compatible with previously closed areas, or require 
the facility owner or operator to lower the final waste elevations in the 
remaining fill areas to obtain the necessary slopes and be compatible with 
existing areas. The drop in final waste contours would decrease the total 
facility capacity, causing the facility mmer or operator to close the facility 
sooner than intended. The earlier closure could prohibit the facility owner or 
operator from generating sufficient operating revenue to complete closure 
activities as scheduled and to set aside funds for postclosure care and 
contingency action. 

Subitem (3) establishes the particular final cover design requirements to be 
followed by the owner or operator of a mixed municipal solid waste land disposal 
facility with 18 months or less remaining capacity. The standards listed in 
this subitem are minimum standards and the facility owner or operator may choose 
to design and construct a final cover system using more stringent standards that 
minimize the risks associated with the use of a minimum design. Subitem (3) 
requires the final cover system to be composed of two layers, a barrier layer 
and a top layer capable of sustaining vegetation. The barrier layer must be at 
least 24 inches thick, if soils or similar materials are used. If a synthetic 
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material is used as the barrier layer, it must be at least 30/1000 of an inch 
thick. The barrier layer may have a permeability no greater than 2 x 10-6 
centimeters per second. The barrier layer must b~ overlain by at least 12 
inches of material of which at least six inches is topsoil. The top layer must 
be capable of sustaining vegetative growth. 

The eiisting Agency solid waste rules require 24 inches of compacted ~arth 
material maintained with sufficient topsoil to provide suitable vegetation. ~o 

specific standard is provided as to what earth materials are acceptable. The 
Agency believes that a more definitive standard must be established to ensure 
that minimal_ performance criteria are attained at all mixed municipal solid 
waste land disposal facilities. This level of protection is necessary to 
minimize the amount of leachate generated at these facilities. Facilities 
governed by this subitem, in almost all cases, have no liner or leachate 
collection system. The fill ,areas are located in old gravel pits, floodplain 
areas and other undesirable locations. If the amount of leachate generated is 
not limited, the risk to ground water and surface water grows. Under the 
existing final cover criteria, facility owners and operators have used any 
available soils to attain 24 inches of earthen material with little regard for 
its potential to retain moisture or retard the downward percolation of moisture. 
In many cases, this material is high in sand or gravel content, resulting in a 
highly permeable cover that allows significant amounts of moisture into the fill 
area. By providing a minimum set of standards, the Agency defines a maximum . 
amount of risk associated with the final cover system. The facility owner or 
operator must determine the costs and benefits associated with altering the 
design to further minimize the amounts of leachate generated and the risk 
associated with it. 

In 1981 and thereafter, the Agency began to define the accepted final cover 
design in facility permits. While remaining lvithin the 24-inch cover 
requirement, the Agency began to require that the final cover design be capable 
of minimizing infiltration and promoting surface run-off rather than just 
function as a support medium for vegetative growth. Under these requiremenls, 
final cover systems consisted of 12 inches of a low-permeability soil and twelv.e 
inches of on-site soils, six inches of which were capable of sustaining 
vegetation. The lolv-permeability soils were to function as a barrier layer and 
the top on-site soils as a vegetative layer. Although these provisions met the 
design requireme"nt of 24 inches and attempted to define the characteristics of a 
final cover design to·control infiltration and promote surface run-off, the 
Agency believes that a more defined _set of design standards is needed in_rules 
that will promote a more consistent approach to the design. 

For short term land disposal facilities, the Agency believes a tompromise 
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must be made on the cover design. Some balance must be achieved between the 
cost of establishing a good cover over the fill area and the benefits from 
closing small portions of these facilities with the new cover design. The 
benefits may be small because previously closed areas may have no more than 24 
inches of sand for final cover and 1~ere not placed 1~ith the intent to mimimize 
infiltration. The Agency believes the design requirements of subitem (3) are a 
reasonable attempt to balance costs with the need for good final covers. While 
maintaining the same slope requirements, the Agency has changed the final cover 
thickness from 24 inches to 36 inches. 

If only one lift were used, the percolation of moisture through the cover 
would be high. Therefore, it is necessary to use additional lifts to rectify 
this situation as each succeeding lift builds a firmer base for the compaction 
equipment to operate on. The Agency believes it is reasonable to require the 
owners and operators of existing land disposal facilities to construct a final 
cover with the additional 12 inches of barrier material because it serves not 
only as a deterrent of downward movement of moisture into the fill areas but 
also because of the structural support it provides. The requirement that all 
existing facilities meet this standard eliminates the competitive advantage that 
may have been given to the facility owners and operators whose permits had not 
yet been reissued with a defined cover design. All facilities operating at the. 
same time should be required to meet the same minimum standard. 

The Agency believes it is necessary to have at least 12 inches of top cover 
over the barrier layer. The top cover performs many func~ions in the final 
cover system. Three of the most important functions are water-holding capacity,. 
vegetative support, and prevention of drying of the barrier layer. The 
water-holding capacity of a particular soil is directly proportional to the 
thickness of the soil. For instance, the water-holding capacity of silt is two 
inches of water per foot of soil. If only six inches of soil were present it 
would only be able to hold one inch of ~later. If the cover were doubled to 24 
inches it would be·able to hold four inches of water. It is important that the 
soil used for the top layer have good water-holding capacity for two reasons. 
The first being to minimize infiltration, absorbing as much as possible of the 
precipitation that does not run off. Second, the moisture after absorption 
becomes available to the vegetative roots within the top layer. Third, 
providing a top layer of soil over the barrier layer prevents desiccation of the 
barrier layer. Because the top layer has the ability to hold a certain amount 
of moisture, dependerit on the type of soil, the moisture held in the barrier. 
layer is not evaporated and desiccation cracks do not develop in the barrier 
1 ayer. It is important to prevent these cr·ack s as they serve as conduits for 
moisture to percolate through the barrier layer into the fill. The final 
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function of the top soil layer is as a gro~th area for the final cover 
vegetation. A good vegetative growth on the final cover stabilizes the cover 
soil and minimizes erosion, and encourages evapotranspiration. A normal seed 
mixture will contain annual ryegrasses, Kentucky blugrass and various fescues. 
These grasses have a root zone growth between 12 and 18 inches. If the Agency 
were to allow only a six-inch top layer, the roots would either penetrate the 
barrier layer providing a conduit for infiltration or die because of 
insufficient growth area. Thus, the Agency believes a minimum depth of 12 • 
inches should be used as the top layer of the final cover system. 

Subitem (3) requires that at least the uppermost six inches of the top layer 
consist of earthen material classified as topsoil. Topsoil is a loam-type soil 
that has good moisture holding capacity and nutritive content for supporting 
vegetative growth. By requiring at least six inches of_ topsoil, the Agency 
ensures that suitable moisture will be available to establish vegetation on the 
final cover and minimize the drying of the barrier layer. 

It is unreasonab 1 e ·to require that the entire top 1 ayer of the cover sys tern 
consist of topsoil because of the expense associated with this material. Only 
six inches of topsoil are needed to germinate seeds, thus the six-inch topsoil 
requirement would meet this need. The additional soil in the top layer provides 
additional water-holding capacity and a growing depth for the vegetative roots. 
The Agency believes this design 1vi ll provide the mini mum depth needed .to 
establish root growth and protect the barrier layer from desiccation, while 
ensuring that all facilities are constructed with the minimal amount of topsoil 
needed to germinate the cover grasses. This design establishes minimum criteria 
consistent for all facilities \~hile allowing the facility owners and operators 
to use available soils to minimize costs during the last 18 months of operation. 

The Agency believes .it is reasonable to allm1 facility mvners or operators 
the option of substituting a synthetic material for soil as the barrier layer. 
A soil capable of meeting the 2 x 10-6 centimeters per second permeability 
standard may not always be available on-site. Therefore, the facility owner or 
operator is allowed to evaluate the cost effectiveness of using synthetic 
materials for the barrier layer . 

. The permeability standard of 2 x 1o-6 centimeters per second for the barrier 
layer is needed to control the amount of infiltration of moisture into the fill 
area. The proposed standard is'easily attained.in the field under normal fill 
conditions. Because mixed municipal solid waste does not form a universally 
firm base in the fill area even 1vhen compacted, compacting soils to meet very 
low permeabilities requires very careful soil selection and field application of 
compaction techniques. For existing facilities, whose owners and operators hav~ 
not anticipated costs associated with low-permeability soils, a permeability 
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standard less than 2 x 10-6 centimeters per second would be unreasonable. This 
is particularly true when as much as 50 percent of the fill area may be covered 
with on-site soils before this standard is in effect. 

The proposed permeabiljty standard establishes a necessary basis to deter 
the downward movements of moisture into the fill area. Table 2 compares the 
amount of moisture moving through a 24-inch barrier layer of varying 
permeabilities. The proposed design standard restricts the amount of 
infiltration into the fill area and is reasonably achieved with commonly, found 
soilsand compaction techniques. As with all design standards, the facility 
owner or operator may choose to use a l01~er permeability to lower the risk 
associated with operating the fill. This would be a particularly important 
consideration for the facility operations that have functioned as area fills and 
have a majority of the fill area uncovered at the time the rules are effective. 
By using a final cover design more restrictive than the minimum standards 
proposed in this subi tern, the facility owner or opera tor may reduce the 
long-term care needs for the facility by minimizing the amount of infiltration 
into the fill area. 

$ubitem (4) requires the facility owner or operator to establish a 
vegetative cover on the fill areas consisting of shallow-rooted perennial 
grasses or other suitable vegetation that will not penetrate the barrier layer. 
A good vegetative cover serves three main functions. First, the root structure 
of the grasses stabilizes the camp 1 eted s 1 opes and protects them from erosion. 
Erosion can expose buried waste, contribute to off-site sedimentation problems, 
and ultimately impact water quality. Second, vegetative cover helps control 
water infiltration into the fill areas as growing plants utilize water from the 
soil and decrease the amount that may percolate into the barrier layer. 
Finally, vegetative cover enhances the overall site appe~rance. Vegetative 
cover is usually the lowest cost item of the final cover system. A good 
vegetative cover is an easily attainable standard and is not an additional 
burden placed on the owners and operators. It is required in existing Agency 
solid 1~aste rules and faci,l ity permits. 

Item D establishes the final cover design requirements for new mixed 
I 

munici.pal solid waste land disposal facilities and existing facilities that will 
be in operation longer than 18 months after the effective date of parts 
7035.2525 to 7035.2815. The minimum design standards proposed in this item are 
consistent with the Agency's overall risk management approach to the design, 
construction and operation of solid waste management facilities. It is the 
Agency's position that ~he design and performance standards of this item are the 
basis for developing a facility, capable of ,minimizing the risks associated with 
land disposal of mixed municipal solid waste. The standards proposed under this 
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item must be reviewed carefully by the facility owner or operator to determine 
the combination of options that best suits site conditions. If taken as 
written, the design standards alone will not result in a facility capable of 
complying with performance standards. That is, the design standards cannot be 
taken verbatim from the appropriate section for designing a final cover system. 
The design standards must be used in conjunction with the p~rformance standards 
to comply with the requirement of this item. The design requirements must be 
adjusted in some manner to meet the performance standards. Faci ,1 i ty owners and 
operators are required to evaluate the performance of the facility and consider 
specific site topographic features, hydrogeologic conditions, and operation of 
the facility in developing the final design. Including minimum design standards 
in the proposed rules causes the facility owners and operators to know the 
Agency's position as to what is required to minimize the potential impacts from 
the operation of a solid waste management facility. The facility owner or 
operator may make cost/benefit comparisons between designs in the overall 
facility risk management program. The use of specific design standards coup 1 ed 
with performance standards provides consistency in the amount of work that must 
be completed by each facility mmer arid operator. The standards also allow 
flexibility for modifications above the base level requirement for additional 
controls that are site-specific. 

Subitem (1) requires the final cover system to be compatible with the end 
use anticipated for the site. The integrity of the final cover system i·s 
critical to the overall performance of the facility because of the potential 
erosion problems, leachate generation, and other problems resulting from the 
disruption of the final cover. The subitem provides the facility owner or 
operator flexibility in designing the final cover as it relates to the end use. 
This subitem does not define one type of final cover for all facilities. This 
would reduce the options for using the site after closure. For instance, a site 
to be used as open space would vary in design considerably from a site to. be 
used as a golf course or tree·farm. Postclosure care costs and maintenance 
efforts are directly related to the site design. Only the facility owner or 
operator can determine the appropriate comfort level for. risks associated with 
faci 1 i ty operations and 1 ong-term care. 

Subitem (2) requires the facility owner or operator to design and construct 
a final cover system capable of containing or rejecting at least 90 percent of 
the precipitation falling on the system. The final cover system is intended to 
divert moisture away from the fill area to minimize the amount of leachate 
generated. The standard for containing or rejecting 90 percent of the 
precipitation falling on the cover system is easily attained when using soils 
with good moisture-'holding capa'city and sloping the final cover in a manner that 
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encourages draining off the area. As shown in Tab1e 3, even with carefu1 
control on the cover design, including materia1s used, slopes achieved, and 
drainage 1ength, the facility owner or operator cannot comply with the 
performance standard if only the minimum design standards are used. The Agency 
intended this result. It is the facility owner's or operator's responsibility 
to determine the actual design. The Agency only establishes minimum p~otection 
levels. 

Parameter 

Precipitation 
Runoff 
Evapotransperation 
Percolation from Base 
Drainage from Base qf 

TABLE 3 

Infiltration Through Final Cover* 
Volume 

qf .coyer 
Cover 

'• • I : ~ 

inches/year 
25.76 
0.658 

21.334 
3.8019 
0.038 

*Design characteristics: ' ; ~ . Top layer 
Drainage layer 
~arrier layer 
D~ainage length 

18" loam 
6" sand 

24" clay 
200 feet 

gallons/year 
17,482,000 

447,000 
14,480,000 
2,581,000 

26,000 

Calculations completed .YSi!lg HELP model. See Exhibits XXXIV and, XXXV. 

By establishing ? p~rforr1ance standard, the Agency allows the facility owner 
or operator to consiqer the materials available, the final cover design 

. . . ·.·I 
standards, and the ri~k ~ssqciated with just meeting the performance standard as 
compared to exceedi ~g 'tne st'andard. The fi na 1 cover sys tern design is only one 
component of the overall ~erformance standard to be achieved at the facility. 
Establis_hing a base level performance standard serves as a guide in designing 
final cover systems. The benefits vary with the design unless a minimal level 
of protection is required. - Some soils are better noted for strength while 
others have a greater mo.isture-holding capacity. Without a performance 
criterion either design material may be acceptable. Every final cover system 
must be able to control infiltration. 

The performance standard of 90 percent was chosen by the Agency as a 
reasonable goal because it requires that consideration be given to the final 
cover design system yet takes into account the long-term_ effects Minnesota 
winters may have on the cover system. A performance standard less than 90 
percent can be theoretically achieved by the placement of soils with some 
moisture-holding capacity. Little advantage is seen in establishing a 



February 23, 1988 

-421-

performance standard less than 90 percent over minimum design standards. For 
instance, a performance standard of 80 percent would result in 4.5 inches of 
infiltration in the fill area, assuming 30 inches of precipitation. When 
compared to the 33 percent decrease in infiltration (3.0 inches) for the 90 
percent standard, the advantages become· obvious. For the additional effort, 
considerable costs are saved in the amount of leachate requiring treatment. A 
performance standard greater than 90 percent does not reflect the freeze-thaw 
effects nor does it recognize the existence of the barrier liner used to collect 
infiltrating moisture in the form of leachate. Ninety percent efficiency is 
attainable without significant changes in the minimum desi~n standards 
established in rules. The facility owner or operator has the opportunity to 
evaluate the risks associated with particular designs that meet or exceed this 
standard. 

Subitem (3) requires the final cover system to consist of soils or amended 
soils in three distinct layers. The uppermost layer is designed to allow only 
vertical flow downward, or upward through evapotranspiration. This layer 
.Provides protection for the lower layers and a medium for vegetative growth. 
The drainage layer, located immediately below the uppermost layer, is composed 
of permeable material designed to intercept, collect, and remove water 
percolating through the surface. This layer will remove water that could 

/ 

infiltrate into the waste and provide some protection from erosion. The lowest 
layer in the composite system is designed as a barrier layer. The barrier layer 
is intended to minimize the downward migration of moisture into the fill area 
and the upward migration of gases. This subitem establishes the minimum design 
standards for each layer of the final cover system. 

Each component must be reviewed for its intended use, its interaction with 
the other layers, and its cost. The rule establishes the minimal acceptable 
designs for each layer in order that some of the more costly components of the 
system are not overlooked. The computerized HELP model allows the facility owner 
or operator to make these comparisons quickly for use in comparing various 
design options. See Exhibits XXXIV and XXXV. This model is available from EPA. 
The Agency uses it when reviewing design proposals. The details of the model 
will be discussed in conjunction with the liner design and performance standards 
but are highlighted here to show that assistance is available to the facility 
owner and operator in evaluating the effectiveness of designs. 

The lowermost layer, barrier layer, of the final cover system must be at 
least 24 inches thick if it consists of soils or amended soils. If placed on an 
evenly graded firm foundation, a layer of six to twelve inches of compacted 
soils may result in a barrier capable of minimizing the downward migration of 
moisture·. However, in the case of solid waste land disposal facilities, this 
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condition does not exist. The waste in the fill ~rea is not homogeneous. It 
consists of large bulky items such as appliances and smaller items such as 
paper, tree limbs, and cans. When compacting such a wide assortment of materials 
the facility owner or operator will obtain a completed surface filled with voids 
and having a sponge-like quality. Uniform compaction of cover material on this 
surface is difficult. Thus, a safety factor must be considered in the design 
standards for the construction of the barrier layer and the actual performance 
of this layer .. If sufficient thickness is not used in forming the barrier 
layer, cracks will form from compaction and shifting of the material on the 
spongy base. These cracks will then become a controlling factor on the 
performance of the barrier layer in preventing the downward migration of 
moisture into the fill area. Additionally, the thickness provided for unde"r 
this subitem ensures that a minimum level of thickness of material with the 
proper permeability is achieved. A certain percentage of the cover material, as 
placement and compaction take place, will filter into the waste below resulting 
in uneven distribution of the material. The Agency believes 24 inches to be a 
reasonable minimal thickness for the barrier layer of a final cover system. 

·The drainage layer must be at least six inches thick. The drainage layer is 
intended to intercept moisture percolating through the top vegetative layer and 
carry moisture off the barrier layer. The drainage layer also acts as a 
protective mechanism for the barrier layer during construction of the final 
cover system. Six inches is the minimum thickness needed to function as a 
protective layer and the drainage layer. This layer is normally constructed 
using poorly sorted sands and gravels that make a highly permeable layer to 
encourage horizontal movement of moisture off the barrier layer. It. is easier 
to flow through the open pores of sand and gravel than the tightly compacted 

' clay barrier layer. The equipment used to spread the drainage layer is not able 
to place thin layers of the material with consistency. Thus, the six-inch 
standard is a minimum construction specification. The six-inch standard is also 
a suitable thickness to allm~ a small build-up of moisture on the barrier layer 
during periods of excessive precipitation. A· thorough soaking of the upper 
layer during these periods creates a need to drain the top layer to provide 
proper aeration of the root zone for the vegetation. Excess moisture will 
deplete available oxygen in the root zone and prevent uptake of oxygen and 
minerals into the plant. A six-inch standard protects the barri~r layer during 
placement of the top layer, is of sufficient depth to hold· drainage pipes, if 
needed as part of the design, and is the minimum depth for placement by large 
construction equipment. 

The top layer must be at least 18 inches thick. The top layer must be thick 
eno.ugh to contain the vegetative roots and to have a water-holding capacity that 
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promotes vegetative growth. At least six inches of the top layer must consist. 
of topsoil. Vegetation is needed to control erosion of the cover system. 
Vegetation stabilizes the soil structure and controls excessive moisture in the 
final cover system by absorbing the moisture and using it for growth. 
Evapotranspiration is a significant factor in maintaining a water balance that 
will minimize infiltration. Therefore, it is necessary to have a suitable 
medium for vegetative growth. By requiring the top layer to have a good 
moisture-holding capacity, the Agency has established the minimum needs 
(sufficient moisture) for establishing good vegetative growth. The grasses 
normally used in seeding slopes are Kentucky bluegrasses; perennial ryegrasses, 
red fescues and clovers. These grasses, although capable of germinating in six 
inches of soil, need a minimum of 12 inches of suitable soils for good growth. 
Many of the grasses, such as perennial rye grass, require 18 inches for good root 
development. Ryegrasses are important in establishing vegetative growth and 
stabilizing soil cover as they are fast germinating and have a broad root 
structure that will help prevent erosion from occurr.ing on the cover. It is 
reasonable to require a minimum top layer thickness of 18 inches because it 
provides the growing medium structure for the vegetation, protects the bottom 
layers from being disrupted by the grass root structures, and is obtainable by 
facility owners and operators. 

Subitem (4) requires the facility mvner or operator to design and construct 
the barrier layer with maximum permeability of 2 x w-6 centimeters per second. 
This standard alerts facility mmers and operators of the Agency's perspective 
on cover efficiency. A barrier, in basic terms, may be as simple as a change in 
permeability from the upper soil layers such that the flow of water in the 
vertical direction would slow. In some cases this can be attained by using only 
slightly different soil textures, silty loam versus loamy sand, and.compacting 
each to different densities in order to ensure some minimum level of performance 
will be achieved by the barrier layer. 

Maximizing the final cover system efficiency involves designing a system 
where horizontal flow within the cover is more dominant than vertical flow into 
the fill area. This is accomplished by changing permeabilities between soil 
layers in a sufficient magnitude that the horizontal flow· predominates. For 
instance, water flowing through sand, permeability of 1 x 1Q-3 centimeters per 
second, 1vill move vertically because of gravity and the large pore sizes between 
the grains of sand. When this water hits a clay soil, permeability of 2 x 10-6 
centimeters per second, it will mdve through the sand horizontally across the 
top of the clay barrier. It is easier for the water to move horizontally along 
the sloped surface of the clay rather than vertically because movement through 
the clay is controlled capillary forces pulling the 1vater through the small 
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openings rather than gravity through the larger openings in the sand particles. 
The permeability requirement for the barrier layer ensures that the drainage 
layer and the barrier layer will differ in permeabilities in a manner that 
encourages movement through the drainage layer but not into the waste. If the 
annual precipitation rate is 30 inches, this would mean at most 3 inches of 

' precipitation could enter the fill area. 
A minimum permeability requirement along with the performance standards 

ensure that vertical. flov1 into the barrier layer is not predominant. This 
system also allows the facility owners or operators to alter the per~eability to 
achieve a better efficiency rating rather than requiring more materials, 
collection points, or slopes. The type of soil capable of meeting this 
permeability is available and the facility owners and operators have sufficient 
flexibility to alter the permeability to achieve a better efficiency.and lower 
risks associated with the facility operation. 

Subitem (5) permits the use of synthetic membranes as the barrier layer. 
The membrane must be at least 30/1000 of an inch thick and meet the physical 
property standards for the material type developed by the National Sanitation 
Foundation. Synthetic membranes are useful substitutes for soil barrier layers 
in areas where the proper soil types are not available. Properly installed, a 
synthetic membrane may have a permeability of 1 x 1o-10 centimeters per second 
or less. This makes the synthetic membrane a very good barrier to infiltration. 
Synthetic membranes may be either factory-or field-seamed with minimal 
difficulty. Synthetic membranes are easily joined in sections during the 
closure period of each phase. It is reasonable to require a 30/1000 of an inch. 
thick standard for the synthetic membrane because it provides a low-permeability 
material with strength to hold up under the strain of installation. A thicker 
standard is not required because the quantity of water sitting on the membrane 
is minimal and the risk of rupture under stress due to settlement requiring 
repairs that would be expensive for other thickness and no additional 
environmental protection is provided. A thinner standard is not permitted 
because of the ease by which the material would be punctured by sharp objects in 
the 1~aste and the difficulty of placement without tears. By providing the 
option of using synthetic materials as part of the final cover system, the 
Agency allows facility owners or operators to address specific site concerns 
and balance the cost of synthetic membranes and soil barrier layers. 

The materials used and the construction techniques vary for installation of 
synthetic membranes. The National Sanitation Foundation is a nationally 
recognized central clearinghouse for these standards., Reference 70. 
Additionally, the National Sanitation Foundation continues to work on 
standarized test procedures for evaluating synthetic membranes to develop 
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consistency within the industry. The National Sanitation Foundation standards 
are used by the industry and accessible to facility owners and operators. 

Subitem (6) requires the layer of topsoil be capable of sustaining 
vegetative cover consisting of shallow-rooted perennial grasses or other 
suitable vegetation that will not always be grasses. The final cover system is 
designed with the anticipated end use for the site in mind. The facility owner 
or operator may consider uses for the facility other than open space. For 
instance, a blueberry or raspberry farm might be proposed. These plants, 
although needing slightly more than 18 inches of soil for root growth, do not 
require large amounts of cover material as the roots are shal1ow. However, the 
nutrient .value and pH must ·be properly controlled to ensure good growth .for 
these plants. Because of the variability in needs for vegetative growth, it is 
reasonable to propose a geheral performance standard for the topsoil. 

Subitem (7) requires the facility owner or operator to consider the need for 
drainage ditches, pipes and collection areas to prevent erosion and excessive 
sediment. It alsb requires the identification of construction techniques needed 
to maintain the drainage layer in place on the barrier layer. The concern with 
land disposal facilities is the control of run-off waters from the facility onto 
the surrounding area. The sediment run-off waters carry one of the most 
damaging nonpoint source pollutants in Minnesota. It can affect many miles of 
surface water. Additionally, other pollutants are transported with it. 
Sediment can fill in lakes or reservoirs and form thin layers on the bottom of 
river and stream beds that smother the aquatic habitat. The potential of 
sediment loss is highest during the initial seeding and grass establishment 
period. If good vegetation cannot be established because of drainage problems, 
sediment loss will continue. Thus, design and construction techniques must 
m1n1m1ze this potential to the greatest extent. By establishing a performance 
standard, the Agency permits the facility owner or operator the opportunity to 
choose a design that is compatible with the overall facility design and 
operation, and end use intended for the site. The proposed standard allows the 
facility owner or operator to incorporate this risk management tool into the 
overall facility program and ensures that actions will be taken before a problem 
occurs. 

The need for maintaining the drainage layer on the barrier layer arises 
from the potential use of synthetic materials at land disposal facilities as 
final cover. Synthetic materials will have, in some cases, a very smooth 
surface that v1ill not be able to hold the drainage soils on steeper slopes. The 
maximum slope ratio that will hold an earth cover over a smooth liner is three 
horizontal to one vertical. Even· at this slope or flatter slopes, the cover 
soil should be stable and resist sloughing. Because of the importance of the 
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drainage layer in encouraging horizontal movement of water off the synthetic 
membrane and in protecting the membrane from punctures and weather conditions, 
facility owners and operators are required to address how the drainage layer 
will be maintained, particularly on the steeper side slopes of the fill area·s. 

The control of sediment loss and erosion is dependent on the speed and area 
water moves over the cover. Vegetation is used to .stabilize the cover soil, but 
consideration must be given to the use of collection pipes and drainage ditches 
in controlling water movement. Collection pipes and drainage ditches permit the 
control of surface water movihg over the cover. Using these design components, 
the facility owner or operator divides the cover into collection areas to 
control the speed and travel area of surface water. The amount of sediment loss 
and erosion potential is related to the speed and amount of water drained over a 
specific area. Facility owners and operators must consider the use of 
collection pipes and drainage ditches because of the impacts sediment may have 
on surface water environments. 

Subitem (8) requires a buffer layer to be used under the barrier layer. The 
buffer layer must completely cover the waste to protect the barrier layer from 
punctures and other disruptions from the waste. By covering the \1aste 
completely with a buffer layer, the facility owner or operator will also find it 
easier to compact soil barrier layers because of the firmer foundation 
the buffer layer provides. Less soil will be needed in forming the barrier 
layer because less material will sift into the voids of the \taste. Thus, a cost 
savings will be recognized by the facility owner or operator who will not be 
using the more expensive lower-permeability soil to fill in voids within the 
waste. A buffer layer is critical for those situations where a synthetic 
membrane will be used. When soil barriers are punctured, they can heal 
themselves somewhat by reforming around the puncture. It is more difficult to 
puncture the 24 inches of soil barrier layers. If a synthetic membrane is 
punctured there is no movement to fill the gap left by the hole. Fractures of 
the membrane in other places d'ue to the stress caused by the puncture can occur 
as the membrane proceeds to be pulled into the settlement. The barrier layer's 
integrity must be maintained if the system is to perform effectively. 

Subitem (9) requires the final cover system to be graded to a minimum slope 
of 3 percent and a maximum slope of 20 percent, unless the Commissioner approves 
otherwise. The Commissioner's approval of changes must consider the ability of 
the proposal to minimize infiltration and prevent erosion, the design and 
operational specifications, and the ultimate use for the site. The final cover 
system must maximize surface water run-off and prevent ponding of surface water.· 
Precipitation is the source of water that runs off the surface of the fill 
area. 
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The kind of soil and the type of vegetation growing in it have a major 
effect on the amount of run-off. The slope of the area affects the rate of
run-off more than the amount. It is the ~ate pf run-off that impacts the amount 
of infiltration or erosion that occurs. On a flat slope water moves slowly off 
the final cover. Infiltration will be greater than the same final cover system 
placed at a steeper slope because of less time is available for vertical 
movement into the soil before water moves off in the horizontal direction. If 
the slope is steep, the rate of run-off can channelize the soil increasing the 
amount of sediment lost from the cover. 

On slopes of less than 3 percent, the irregularities of the surface and 
vegetation commonly act as traps ·for holding run-off and encouraging 
infiltration. The construction 'of slopes less than 3 percent is very difficult 
with the equipment that is used to work on the spongy waste. A 3 percent 
standard removes the construction difficulties, en'sures sufficient slopes exist 
even with settlement, and protects against erosion from very steep slopes. A 5 
percent slope is recommended in landscape maintenance as a sufficient slope to 
promote run-off without risking excessive erosion. It is reasonable to 
establish a minimum standard of 3 percent because it provides a base level of 
protection and allows-the facility owner or operator to adjust the slope in a 
manner that is compati·ble with the overall design and operation of the facility 
and intended end use. Too steep a slope 11ould eliminate some potential site 
uses. The Agency has found that the existing two percent slope requirement has 
been ineffective at existing facilities in that the slightest amount of 
settlement eliminated the slope entirely and flat-topped fill areas resulted in 
unacceptable amounts of surface water ponding. The Agency believes the 3 
percent requirement is reasonable because it compels the development of 
acceptable slopes for existing facilities·. Facility owners and operators need 
not lose large amounts of fill capacity in order to make previously closed areas 
and areas closed under the new standard compatible. 

Designing slop~s greater than 5 percent must be considered carefully because 
excessive slopes lead to settlement. Decomposition of solid waste will cause 
settlement on the outside edge, causing surface slopes to increase with time. 
Thus, forethought in designing is necessary to avoid such increases in slopes to 
the extent that excessive erosion may occur. In order to minimize the problems 
associated with side slope settlement, the Agency believes a maximum slope of 20 
percent is reasonable.· The maximum standard prohibits development of steep side 
slopes so that excessive erosion problems develop due to the inability to place, 
compact, and maintain final cover on these areas. 

This subitem allows the Commissioner to approve· alternatives to the minimum 
and maximum slopes to be proposed by the facility owner or operator. By . 
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establishing a method of obtaining approval for designs that differ from the 
basic standards included in the proposed rules, the Agency provides for 
flexibility in designs for land disposal facilities 1vithout a formal variance 
procedure. 

By establishing the basis for the Commissioner's decision, the rule alerts 
the facility ovmer and operator to the information that must be included in any 
request for change from the minimum or maximum standard required in this 
subitem. The listing of items to be addressed in any change request will 
provide consistency in the approval process. The Agency allows the facility 
owner or operator the opportunity to incorporate a final slope design that is 
consistent with the entire facility design and operation for minimization of 
risks associated with the facility. This provision responds to commentors on 
the ru 1 es who suggested that requiring a variance req·ues t as the only option for 
changes to an alteration to final slopes would be unreasonable and an 
unnecessary burden to facility mmers and operators. There are alternative 
designs, such as terraces on the side slopes, capable of providing an adequate 
amount of surface water run-off without causing excessive erosion. The Agency 
agreed that the facility owner or operator would be better served, and no 
increased risk to human health and the environment would result, from allowing 
some flexibility in the slope designs, provided the facility mmer or operator 
could show how the alternative design would function. The overall goals of the 
proposed rules are to provide some combination of design and performance 
standards that assures the minimum level of protection for human health and the 
environment. This protection should exist at all facilities. The rules should 
also allow the facility owner or operator to use designs that vary from the 
basic design standards so that the facility design may encompass a risk 
management program capab 1 e of meeting the needs of the facility o~mer or 
operator. The Agency believes that this subitem is consistent with this 
approach. 

Item E requires the facility owner or operator to place all cover material 
for the barrier, buffer and drainage 1 ayers in 1 i fts of no more than six inches 
to achieve maximum compaction. Each lift must be compacted within 0 to 5 
percent of optimum moisture content to achieve 95 percent Standard Proctor. The 
uppermost six inches of the top soil must not be compacted in order to allow for 
seeding and germination of t~e vegetation. Compaction of cover soils 
increases the strength of the soil materials and reduces the permeability. The 
Standard Proctor analysis for evaluating compaction is discussed in detail under 
subpart 8. However, a portion of that discussion is appropriate at this time. 

The Standard Proctor analysis is designed to evaluate the field techniques 
for compaction qn a solid base. Compaction results using the same field 
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techniques for operation on the waste as are used for the work on a solid base 
often fall short of the desired results. Thus, addit_ional work must be 
completed to achieve the final compaction results needed to obtain low 
permeability characteristics for the cover. Genera 1 guidance has been derived 
from these results regarding the field compaction efforts necessary at solid 
waste operations. Although this g~idance gives useful information, relations 
between field compaction and laboratory density curves must be completed on 
site-specific conditions because of the change in soils and waste. 

Natural water content of soils often approaches the optimum for compaction. 
However, in some cases too little or too much moisture may be present requiring 
some effort to bring the moisture content within acceptable ranges. Maximum 
density during field compaction often occurs on the wet side of optimum water 
content while maximum strength occurs on the dry side of optimum. Thus, there 
is a need to determine the water content to be used to maximize both density and 
strength. An additional factor must also be considered. Compaction on the dry 
side of optimum may be best 1~ith s·t~elling soils since the water taken up later 
will promote further swelling of the soil particles and work against the 
formation of cracks. 

The design requirement for compaction is commonly 95 percent of Standard 
Proctor in the construction industry. The available equipment, sheepsfoot 
rollers or rubber-tired rollers, can meet this standard with minimal 
difficulty. The design and operation plans developed by the facility owner or 
operator can be used to specify the number of passes needed over the soils to 
achieve the maximum desired compaction. This item provides the facility owner 
or operator flexibility in the methods used to achieve compaction and, at the 
same time, defines a specific performance goal to be met. This promotes 
consistent results in all cover construction so that baseline compaction needs 
are met. Fixed standards could make specialized equipment necessary. 

Subpart 7. Liner requirements. This subpart establishes the requirements 
for the design, construction, and operation of liner systems for .mixed municipal 
solid waste land disposal facilities. Liners are required for new facilities 
and any lateral expansions into previously unfilled areas at existing 
facilities. The major purpose of the liner is to minimize the migration of 
leachate out of the fill areas into the surrounding soils and ground water. 
There are many liner designs capable of meeting this purpose. The proposed 
requirements establish the minimum design standards needed to ensure that base 
level construction and performance requirements are met. The Agency believes 
that a blend of design and performance standards is most appropriate in 
developing liner system require~ents because it allows for innovative design 
proposals while ensuring minimum protection levels are maintained. These 
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standards are applicable to all facilities and are·flexible to allow 
site-specific design alternatives. 

This subpart provides for a time extension for installation of liners at 
existing land disposal facilities. The Commissioner may grant up to 18 months, 
from the effective date of the rules, for the facility owner or operator to 
install the liner. The Commissioner's decision will be based on evidence that·a 
liner is unnecessary based on subsurface geologic conditions, ground water and 
surface water flow patterns and quality, depth to ground 1~ater, distance to 
surface water, remaining site capacity, design and construction techniques to be 
used to mitigate leachate generation, and other site conditions. The Agency 
recognizes that a liner system may not be practical or reasonable in all 
situations at existing mixed municipal solid 1~aste land disposal faci'lities. 
For .instance, the environment might be better served if an existing facility 
with.little remaining capacity is designed and constructed with a final cover 
system that exceeds the minimum standards, rather than to have a small portion 
of the fill area lined. The costs and benefits of liners for short-term 
facilities must be compared to determine the appropriateness of granting the 
time extension for liner installation. 

In drafti.ng the proposed rules, the Agency considered the logistical problem 
of owners and operators of existing facilities to meet a liner requirement. It 
is reasonable to expect new facilities to address the need for liners as the 
feasibility study and final design are developed. However; existing facilities 

I 
were designed and constructed without consideration for liners and immediate 
compliance may be difficult. In discussing this issue with county officials and 
p~rmit holders before drafting any requirements, .the Agency was further 
convinced that some flexibility on implementation of liner requirements for 
existing. facilities must be included in the rules. There was no disagreement 
from the meeting participants that liners are needed at land disposal facilities 
to protect ground water and surface water from impacts due to leachate 
migration. 

The Agency believes that, although some flexibility is needed as to the 
timing of liner installation at existing facilities, this flexibility must have 
1 i mi ts. Therefore, the Agency proposes that the maxi mum de 1 ay for 1 i ner 
installation at existing facilities be 18 months. This period of time was 
developed based on the Agency's experience with the development, review, and 
approval of design plans and the coordination problems for construction of the 
liner. The Agency believes 18 months provide enough time for owners and 
operators to submit design plans to the Agency for review and approval while 
scheduling construction activities. Existing facilities must be redesigned in 
order to incorporate the liner into existing structures at the facility. Some 
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amount of time is needed for redesign after the rules are effective. Immediate 
compliance with the rules for all existing facilities is unreasonable. However, 
it is also unreasonable to allow existing facilities to operate five (until 
permit reissuance) or more years without the line~. Therefore, the Agency 
developed a reasonable alternative to these extremes. 

The Agency believes construction of the liner to be the largest single 
factor influencing the timing of implementing liners at existing facilities. 
Liners can not be installed during the winter months with any confidence .. 
Because soil liners require a particular amount of moisture to obtain good 
compaction, winter construction may require installers to handle frozen soil, 
which cannot be adequately compacted to achieve the necessary permeability. 
Synthetic membrane l·iners must be seamed using solvents or heat. Neither of 
these options are particularly suited to winter construction. The Agency 
believes 18 months is sufficient time for ovmers and operators to redesign the 
fill areas and schedule construction activities. To provide longer than 18 
months would present an unfair cost advantage to owners and operators requiring 
more time to install liners than to those constructing liners immediately after 
the rules are effective. Additionally, the Agency has as a matter of policy 
required liners in horizontal expansion areas for the past three years, so this 
is not a totally unexpected·development. 

As indicated earlier, the facility owner or operator must justify delaying 
the installation of liners. The justification must discuss actual site 
.conditions and remaining fill capacity. It is reasonable to require the 
facility 01~ner or operator to address the site con'ditions and the operation of a 
land disposal facility before granting an extension for the liner installation 
because of the potential risks associated with continued operation of unlined 
facilities. By establishing in rule the areas to be addressed for all extension 
requests, the Agency informs the facility owners and operators what issues are 
involved in the decision process so they may submit the necessary information 
with the request. The rule also informs possible opponents of an extension. 
The Agency's proposal relieves the obligation of immediate installation at all 
facilities without compromis_ing on protection for human health and the 
environment. 

A liner is not required for existing disposal areas at existing mixed 
municipal solid waste land disposal facilities that will be expanded vertically. 
HoHever, permission for a vertical expansion must be granted by the Commissioner 
and may be granted only if the facility owner or operator shows that the 
expansion will not increase the potential for harm to human health and the 
environment. The Agency believes will allow facility mmers and operators an 
opportunity for vertical expansions after the effective date of these rules. 
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Vertical expansions may be necessary to achieve better slopes or provide an 
alternative to early closure. The Agency will allow vertical expansions to be 
constructed without liners, provided evide~ce shows no increased impact on the 
environment will result. The overriding performance goal for the proposed solid 
waste rule~ is to minimize the impacts on human health and the ~nvironment du~ 
to the,migration of leachate or gas, sediment movement into surface waters from 
erosion, or nuisance and safety concerns. The Agency cannot allow vertical 
expansions of existing facilities designed and operated without these goals in 
mind. The Agency must consider the potential impacts of each action. 

In requesting a vertical expansion, the facility owner or operator must· 
submit to the Commissioner an engineering and hydrogeologic report containing a 
detailed analysis of the impact the proposed expansion would have on human 
health and the environment. The report must also contain the design and 
construction modifications used at the facility to minimize environmental 
impacts. The report must contain the results of a hydrogeologic evaluation 
completed in accordance 11ith subpart 3; a feasibility study on minimizing 
leachate generation, controlling leachate and gas migration, and treating ground 
water and surface water pollution; an evaluation of long-term monitoring needs; 
and an appropriate adjustment of financial instruments. 

Existing facilities have been constructed and operated without liners and 
leachate collection, resulting in polluted ground water. The Agency would not 
be acting responsibly if it allowed the vertical expansion of unlined land 
disposal facilities without considering the potential impacts on human health 
and the environment. Polluted ground water and surface water results when 
pollutants leach from solid waste and migrate out of the fill area. Potential 
impacts are best evaluated by understanding the hydrogeologic conditions of the 
site. Essentially, a risk assessment is needed 'for the facility. A risk 
assessment involves collecting data about facility and evaluating existing · 
impacts on human health and the environment, operating conditions, and methods 
to improve conditions at the facility. A risk assessment completed to determine 
the feasibi.lity of vertically expanding fill operations at an unlined facility 
must address the increased potential for detrimental impacts from the additional 
volume of waste placed on the unlined portion of the facility. The evaluation 
must consider the increase or decrease in leachate generation, the additional 
pollutant loading due to the waste, the operational practices used, 
hydrogeologic conditions, and the increased probability that corrective actions 
will be needed. This e~aluation includes methods that might be used to mitigate 
any increased risk from the vertical expansion. With this information, the 
Commissioner will decide on the acceptability of the proposed vertical 
expansion. The risk assessment will present the current impacts of a facility 
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on the surrounding area and the potential increase in impacts related to the 
vertical expansion. 

It is the Agency's position that liners and leachate collection systems are 
necessary to control the movement of pollutants into the surrounding soils. If 
facility owners or operators are allowed to vertically expand fill areas on 
unlined areas, it is critical to the protection of human health that other 
mitigative actions be evaluated and implemented, as necessary. It may be 
necessary to construct final cover systems with detailed drainage control 
systems to prevent moisture from infi1trating into the fil.l area; leachate 
collection areas in the side slopes to prevent leachate migration from toe 
seeps; a more comprehensive monitoring system for early detection of impacts; 
ground water pump-out systems; and increased funds set aside for postclosure 
care and corrective actions because of the increased probability that they will 
be needed. The Agency will expect the facility owner or operator to submit this 
analysis with the expansion request. Although a risk assessment can be 
expensive, the Agency expects the facility 01mer or operator to justify the 
expansion, especially in light of the savings from not having to install liners 
and leachate collection systems. 

For the areas to be lined at an existing land disposal facility, the 
facility m~ner or operator must consider the proximity to the existing unlined 
fill areas in the design and constructi'on plans. The lined portion must be 
separated from any existing fill area with low-permeabi1ity material to the 
extent practicable, be designed to collect any additional water movement from 
the old fi 11 area to the ne1J fi 11 area, and prevent movement of water from the 
new fill area to the old fill area. The purpose of a liner and leachate 
collection system is prevention of leachate movement out of the fill area into 
the surrounding soils and eventually to ground water. If movement from the 
lined areas to the unlined areas occurs, the reason for installing the liners is 
lost. Likewise, if the movement of moisture from the old fill area is not 
considered when designing the leachate collection system for the lined areas, 
the liner and leachate collection system will not be capable of properly 
managing the liquids. Therefore, it is necessary that designs for the new fill 
areas consider control of the flow of liquids between the existing fill areas 
and the newly constructed fill areas. 

The separation of existing fill areas from the newly lined area is not 
intended to be a complete separation by earthen fill or a liner in all cases. 
In some instances, the separation may be achieved by partially lining a portion 
of the connecting area between new and old fill areas with drainage pipes used 
to contra 1 1 i quid movement between the fi 11 areas. The fac i1 i ty owner or 
operator must incorporate the newly lined areas into the overall design of the 



I 

I 

DJ 
U~l iL; 
'i~, i"l 
ln·C; 
r: ::r· 
'"'"• .. ' 

i~l:: 
q:_ .. J 
._ •. J.t·"" 

t-.~~··:!: 

fn•'Ot 

co··· 
~rr· .. 
',ti.i. 
i;(:l 
Q:-,. 
'··!:J 

\*: 
t{0\ 
C\ 

February 23, 1988 

-434-

existing facility in order to maximize the site capacity while controlling risks 
associated with the facility. In some situations, it may be better to move the 
new fill areas away from existing fill areas in order to control impacts from 
each area. This would require using more area but gives the facility owner or 
operator more control in the evaluation of corrective actions needed and 
installation of monitoring systems. 

_Items A to N are performance and design standards governing the construction 
and operation of liner systems at mixed municipal solid waste land disposal' 
facilities. Defining these standards clearly in the rule ensures consistency in 
the design and construction of fill areas. By establishing minimum standards in 
rules applicable to all facilities, the Agency will ensure that a base level of 
performance will be achieved at all facilities. 

1 Item A requires the liner system in combination with the final cover system 
to a~hieve an overall site efficiency of 98.5 percent collection or rejection of 
precipitation falling on the disposal area. The liner system must minimize the 
amount of leachate leaving the fill site entering the soil and ground water 1 

system surrounding the site. 
If only a performance standard were used, the facility owner or operator 

could choose a design that would be most heavily relied upon to control leachate 
generation and migration. For instance one facility owner might choose to use· 
only the cover as the controlling mechanism while another might choose only the 
liner. In either case, a particular element of the design could receive less 
attention than the Agency feels necessary to protect the environment. The 
Agency believes there are several limitations in a risk-based performance 
approach. Two of the most important are highlighted here. First, this approach 
relies on predicted, unverified results using leachate quality, environmental 
transport, and health effects modeling. Little data currently exists to support 
an approach based solely on performance standards. In fact under the current 
solid waste rules, which provide no design standards, facilities have been 
unable ~o properly protect the environment. Existing monitoring results would 
tend to argue against performance standards. However, consideration must be 
given to the fact design technology has been·very poorly developed nationwide·,. 
until recent years. Second, this approach tends to· concentrate on ground water 
effects and ignore air or surface water effects: However, the performance-based 
approach does offer flexibility in design as new technological developments 
occur. Because of the flexibility offered with performance standards and the 
guidance they provide during the selection of facility designs, the Agency 
includes performance standards in rules governing the overall operation of the 
facility. 

As stated earlier, the overall goal of design and operation of the fill area 
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is minimization of leachate generation and migration. The performance standard 
for an overall site efficiency recognizes the impo~tance of the final cover 
system and the liner in leachate control. Using a g?od final cover design to 
minimize the amount of infiltration into the fill area makes the amount of 
leachate to be handled by the liner system less·. Because the cover system is 
highly susceptible to physical disturbances, such as heavy precipitation, wind, 
freeze-thaw cycles, animal intrusion, vegetative root penetration, and 
subsidence, maintenance is critical to its performance. The presence of a cover 
system does not guarantee that no leachate will be generated. For this reason, 
the Agency believes it is necessary to incorporate a liner into the facility 
performance standard. If the facility performance is based entirely on the final 
cover system, the ability of the system to perform at optimum levels may 
deteriorate with time because of the physical disturbances highlighted above 
leaving the environment at an unacceptable level of risk. Excluding the cover 
system and using the leachate control system to achieve performance, means a 
failure in the liner could result in major impacts on the environment due to the 
amount of leachate released from the facility. The design and construction of a 
cover system must be capable of minimizing infiltration into the fill area. 
Otherwise, the amount of leachate generated will be directly related to 
precipitation amounts. This would strain both the liner and leachate collection 
systemcapacity and the leachate treatment capacity. Until the final cover is 
applied, there would be no protection given to the environment, if no liner 
existed. 

The Agency has chosen to combine performance standards for the final cover 
system and liner system into an overall site efficiency to maximize the 
advantages of each system and minimize the disadvantages of each system. The 
Agency believes that an overall site efficiency standard will minimize the 
amount of leachate generated and released to the environment. A total 
containment system is nonexistent. Synthetic membrane liners must be seamed in 
the field and maneuvered into position. These activities. provide an avenue for 
leakage due to punctures and seam failures. Thus, man-made liners are not 
foolproof and have a tendency to permit the release of leachate to the 
environment. Recognizing that 100 percent containment of leachate is not a 
feasible alternative, the Agency believes a more reasonable approach combines 
efforts to minimize leachate generation and migration at sites. 

The specific performance standard of 98.5 percent was chosen based on its 
correlation with leachate control. The performance standard establishes a 
framework for designing the facility. Between the final cover system and the 
liner/leachate collection siste~. no more than 1.5 pircent of the amount of 
precipitation received each year may leave the facility as leachate migrating 
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through the liner. Table 4 shows that the proposed performance standard 
releases less than one-third the quantity as a 95 percent standard, one-seventh 
the quantity as a 90 percent standard, and only fifty percent more than a 99 
percent standard. The Agency believes the proposed standard provides a 
reasonable level of protection against the migration of leachate out of the fill 
area at a facility. The figures shown in Table 4 show the estimated quantity 
of leachate migration after the 20 acre site is closed. During the active 
filling period less leachate will be generated and released to the environment. 

While the efficiency standards proposed for the final cover system and the 
liner/leachate collection system are used as design controls. The overall site 
performance standard proposed in this time is used to control the amount of 
pollutants entering the ground water. The reasonableness of the final cover 
system was discussed under subpart 6. The reasonableness of the liner/leachate 
collection systems will be discussed in items B to N and subpart 9. The 
reasonableness of an overall facility performance standard will be discussed; 
now. 

TABLE 4 

Leachate Volumes Versus Site Efficiency 

Efficiency Standard Volume* Leachate Released 
Percent 

90 
95 
98.5 
99 

Inches/year 
3.0 
1.5 
0.45 
0.30 

ga 11 ons/year 
1,630,000 

815,000 
244,000 
163,000 

*Volumes calculated based on a 20 acre site and 30 inches of precipitation 
experienced each year. Volumes are calculated on facility completely closed. 

Volume = 
(gallons/year) 

Leakage rate (inches) x 1 foot x 43560 ft2 x 1 gallon x 20 acres 
year 12 inches 1 acre .1337 ft3 

The Agency believes the 98.5 percent site efficiency is attainable by 
adjusting facility design parameters. It provides protection against impacts on 
the environment caused by the large quantities of leachate migrating into ground 
water. The Agency did not propose 100-percent containment because it limits the 
use of natural soil liners. A total containment standard neglects important 
issues regarding location and hydrogeologic setting. The Agency believes it to 
be more practical to allow for site conditions and facility owner or operator 
risk management programs to provide levels of protection beyond the design 
standards necessary to ensure ground water and surface water standards are met. 
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The Agency believes the cost associated with 100 percent containment at land 
disposal ·facilities is not justified at all locations, e.g., in clay-rich soil 
environments or where there is considerable depth to ground water with no nearby 
users. 

The control of leachate migration is the main purpose for establishing 
performance standards for the design and construction of final cover systems and 
liner/leachate collection systems. The additional benefit of controlling the 
amount of leachate is that the amount of pollutants leaving the facility will 
also be limited. The Agency believes the proposed performance standard not only 
provides a reasonable control on leachate migration but also provides a 
reasonable control on the amount of pollutants released into the environment. 
The Agency believes the performance standard should provide protection of ground 
water flowing under the facility. This means that a facility designed and 
constructed to meet the performance standard should be capable of meeting the 
ground water standards and intervention limits. Therefore, the Agency proposes 
to show the correlation between the 98.5 percent efficiency standard, the ground 
water standards and limits. 

The Agency chose a conservative model to reflect the impact controlling of 
leachate has on the facility's ability to comply with the proposed ground water 
standards and intervention limits. The model assumes that all projected 
leachate leakage contains a particular concentration of pollutants. The 
pollutant concentration is only affected by dilution with ground water under the 
proposed model. No other factors are considered. Thus the model projects a 
worst case scenario. Figures 7a and 7b show a schematic of the land disposal 
facility/ground water system used as the basis for the model. The facility 
design details are presented in Table 5. The facility design is not a 
reflection of the proposed rules as modifications were needed to meet the 
performance standard. This is what the Agency expects to happen as the rules 
are implemented by facility owners and operators. If the proposed design 
standards fully met the performance standard, there would be no reason for a 
performance standard. The ground water flow model assumes the pollutants in the 
system are nonreactive and the aquifer is homogeneous. Homogeneous aquifer 
means that ground water flows in one pattern, uninfluenced by changes in soil 
texture. The model assumes mixing occurs to,some depth in the ground water 
system. For example, if no intermixing occurs, the concentration of the 
nonreactive pollutant in the water is the same as the value leaki~g from the 
fill area. If, on the other hand, it is assumed that some intermixing occurs, 
the pollutant concentration will be reduced. 
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Site Acreage 

Fi 11 Depth 

Cover Seed 

Top Layer 

Drainage 

Barrier 

Liner 

Drainage 

Barrier 

Slope 

Permeabi 1 i ty 

Drainage 

Barrier 
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TABLE 5 . 

FACILITY DESIGN PAR~~ETER 

20 acres 

40 feet 

Good Grass 

18 inches loam 

6 inches coarse sand 

24 inches clay 

12 inches coarse sand 

48 inches clay 

3 percent cover 
2 percent 1 i ner 

1 X lQ-3 em/SeC 

1 X lQ-8 em/sec 

.· . 1'• 

Febr.uary 23, 1988 
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The Agency believes a more conservative estima~e of the potential impacts of 
. . 

leachate on the ground water system is achieved using a simple model. The more 
complex models conside~ many factors that influenc~ the movement of leachate in 
the unsaturated and saturated zones beneath the fill area. Such factors include 
dispersion, retardance, and density. These factors when taken into 
consideration during the modeling of ground water flow would serve to decrease 
the impact leachate has on the ground water as the predicted mass of pollutants 
decreases. Utilizing a simple model in explaining how the control of leachate 
also controls the potential impacts from a facility more accurately.depicts the 
entire State. Because actual soil conditions vary around the State, a more 
complex model, which requi~es detailed characterization of subsurface 
conditions, could not reflect the potential impacts expected across the State. 
Whereas, the simple model using little site-specific data is more reflective of 
the State. 

The model proposed by the Agency to describe the movement of leachate out of 
the fill area into the ground water system consists of a number of assumptions 
depicting the leachate seeping out of the fill. These assumptions include the 
amount of leachate, the pollutant concentration in the leachate, th~ flow 
characteristics of the leachate and ground water, and the mixing regime for the 
system. These factors are used to evaluate the pollutant concentration at' a 
monitoring point 200 fe~t from the waste boundary (or at the compliance 
boundary) . The results of this mode 1 are then compared to the proposed 
standards for ground water quality. 

To calculate the pollutant concentration in a monitoring well at the 
compliance boundary, a linkage between the leachate generation and ground water 
pollutant transport model is necessary. The leachate generation figure was 
calculated on the entire facility after closure. This maximizes the amount of 
leachate released from the facility. The model also assumes no removal of 
pollutants occurs before faciiity closure to maximize the pollutant 
concentration in the leachate. In addition to leachate generation data, an 
estimate was made regarding the chemical composition of the leachate. The 
leachate chemical composition was derived from a report completed by the 
Wisconsin Department of Natural Resources, because little information is 
available from Minriesota mixed municipal solid waste land disposal facilities. 
See Exhibit XXXVI. The leachate values from this report and the proposed ground 
water standards are shown on Table 6. Considering this data, it is evident 
that the concentration of a number of parameters must be greatly reduced if the 
pollutant concentrations at the compliance boundary are to meet ground water 
standards. The table also contains the pollutant concentration at the 
compliance boundary as obtained from the model. 
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During the life of a facility, leachate concentrations vary with time. 
Previous studies have shown that concentrations increase rapidly, level off, and 
then decline. See Exhibit XXXVI. For the purposes of this model, it was 
assumed that the pollutant concentration levels had leveled off and equaled the 
median value repor-ted by the Wisconsin Department of Natural Resources. In 
order to operate the model, the principle of flow in equals flow out and the 
conservation of mass was applied to calculate the mass balance for the 
leachate-ground water flow system. 

The hydraulic conductivity was chosen for a silty sand environment (0.30 
feet per day). The ·hydraulic gradient was chosen to be .006 feet per foot for 
use in the model calculations. The amount of leachate seeping out of the 
landfill was found to be 10,200 cubic feet per year based on the design 
parameters listed in Table 5. The amount of leakage was calculated based on the 
design parameters listed in Table 5, using the HELP model developed by the 
United States Corps of Engineers. See Exhibits XXXIV and XXXV. It was further 
assumed that complete mixing occurred in the distance traveled based on the 
hydraulic gradient and hydraulic conductivity and that the incoming leachate 
flow 1vas at steady state. The analysis then estimated the concentration of each 
substance at the compliance boundary. These results were then compared to the 
standards applied at the compliance boundary. 
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TABLE 6 

LEACHATE POLLUTANT CONCENTRATIONS 

Median Ambient Predicted 
Leachate Ground Rule Monitoring 
Analysis Water Standards Results 

Parameters m9/l ~ mg/1 m9/l 

TDS 25873 N/A N/A 
Specific Conductance 15485 650 7400 
TSS 2835 N/A N/A 
BOD 29200 1.14 13200 
COD 50450 12.78 22900 
TOC 5890 2.66 2700 
pH 7.2 2.29 7.25 
TOTAL ALKALINITY 6845 26.4 3300 
HARDNESS 9380 306 4400 
CHLORIDE 2651 20.67 1200 
CALCIUM 2100 193.96 1100 
SODIUM 1630 26.39 760 
TOTAL NITROGEN 1470 ' 0. 73 670 
IRON 1400 1.55 640 . 
POTASSIUM 1375 3 630 
MAGNESIU~1 780 113.89 420 
~1MONIA NITROGEN 557 N/A N/A 
SULFATE 500 94.19 280 
ALUMINUM 85 N/A N/A 
ZINC 54 0.119 25 
MANGANESE 25.9 0.212 12 
TOTAL PHOSPHORUS 117 0.128 53 
BORON 12.3 0.378 6 
BARIUM 5 0.092 0.375 2 
NICKEL 1.65 0.004 0.038 0.75 
NIT RATE-NITROGEN 1.4 4.3 2.500 3 
LEAD 1.11 0.009 -0.005 0.51 
CHROMIUM 1 0. 003 - 0.030 0.46 
ANTIMONY 0.56 N/A N/A 
COPPER 0.32 0.021 0.325 0.16 
THALLIUM 0.31 N/A N/A 
CYANIDE 0.25 0.001 0.11 
ARSENIC 0.225 .009 0.0125 0.11 
MOLYBDEUM 0.193 N/A N/A 
TIN 0.16 N/A N/A 
NITRITE-NITROGEN 0.11 0.071 0.25 0.09 
SELENIUM 0.09 0.003 0.011 0.04 
CADMIUM 0.07 0.0002 0.00125 0.032 
SILVER 0.024 0.00013 0.011 
BERYLLIUM 0.008 N/A N/A 
MERCURY 0.001 0.0004 0.00075 0.0007 
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i··;:l"';:• Leachate Ground Rule Monitoring 
,i:: Analysis Water Standards Results 
c;·i ... ~: mg/1 mg/1 m9/l m9/l 

~~ '; Parameters 
:~.:~,; METHYLENE CHLORIDE .8075 0.0018 0.012 0.36 

DICHLOROETHYLENE (1, 2-TRANS) .025 N/A 0.017 N/A 
!)~;; TRICHLOROETHYLENE ND 0.006 0.0078 N/A 
~:··~~ .. ..: TETRACHLOROETHYLENE ND N/A 0.0017 N/A 
:: .. :· ·.,_ TRICHLOROETHANE (1,1,1-) ND 0.0002 0.050 N/A 

j'_'l DICHLOROPROPANE (1,2-) ND N/A 0.0015 N/A :··~~\ CHLOROFORM ND 0.006 0.0013 N/A 
;::~~;\ TRICHLOROETHANE (1,1,2-) ND 0.003 0.0015 N/A 
,'' t~.::~ OICHLOROETHANE (1,2-) ND 0.0004 0.00095 N/A · .... 

i I 
VINYL CHLORIDE ND N/A 0.000037 N/A 
TETRACHLOROETHANE (1,1,2,2-) ND N/A 0.00044 N/A 
TOLUENE .420 0.0006 0.5 0.19 
BENZENE .046 0.0006 0.003 0.021 
ETHYLBEN ZENE .007 0.0006 0.170 0.004 
DICHLOROBENZENE (1,4-) ND N/A 0.0188 N/A 
CHLOROBEN ZENE NO N/A 0.015 N/A 
DICHLOROBENZENE (1,2-) NO N/A 0.155 N/A 
PENTACHLOROPHENOL ND N/A 0.055 N/A 

ND = Not Detectable 
N/A =Not Available 
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The following discussion addresses how the predicted results were obta.ined. 
The ground water flow volume was determined as a function of the mixing depth. 
The mixing depth was assumed to be 25 feet. The width of the facility was 
considered to be 1000 feet in determining the ground water flow. Thus, the 
ground water volume ~1as determined by the following equation. 

Q = - ( W x MD) ( S) ( HC) 

where: 

Q = volume of ground water per day 
w = width of facility waste boundary 

MD = mixing depth in ground water 
s = slope of ground water surface 

HC = hydrau 1 i c conductivity of the aquifer 

The above equation is based on the transport of nonreactive pollutants in 
ground water. Reference 71. The equation determines the volume of ground water 
that the leachate leaking from a land disposal facility will enter. The extent 
of lateral spreading was neglected and the mixing depth, hydraulic conductivity, 
and slope of the aquifer were used to calculate the mixing volume of!ground 
water. It is assumed that once a pollutant enters this mixing volume no 
increase or decrease in concentration results before it reaches the compliance 
boundary. It is reasonable to assume no change in concentration because the 
proposed rules establish detection monitoring between the waste boundary and the 
compliance boundary. The detection monitoring encounters the first wave of 
pollutants to indicate changes in ground water quality due to the facility. 

After calculating the volume of ground water that will be mixed with 
leachate leaking from the fill area, it is necessary to calculate the 
concentration of pollutants expected in the ground water after mixing. The 
calculation determines the mass balance between the pollutants entering the 
ground 1~ater system, the pollutants already in the ground water system and the 
pollutants leaving the ground water system. This calculation is made when the 
system is at steady state conditions (no change in concentration). For the 
purposes of this discussion, no pollutants are removed from the ground water 
system. The appropriate steady state mass balance is: 
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Nm (Qg + 01) = Og Ng + 01 N1 

where: 

Nm = maximum concentration of pollutant in monitoring well 
Og = flow of ground water 
01 = flow of leachate 
Ng = concentration of pollutant in ground 1~ater 

Nl = concentration of pollutant in leachate 

The results from the model runs indicated that a simple dilution could 
provide compliance with the ground water standards for some parameters. In 
reviewing the dat? results presented in Table 6, it must be noted that 
comp 1 i ance occurred mainly when the pollutant was at or be 1 ov1 the standard. 
However, in some cases the existing ground water quality contributed a higher 
pollutant concentration 'than did the leachate. Additionally, it must be 
recognized that the situation represented by the mode 1 is the most serious 
anticipated as no consideration was given to the other influences on pollutant 
concentrations at the point of monitoring. 

If mixing were the only influence on pollu'tant concentration in the ground 
water, the conclusion reached from reviewing this data would be the need for 
total containment of leachate or a change in location standards to ensure land 
disposal facilities are located in areas of high hydraulic conductivity 
characteristics and high gradients to encourage mixing of leachate and ground 
water to greater depths. This would increase the amount of dilution 
experienced. In reality more factors, as discussed earlier, play an important 
role in evaluating the potential for a site to comply with the ground water 
standards proposed in this rulemaking. 

Recognizing that other factors are involved in the assessment of a 
particular site's potential to cause ground water quality violations, a short 
discussion on these factors is necessary. The influence of these factors is 
highly site-specific. That is the reason they were not included in the model 
used to determine the impact of the 98.5 percent efficiency standard. As the 
model shows, mixing may or may not dilute the concentration of pollutants in the 
leachate to acceptable levels. The Agency believes that the other factors 
involved in the transport of pollutants in ground water provide natural 
treatment mechanisms that will decrease the potential for detrimental 
environmental impacts. 

One such treatment factor is adsorption. Adsorption is a physical-chemical 
process by which molecules are concentrated at the interface between solids and 
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liquids. This means the pollutants in a leachate are concentrated on the 
surface of soil particles. The adsorption process is affected by the properties 
of the pollutant and the surrounding soil particl~s.. Important soil 
characteristics include the chemical composition of the mineral and organic 
fractions of the soil, the type of chemical bonds it will form, and the 
temperature and pH of the soil. The pollutant characteristics of interest are 
the solubility, and affinity of the pollutant for the soil particles. For 
instance, clay particles and metal cations have a strong mutual attraction. 
This attraction extracts the metals from the leachate as the fluid moves through 
the soil. It is expected that metals such as lead, mercury, and cadmium, in all 
likelihood, ~lill be retained in the clay liner. References 72, 73, 74, 75, 76 
and 77. Ho~1ever, if the metal ions do pass through the liner, the"locational 
standards for siting land disposal facilities encourage clay soils below the 
fi·ll area. These low permeability soils provide extra assurances that the metal 
pollutants of leachate will be adsorbed before reaching the compliance boundary. 
Positively charged organic compounds 1vill also be tightly bound to clay soils. 
Thus, even though the model indicates that dilution i~ not sufficient to ensure 
compliance with standards, the Agency believes the combination of dilution and 
adsorption will ensure compliance. The amount of pollutant uptake through 
adsorption is limited by the type of soil present. Therefore, it is important 
to limit the amount of leachate moving out of the fill area and the reason a 
performance standard is necessary. The proposed standard of 98.5 percent 
reasonably minimizes .the amount of leachate migrating from the fill area while 
recognizing construction limitations. 

The model used to evaluate the facility efficiency standard assumed all 
pollutants moved at the same velocity in the ground 1vater system. In reality, 
this would not occur. Rather dispersion would control the movement of 
pollutants. Dispersion is a physical process where a liquid moves through a 
porous medium at different velocities. The velocity depends on density and 
viscosity gradients, and the variation in pore sizes available to conduct the 
liquid. Dispersion spreads the pollutants in the soil thereby reducing the 
concentration at a given point over time and it puts the pollutants in contact 
with more soil particles providing adsorption points. Dispersion may cause 
relatively 1011 levels of contaminants to arrive at the compliance boundary in 
advance of the center of mass projected by the model used here. lhis would 
permit earlier detection of impacts than would occur under the conservative 
model used in this discussion. Actions can then be employed prior to the major 
flux of po 11 utants reaching the comp 1,: i ance boundary. 

An important factor governing the transport of organic pollutants is 
degradation. Solvent degradation during the movement of a leachate is based on 
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the effects of hydrolysis and biodegradation. Hydrolytic reactions are chemical 
reactions in which solvents react with water to form weak acids or bases. The 
weak acids and bases are neutralized by reactions with sulfate and carbonations 
naturally occurring in soils. Biodegradation is a biochemical process whereby 
microorganisms break down the organic solvents found in leachate into other 
smaller compounds. The smaller compounds will be similar to naturally-occuring 
organic co~pounds resulting from decomposition of materials in the environment. 
The slow migration of leachate through the lo~1 permeability soils required by 
the proposed design and location standards permit microorganisms to biodegrade 
some of the organics present. Not all organics are biodegraded because of the 
inability of the·microorganisms to attack them. 

The combined effects of these factors, along with several others, gives a 
site its attenuation capacity. When evaluating a particular site, it is 
important that these site-specific characteristics be considered. The model 
does show that dilution cannot be relied upon· entirely to ensure compliance with 
ground 1~ater standards. This is why the Agency believes it is important to site 
land disposal facilities where the potential for impacts is small 
(low-permeability soils, deep aquifers, 1011 population areas), collect as much 
leachate as is reasonable, and control the amount and types of solid waste land 
disposed. This is the reason for combining design and performance standards in 
the proposed rules. The combination of standards ensures no particular area is 
overlooked in evaluating the effectiveness of management system. 

Papers written by Mr. Fred Doran, et al. (Reference 78) and Mr. W. R. Roy, 
et al. (Reference 79) have discussed the potential uses of ground water modeling 
in evaluating ground water impacts from proposed land disposal facilities. Both 
papers concluded that site-specific characteristics are needed to determine the 
compliance potential for facilities. The papers also concluded that good design 
parameters are essential, since they control the amount of pollutants in 
leachate leaking to the ground water system. The use of siting criteria, design 
and waste controls are all important in ensuring minimal impacts of land 
disposal facilities on the environment. 

Complete containment of leachate within the fill area is not possible with 
soil liners. To require complete containment, the Agency would place 
unnecessary cost burdens on facility owners and operators, who have sited their 
facility in low-permeability soils a1~ay from population areas. Complete 
containment prqvides little incentive for facility owners and operators to 
carefully consider facility location or other Hsk management controls. 
However, some minimum standard is necessary to. ensure site conditions are not 
the sole factor in determining potential risks. • The Agency believes the 
proposed performance standard of 98.5 percent efficiency provides a reasonable 
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control on leachate migrating from a facility and permits site conditions to be 
factored into the ability of a facility to meet ground \'later standards. 

Item B requires the liner system to be compatible with the solid waste 
placed in the facility and the leachate generated. Mixed municipal solid 1'/aste 
and the substances leached from it are not inert. Constituents of the leachate 
can ~ffect liners in different ways, depending on their concentrations in the 
leachate and on the specific liner materials. Furthermore, the effects of the 
constituents can be synergistic and can vary l'lith time as the concentrations 
chahge with time. For these reasons, it is important that the liner and l'laste 
materials be compatible. 

Because soil permeability is the essential property considered in the case 
of soil liners, any alterations of a soil due to the presence of a 
waste-leachate must be identified. Leachate depends on the composition of the 
waste and may be aqueous-organic, aqueous-inorganic, or organic. Water is 
normally viewed as the fluid in leachate. In the case of clay liners in direct 
contact with concentrated organic fluids, the clay minerals have little 
adsorption capabilities. However~ rarely are concentrated organic fluids in 
direct contact with the clay liner. The organics are contained in the leachate 
at low concentrations. The viscosity and dipole moments of the organics are 
affected by clay minerals. This can affect the mobility of the organics within 
the clay liner. Depending on the organic substance under consideration, the 
soil permeability may increase or decrease. The alteration in permeability will 
also be dependent on the organic substance's concentration in the leachate. See 
Exhibit XXXVII. 

Water is a unique solvent and is particularly sensitive to the substances 
dissolved in it. Because of this, a clayey soil liner may shrink, swell, heave, 
or crack. Water may also increase the hydraulic gradient that moves fluids in 
soil. The most important impacts induced by inorganics in a soil-l'later phase 
are flocculation, dissolution, or swelling and cracking, .all critical factors on 
liner performance. Thus, it is essential for the facility owner or operator to 
consider impacts of leachate on soil liners and then design and operate the 
facility in a manner that minimizes the impact. Synthetic membranes can also be 
adversely impacted by their contact with leachate. Tests are available to 
evaluate the compatibility of the synthetic membrane with the l~achate. Further 
discussions on the impact of leachates on soil and synthetic membrane liners are 
available in the publ;'cation, "Lining of Waste Impoundment and Disposal 
Facilities," issued by the EPA. See Exhibit XXXVIII. 

The proposed requirements for liner compatibility compel a minimum level of 
environmental protection. The requirements also provide facility owners and 
operators flexibility in selecting the design and construction of the liner at a 
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land disposal facility. 
Item C requires the liner be of a quality that will maintain its integrity 

through the operating life of the facility and the postclosure care period. The 
liner is a critical design component of a land disposal facility for containing 
leachate and minimizing impacts on ground water, surface water, and the 
surrounding area. Additionally, the liner is one of the most costly components 
of the disposal facility. If the liner does not function as designed, 
cons i derab 1 e cost can be incurred by facility 01~ners and operators for 
correcting polluted areas and money will have been lost due to a bad investment. 
It is reasonable to require that the liner be designed and constructed of 
materials capable of maintaining proper performance levels through the site. 
operations and postclosure care period. By requiring this level of performance, 
the Agency assures site users and the public specific protection and facility 
owners and operators of a reasonable return on their investment. 

Item D contains the basic requirements for the components of the liner 
system. The liner system must consist of at least three components - a subgrade 
base, a barrier liner, and a drainage layer. These components along with the 
leachate collection system are necessary to achieve efficient collection of the 
leachate generated in the fill area. Reference 80. 

Subitem (1) describes the condition to be achieved in the subgrade prior to 
placement of the barrier liner. The condition of the subgrade is critical to 
barrier liner performance in that it provides a firm and unyielding support for 
the barrier liner material. The proposed subitem requires the subgrade to be 
smooth with all abrasive objects, organic matter and vegetation removed. The 
subgrade must also be regraded to conform with the pr9posed slope of the barrier 
liner. The subgrade includes all excavated soil, engineered fill, and trench 
backfill. In most liner system installations, the more regular the subgrade 
base:is, the easier and more reliable the installation will be. A rough 
subgrade or irregular-shaped configuration will increase the potential for . 
punctures or tears in synthetic membranes and create unnecessary difficulties in 
placing and compacting soil-based liners. This·subitem reasonably provides .. 
safeguards for the installations of liners in order to preserve the barrier 
liner's performance efficiency. ,, 

Subitem (2) establishes a general pe~formance standard for the barrier 
liner. The barrier liner is to be designed and constructed in a manner that 
will ensure its ability to contain leachate and any surface water coming in 
contact with the 1~aste. The barrier liner is the last facility design feature 
capable of protecting ground water from pollutants. It is reasonable, 
therefore, to provide a gen~ral performance standard to evaluate the 
effectiveness of this design feature. 
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Subitem (3) requires the drainage l~yer above the barrier to rapidly 
convey surface water and leachate from the fill area and to protect the 
barrier liner from punctures or other disruptions that impair the barrier 
liner's integrity. If the drainage layer does not effectively move liquids off' 
the. barrier liner, the liquid build-up on the barrier liner will force the 
leachate in a downward vertical direction through the barrier liner into the 
surroundig soils. This increases the potential·for ground water degradation and . 
violations of performance standards. For this reason, the drainage layer must 
be capable of encouraging horizontal flow to collection points in the facility. 
By including this performance standard in the proposed rules, the Agency 
requires facility owners and operators to consider using coarse sands and gravel 
as the drainage layer and avoid silts or peaty soils. The collection efficiency 
of a liner system is heavily controlled by the horizontal versus vertical flow 
regime within the fill area. The more the horizontal flow component of leachate 
in the fill exceeds the vertical component, the greater the amount of·leachate 
collected. 

Item E establishes the minimum design thicknesses required for the barrier 
liner and drainage layer. A barrier layer constructed of natural soils must be 
at least four feet thick. A synthetic membrane used as the barrier 1 iner must 
be at least 60/1000 of an inch thick if it is unreinforced and at least 
30/1000 of an inch thick if it is reinforced. Reinforced membranes have fabric 
weaved into the membrane to add strength. This reduces the potential for 
punctures and stress fractures. A synthetic membrane must be placed over a 
natural soil barrier liner of at least two feet. The drainage layer must 
consist of at least 12 inches of suitable soil material or an equivalent 
synthetic material. The barrier liner is designed and constructed to impede the 
flow of leachate out of the fill area into the surrounding subsurface 
environment. Without some minimum design standards, the barrier liner may be 
designed and constructed without ample protection for the integrity of the 
system and the environment. The specific design standards included in this item 
will be discussed in greater detail .in the following paragraphs. 

A soil barrier liner is constructed of numerous layers compacted to achieve 
the final desired thickness. Construction techniques, though capable of 
achieving the necessary permeabilities, cannot be completely relied upon to meet 
performance standards uniformly across the barrier liner. Permeability depends 
on the amount of compaction achieved. Compaction is achieved by moving over the 
soil with appropriate equipment. During this process, each pass must overlap to 
ensure equal compaction at all portions of the liner. Since it is cost
prohibitive to analyze each foot of the barrier liner for permeability and 
because a testing program of this magnitude would decrease the overall barrier 
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liner permeability, some safety factor must be built into the system. This is 
part of the reason for a minimum design and construction standard of four feet 
for natural soil-based liners. However, the more important reason for the 
minimum standard of four feet is the control of leachate. 

The physical laws governing liquid moving downward through a soil barrier 
liner include hydraulic head, caused by gravitational forces, and capillary 
forces drawing liquid into the soil. The smaller the pore radius between soil 
particles the larger the capillary forces. Thus, soils with high clay content 
will have very small micropores and very large capillary forces. Because of the 
variety of different grain sizes in soils, there will be many different sizes of 
mi cropores affecting the capi 11 ary forces. As the sma 11 er mi cropores are fi 11 ed 
during periods of high soil moisture, the capillary forces tend to form in 
larger pores. The larger the pores these capillary forces are forming in, the 
lower the attraction force. Thus, the higher the moisture content of the soil, 
the lower the capillary force. Moreover, when the soil becomes very dry the 
capi 11 ary forces become so great that they. override the gravitational forces. 

Four feet of soil material is the minimum design requirement for barrier 
liner design and construction because of other environmental conditions that can 
impact the performance of the liner system. These conditions include 
freeze-thaw effects, cracking, erosion and swelling. By using a four-foot 
thickness in designing and constructing barrier liners, the impacts from these 
environmental conditions will be lessened. One season's effect on the barrier 
liner will not destroy the entire barrier liner except under very unusual 
circumstances. It is the Agency's belief that if unnoticeable impacts (small 
cracks, upheave 1 s, etc. l occur, the barrier liner will remain intact. Pro vi ding 
for a barrier liner thickness capable of maintaining the integrity of its 
function during times of environmental impacts decreases the risks associated 
with the operation of land disposal facilities. Reference 80. 

As previously mentioned, the main functions of a barrier liner are impeding 
leachate movement out of the fill area and attenuating of pollutants. The 
importance of the soil attenuation mechanisms has been discussed under item A of 
this subpart. The importance of leachate control will be addressed at this 
point. There are analytical models available to determine the collection 
efficiency of a liner design. Two of the more prominent models are the Wong 
model developed by Mr. J. Wong in 1977 and the HELP model developed by the 
United States Corps of Engineers. See Exhibits XXXIV and XXXV. In 1981, 
Mr. Peter Kmet, et al., presented a--;Mper at the Fourth Annual Madison 
Conference of Applied Research and Practices on Municipal and Industrial Waste 
analyzing the design parameters affecting the efficiency of clay liners. See 
Appendix XIV. The paper used. the Wong model in evaluating the design parameters 
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affecting collection efficiency. For the. purposes of discussion on the barrier 
liner thickriess, the graphic illustrations on the following pages should be 
consulted. These figures were reproduced from the paper presented by Mr. Kmet, 
et al., and are used to illustrate the importance of the barrier liner's depth 
compared to hydraulic conductivity, slope, and the flow distance to collection 
pipes. 

As one would expect, as the liner thickness increases, the percent leakage 
decreases. Liner thicknesses less than two feet generally results in a sharp 
increase in leakage. As the liner thickness is increased to four feet there is 
a correspondingly large reduction in leakage. Thicknesses from four to six feet 
produce diminishing returns in increased efficiency. Substantially greater 
thicknesses result in only a minor reduction in leakage. Two models will be 
discussed in greater detail under item J, although highlighted throughout this 
subpart. This analysis clearly shows the reasonableness of a four-foot depth 
requirement. The requirement provides flexibility for facility 01mers and 
operators in their design efforts while providing assurances that a base level 
of efficiency will be achieved. 

Synthetic membranes are susceptible to ultraviolet light destruction, 
chemical attacks, punctures, swelling and other factors that could severely 
impact their ability to r.1eet performance standards. Therefore, it is necessary 
to ensure that the synthetic membranes used in lining land disposal facilities 
are of suitable quality and construction to resist both chemical and physical 
attacks. The minimum standards of 60/1000 of an inch unreinforced and 30/1000 
of an inch reinforced synthetic material were established to provide the 
protection needed a~ land disposal facilities. The strength of synthetic 
membranes is based on the polymers used in the membrane and the manufacturing 
process followed. The elastomizers and polymers used to manufacture the 
membrane can be highly susceptible to chemical attack or breakdown due to age 
weakening the polymeric bond or stiffening the membrane inducing cracking .. The 
standards proposed in this item are reasonable because they are readily 
available and meet the standards established by the synthetic membrane 
manufacturers as reported in the'National Sanitation Foundation's Standards book 
Reference 70. 

The thickness standards established for the synthetic membranes are based on 
the need for strength and protection against punctures. The difference in 

·thickness requirements for reinforced and unreinforced membrane (Reference 81) 
are based on their strength equivalencies. See Exhibit XXXVIII. The strength 
properties represented by these thicknesses are the minimum needed to resist the 
stresses placed on the membrane during installation and during filling. 
Requiring the minimum thickness ensures that suitable protection is achieved yet 
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allows flexibility in the exact design and construction needs of facility owners 
and operators based on their risk management program. 
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Graph 1 
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Graph 1 
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T~IO feet of a natura 1-soil barrier 1 i ner is required as a backup to a 11 
synthetic membrane 1 i ners. Synthetic membranes are a cost-effective choice for . ' . . 
barrier liners only when sufficient amounts of clay soil are not present on site 
or nearby. Since clay has the best attenuation capacity of all soils, little 
natural protectio~ will be available to treat any leachate migrating through the 
synthetic membrane. Thus, the addition of a soil-based barrier liner under the 
membrane assures ·Some treatment of the leachate. Two feet is the minimum 
thickness needed to ensure'collection efficiency and permeability standards are 
met. 

As indicated earlier, ~h!'! depth of the drainage layer is 12 inches. The 
drainage layer serves two functions. The first and most important function is 
enhancement of horizontal flow of leachate generated in the fill area. The 
second function is protection of the barrier liner from disruption due to the 
placement of waste· or driving.on the barrier liner. Twelve inches was chosen as 
the design standard for the drainage layer because it is the minimum thickness 
needed to control t~e maximum head permitted on a barrier liner. If the 
drainage layer is to adequately encourage. horizontal flow of leachate to 
collection pipes, the leachate must be contained within the drainage layer. 
Because of the efficiency standards proposed in this subpart, it is necessary to 
have a collection system capable of maintaining the leachate head at or below 12 
inches to maximize horizontal flow versus vert1cal flow. The following graphic 
illustration shows the effe~t of leachate head on the collection efficiency. 
Thus, establishing a thickness for the drainage layer that is capable of 
containing the maximum head permitted achieves optimum collection efficiency. 
Additionally, .it is important to protect the barrier liner from direct conta~t 
with the waste or with equipment working in the fill area. The thickne~s 

. . 

requirement ensures that some protection is provided for the integrity of the 
barrier liner. 
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Graph 2 · 
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A factor often overlooked in selecting and designing a drainage layer is the 
filtering effect the drainage layer has on leachate flowing through it. A 
drainage layer will filter settleable solids out of the leachate as the leachate 
moves through the layer to the collection system. By having at least 12 inches 
of drainage material over the barrier liner, the filtering ability of the 
drainage blanket will not decrease its drainage efficiency: Including the 
12-inch standard for the drainage blanket provides horizontal flow control of 
leachate movement, protects the barrier liner, ~nd serves as a filter medium for ·"' 
the leachate. Reference 78. 

Item F establishes the permeability requirements for the barrier liner and 
drainage layer. The barrier liner must have a permeability no greater than 1 x 
10-7 centimeters per second and the drainage layer no less than. 1 x lQ-3 
centimeters per second. These permeabilities are proposed in this item to 
establish a specified difference in permeability between the barrier 1 i ner and 
the drainage layer. The efficiency of a barrier liner is dependent on its 
ability to impede the downward movement of leachate. By creating a significant 
change in permeabilities between the barrier liner and the drainage liner, 
horizontal flow over the surface of the barrier liner is maximized. Liquids 
will follow the path of least resistance. If it is easier for liquids to flow 
through tf1e drainage layer because of increased pore size, leachate will move 
through this layer rather than vertically through the barrier liner. As the 
difference in the permeabilities increases the collection efficiency increases. 
The permeability ratio represented by the standards proposed in this item 
results in an efficiency ratio of only 25 percent leakage. Because many factors 
go into the ultimate design for the liner, the Agency believes minimum design 
standards contra ll i ng the permeability for the barrier liner and drainage layer 
are reason~ble. The performance standards will achieve the more restrictive 
efficiency standard needed to minimize the release of pollutants. This gives 
facility owners and operators flexibility in altering the design to achieve the 
required facility performance standard. 

Item G requires the base of the liner to be graded to a slope between 2 and 
10 percent with side slopes no greater than 25 percent. The slope of the liner 
improves the performance of the barrier liner and leachate collection system. 
By increasing the slope, a facility owner or operator may increase the 
efficiency of the leachate collection system. Although the slope is not the 
most sensitive factor in controlling the per~ormance of a liner system, it is 
important that some control must be considered in the design of the barrier 
liner. The slopes proposed in this item will control the rate of leachate flow 
in the fill area 1~hile providing flexibility in the design to meet the facility 
owners' and operators' needs regarding site-specific conditions. The maximum 
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slope of 25 percent on the side slopes has been established to minimize the 
erosion potential of the drainage layer during precipitation. Additionally, the 
slumping slope of sand is _28 percent. This means that slopes greater than this 
will cause sliding of most sands under normal stress conditions. Therefore, the 
design requirement provides some assurance that the barrier liner will be 
protected by the drainage layer while encouraging control on the liner 
efficiency. This item provides a set of design criteria that ensures the basic 
performance by the liner system without undue restriction of the facility 
owners' and operators' design and risk management options. 

Item H requires the barrier liner to be constructed in compacted layers of 8 
inches or less. Compaction of the barrier liner must be determined based on 
specific soil conditions. However, standard construction procedures dictate 
that thin layers of loose soil be compacted near the optimum moisture content to 
achieve maximum compaction. Normal recommended depths of the loose lift are 
between 6 and 12 inches, dependent on the type of equipment available for 
compacting the material. By establishing a minimum standard of 8 inches, the 
Agency permits facility o1mers and operators to achieve compaction needs without 
the expense of buying or renting special equipment. The compaction achieved by 
passing equipment over the lifts and comparing this to permeabilities 
established by practice runs determines construction quality control measures. 
By compacting the barrier liner in thin lifts and following proper quality 
control measures, the facility owner or operator will be able to meet the design 
standards proposed in item F. The proposed standard imposes no undue burden on 
facility owners and operators while ensuring good compaction. 

Item I requires the drainage layer to be placed over the entire barrier 
liner including the side slopes. The drainage layer functions not only as a 
means of leachate transport to the collection system, but also serves as a 
protection material for the barrier liner. The drainage layer prevents 
equipment used in the fill area from coming into direct contact with the barrier 
liner, disrupting the integrity of the barrier liner. The drainage layer also 
prevent desiccation of the barrier liner. In the situation where a synthetic 
mer;,brane is used, the drainage layer protects the membrane from attack by 
ultraviolet light and cold_weather conditions that break down the polymers that 
give- strength to the membrane. Requiring that the drainage layer be placed over 
the entire barrier liner ensure~ physical protection and good drainage over the 
entire fill area. 

Item J establishes a performance standard for the design and construction of 
the barrier liner. This standard is used in conjunction with the final cover 
performance standard and the overall site efficiency standard to minimize the 
potential for leachate migration out of the fill_area into the surrounding area. 
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The efficiency standard for the barrier liner is 95 percent of the precipitation 
falling on the fill area. This standard establishes a leachate leakage rate 
from the barrier liner during the active operating time of the fill area. The 
efficiency standard proposed in this item establishes the minimum conditions a 
land disposal facility design must meet. The standard also allm1s ample 
flexibility in how the performance standard is met or exceeded. By establishing 
this performance standard, the Agency informs facility owners and operators what 
level of protection the Agency expects to be achieved by facility designs. The 
facility 01~ner or operator is then responsible for assessing the risk associated 
with a particular site, facility operation, or facility design and incorporating 
the final barrier liner design into the facility risk management program .. The 
proposed performance standard provides a reasonable approach for controlling 
leachate migration out of a fill area and guiding the facility owners and 
operators to acceptable designs. 

Along with the proposed performance standard, this item contains the design 
components that must be considered during the efficiency calculation for the 
barrier liner. These components include the barrier liner thickness, side and 
base slopes, saturated hydraulic conductivity of the barrier liner and.drainage 
layer, drainage layer thickness, porosity of the drainage layer, flow distance 
to collection pipes, and the amount of leachate to be generated and.collected 
based on annual precipitation and ground water inflow. The design components 
listed are those most critical to determining the efficiency of a liner system. 
No one specific efficiency model is proposed to be required for use by facility 
owners and operators because more than one model exists and new or improved 
models may be developed in the future. By listing the design components that 
must be addressed in the efficiency calculation, the Agency ensures that 
consistent evaluations are made both by the facility owners and operators and by 
Agency staff. It is important that sufficient information be supplied by the 
facility ovmer or operator to the Agency for revie1v and approval of a particular 
design. Additionally, facility owners and operators need to understand what is 
expected of them in order to comply with the proposed rules and minimize risks 
associated 1~ith a facility through good design and operation. This provision 
establishes a reasonable standard for obtaining detailed consideration of the 
critical elements of a barrier liner design while allowing flexibility in the 
use of these elements in the design. By including these elements in rule, the 
Agency has not increased the burden on facility owners and operators, yet has 
provided the basis for consistency between the design and approval processes. 

Item K allows for alternative designs for liner systems upon approval by the 
Commissioner. The Commissioner's approval will be based on the ability of the 
liner system design to control leachate migration, meet performance standards, 
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and protect human health and the environment. The rule provides facility owners 
and operators the opportunity to alter the design standards proposed in this 
subpart based on site conditions and facility operations. By providing this 
opportunity in rule, the Agency eliminates the need for a facility owner or 
operator to request a variance for such minor design changes as slope 
alterations to achieve a particular design efficiency. In many cases, the 
facility owner or operator may wish to exceed the minimum performance standard 
included in the proposed rules but would be unable to make changes without the 
variance procedure. By including this option in rule, the Agency encourages the 
use of best available technology capable of ensuring that the risk associated 
with a particular facility does not exceed the acceptable risk established by 
the performance and design standards included in the proposed rules. The Agency 
believes that the facility owner or operator is responsible for managing the 
land disposal facility to minimize the risks associated with that facility. If 
this requires a change in design from the minimum standards included in the 
proposed rules, tile Agency should provide the facility owner or operator the 
opportunity to accomplish this task with a minimum increase in administrative 
burden. In order for the facility owner or operator to utilize a design 
different from the proposed rules, the facility mmer or operator must meet 
performance standards with adequate leachate control mechanisms. A basic design 
and construction quality must be maintained under the alternative liner system 
designs. 

Item L contains the requirements for an engineer's report to be submitted 
along with the design plans for the liner system. The engineer's report 
documents how the design was derived, including assumptions and calculations 
needed to show design efficiencies and the reasonableness of the proposed 
design. By reviewing the engineer's report the Agency staff gains an 
understanding of how the facility owner or operator intends to coordinate the 
design, construction, and operation of the facility to minimize risks to human 
health and the environment. An engineering report included with the design 
establishes a common basis for discussion between the Agency and facility owner 
and operator. The inclusion of an engineer's report excludes lengthy debates 
over a particular design because all the necessary information will be collected 
in one organized report. 

Subitem (1) requires the engineering report to address the source and 
quantity of natural soils capable of meeting the requirements o,f this subpart. 
A design is only as good as the mater1al used and the construction procedures 
followed. If the liner is to.be constructed of clay soils, it is imperative 
that the source be found prior to receiving approval for construction. By 
addressing the location and amount of soil in the engineer's design report, the 
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faci 1 i ty mmer or operator assures the Agency of the quality of soi 1 .to be used· 
and may plan appropriately for the costs to be incurred using the soil. 
Planning for the construction of a particular design feature is as critical as 
developing a scheme that on paper indicates all standards will be met. For 
example, the use of natural soils may not be feasible or cost effective if the 
soils are located some distance from the proposed facility location. This 
provision does not increase the responsibility of the facility owner or operator 
and provides the Agency with information on the availability of suitable 
construction materials. 

Subitem (2) requires the facility owner or operator to address the 
likelihood and consequences of barrier liner failures caused by puncture, tear, 
creep, freeze-thaw, thermal stress, abrasion, swell1ng, extraction, oxidative 
degradation; ultraviolet radiation, acid conditions, organics, pressure, gases, 
rodents, microbes and root p~netr~tion. An important factor in selecting 
barrier liner material is matching its intended service life with the particular 
exposure conditions. In order to estimate the service life, it is necessary to 
understand how a barrier liner might fail. By understanding the potential 
failures of a barrier liner, design and construction techniques can be devised. 
to reduce the potential for these failures. Additionally, the barrier liner is 
the main control for protecting the environment surrounding the facility from 
severe impacts. In order to provide for proper corrective actions in the event 
of a failure, it is necessary to understand the potential failure mechanisms 
provide sufficient financial reserves for the facility, and be prepared with the 
necessary equipment to correct the situation. 

Three major categories of liner failure are used to discuss this area of 
concern. The categories are chemical, physical and biological failures. The 
importance of the potential modes of failure will differ for synthetic membranes 
and natural soil liners. In choosing one liner material over another, the 
facility owner or operator must consider not only the cost of the material but, 
also how reliabl~ it is in meeting performance standards over a period of time~ 
Because of the cost associated with correcting environmental degradation caused 
by the failure of design systems, the rule requires the facility owner or 
operator to address why a particular liner material should be used in 
constructing a facility. Reference 80. 

Subitem (3) requires the facility owner or operator to address in the 
engineering report the composition of the soils used for the drainage layer and 
the barrier liner, including at least the soil gradations, percent fines, 
mineral composition, and solubility under acidic conditions, and performance 
when in contact with solvents. The physical and chemical pro~erties of the 
soils used in constructing a barrier liner and drainage layer are critical to 
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the performance and long-term integrity of these systems. Leachate generated at 
a mixed municipal solid 1~aste land disposal facility is typically slightly 
acidic. If soils used in the barrier liner and drainage layer are highly 
susceptible to these conditions, the performance of these systems will not be as 
good as designed. In the case of drainage layers, the material should be free 
of fine particles that could clog the system, preventing good flow conditions. 
The drainage layer may be more effec_tive if the material is a combination of 
very coarse to coarse gradations so it functions as a flow-through filter 
medium. On the other hand, barrier liners are best when larger particles are 
not present and the material consists of very fine soil particles. This 
provision requires the facility owner or operator to carefully analyze the 
facility design and construction materials to ensure they are compatible and 
will guarantee, to the extent possible, that minimal ri~ks will be associated 
with operating the facility. The required information allows the facility 01mer 
or operator to consider the expense of purchasing additional lands to obtain 
suitable materials based on construction needs. Obtaining this information is 
good risk management and necessary for the construction of the facility. 
Reference 82. 

Subitem (4) requires the facility owner or operator to address the 
calculations and assumptions used in choosing a particular design for the 
facility. Because assumptions made during the course of evaluating the 
suitability of a particular design can impact or determine the outcome of any 
review,-the Agency must have an understanding of the thought processes that went 
into the selection of a particular design. Additionally, calculating errors are 
possible and by including the calculations made in determining liner efficiency 
or amount of material needed, the Agency's review process can include 
mathematical verification. In brief, the facility owner or operator must submit 
all assumptions and calculations because they constitute the technical 
background to the design decisions made by the facility owner or operator. 
Reference 83. 

Item M requires the facility owner or operator to protect the liner system 
from damage during operation of the facility. The protection method chosen by 
the facility owner or operator must be approved by the Commissioner. This item 
ensures the liner system of a land disposal facility will not be disrupted 
during operations, yet it provides the facility owner or operator flexibility in 
designing the protection. Protecting the barrier liner may be accomplished 
through the use of solid waste loosely placed over the drainage layer, 
increasing th~ thickness of the drainage layer, synthetic membranes, a 
combination of these options, or another option. Allowing the facility owner Qr 
operator to investigate the potential use of a particular method of protection 
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allows for the integration of this requirement into the general operations at 
the facility. Requiring the submittal of a protection plan assures the Agency 
that the liner system's integrity will be maintained. 

Item N requires the facility owner or operator to install or ensure 
installation of the liner system in compliance with the construction 
specifications proposed elsewhere in the proposed rules. Without good 
construction techniques and quality control, the design of any facility can 
become unimportant. The construction of a design feature is critical to 
performance of that feature and the facility in general. Because it is good 
business practice to ensure quality workmanship on such an expensive project as 
a land disposal facility and due to the costly actions needed to repair a 
damaged facility or environment, the facility owners and operators of all land . p 
disposal systems must exercise strict control over construction projects. 

Subpart 8. Cover and liner evaluation. This subpart requires the soils 
intended for use as cover or liner material to be evaluated for certain 
properties, as appropriate. As discussed earlier, the ability of a cover or 
liner system to perform satisfactorily is highly dependent on the quality of 
material used in the construction. This subpart lists the evaluation techniques 
the Agency considers suitable to determine the quality of the material being 
investigated for use at the facility. By including a list of specific 
evaluation techniques in rule, the Agency ensures the same methods are used 
consistently by all facility owners and operators. This eliminates any 
complaints of unfair treatment of any facility owner or operator. Additionally, 
by listing the acceptable techniques in rule, the Agency provides the facil.ity 
owner or operator with sufficient information to avoid using unacceptable 
techniques. The list also provides potential service organizations with 
information needed to ensure they have proper equipment and procedures needed to 
complete the evaluation. These tests are nationally recognized as acceptable. 

Item A requires the facility 01mer or operator to conduct particle size 
distribution analyses in accordance with the American Society of Testing and 
Ma~erials (ASTM) standards 0421, 0422, and 02217. The ASTM tests are standard 
procedures used to evaluate soils for construction efforts. These tests are 
regularly used in the industry for evaluating soils and are relatively 
inexpensive. The particle size distribution analysis provides the user with 
information on how coarse or fine.the soil is. This information is used to 
classify the soil for use as liner material (fine-particle soils) or drainage 
material (coarse soils). The distribution curve is used to see how well the 
particular soil is sorted before use. In this 1~ay, compaction needs, 
workability and other physical characteristics of the' soil can be determined. 
Reference 53. 
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·Item B requires the percent fines to be determined for the soils intended 
for use as cover or liner material. The standard testing protocol to be used 
for this determination is found in ASTM 01140. The percent fines provide~ 

insight as to the suitability of a particular soil material for use as a cover 
material to control vectors, provide lo~i permeability, or generate dust; or use 
as a liner material to impede migration of leachate out of the fill area; or use 
as a drainage layer if few fines exist, decreasing the potential for clogging. 
Requiring the facility owner or operator to collect information regarding the 
percent fines in a particular soil provides an understanding of the possible 
function the soil may serve or the problems it may create. Reference 53. 

I tern C requires the facility owner or operator to determine the Atterberg 
1 i mits for the soi 1 s. The:._ standard protoco 1 s for these tests are found in ASH1 
0423, ASTM 0424, and ASTM 0427. The Atterberg limits are standardized indices 
of water content used to define the states of consistency for fine soils. These 
indices· are used to assess the mechanical behavior of the soil. The Atterberg 
limits·are defined as the liquid limit, plastic limit, and the shrinkage limit. 
These limits are most important when evaluating the suitability for a soil as a 
liner· material. The liquid limit is the 1~ater content at which two halves of a 
slot in the soil will close under· the impact of 25 blows. The blows and, 
separation distance are all standardized in the appropriate test protocol. The 
liquid limit is presented as a percentage of the dry weight. At the liquid 
limit, soil behavior is a blend of plastic deformation (deformation ceases upon 
stres~ removal) and liq~id flow (deforms freely after stress removal). The 

_recommended liquid limit for soils used as barrier materials is between 35 and 
60 percent. Reference 53. 1 

The plastic limit is the water content at· which the soil begins to crumble 
when rolled into a thread 1/8 inch i~ diameter. This limit represents the 
boundary between plastic and semisolid conditions. Though the plastic -limit 
generates information on mechanical behavior, it can also provide information on 
chemical properties of the·soil. Normally, the plastic limit is determined 
using distilled wa'ter, but higher electrolyte s·olutions can be used to reflect
the more aggressive behavior of leachate on a lihe~. This is particularly the 
case if'the soil is suspected of being chemical·ly sensiti~e. containing 20 
percent or more of montmorillonite claY. The information collected from this 
test is critical to decisions on the design of a liner or cover. 

The shrinkage limit is the water content at which further removal of 
moisture will not decrease the soil volume. This represents the boundary 

·between_ semisolid and solid conditions. Forcing ·a soil beyond this point will 
caus·e cracking. Again, this information is necessary in deciding on the 
suitability of a particular soil for use as a cover or liner. The information 
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is easily obtained while collectirig information on the liquid and plastic limit. 
The Atterberg limit tests are easily accomplished, routinely done by all 

soil laboratories, and inexpensive. When using different liquids with different 
soils, valuable information is obtained regarding the soils buffering capacity, 
i.e., its ability to resist physico-chemical alterati.ons and mechanical changes. 
Reference 73. 

Item 0 require·s the specific gravity of the soil material be determined 
using ASTM 0854. The determination of~ the specific gravity of a particular soil. 
is a standard practice used in determining the moisture content of a soil. It 
is necessary to have this information to determine other important soil 
conditions and characteristics. Reference 53. 

Item E requires the facility owner or operator to obtain a soil description 
in accordance with ASTM 02488. This method of describing the type of soil 
present at the site or intended for use as borrow source allows the soil to be 
classified by visual and manual inspection without extensive laboratory testing. 
The Agency proposes a soil description method based on field inspection because 
laboratory analyses are needed to determine the soil's suitability for use as a 
cover or liner material, making an exact classification of soil type unnecessary 
for preliminary efforts. By completing a specific gravity analysis, mineralogy 
analysis, and determining Atterberg limits, 
better understand the type of soil present. 
as a preliminary determination according to 
owners and operators should use this method 
analyses are needed. Reference 53. 

the facility owner or operator will 
This visual classification is done 

specific procedures. Facility 
of soil determination until detailed 

Item F requires a soil classification be completed in accordance with ASTM 
02487. Although most soil classification is done· by the visual method discussed 
in item E, laboratory classifications are routinely done on representative soil 
samples that are to be extensively tested for shear strength, compressibility, 
and permeability. The tests are also used as a quality control check on the 
field descriptions. It is important that soils.used as barrier liners be 
accurately defined as to soil characteristics in order to ensure the performance 
of liner. By requiring some laboratory verification of soil classifications, 
the Agency provides for consistency in soil classification and application of 
analytical data for the decision making process by all facility owners and 
operators. This information provides ·a verification of field classification of 
soils and ensures similar soils are being correctly classified. Reference 53. 

Item G requires the facility owner or operator to define the water content 
of the soils used as final cover and liner material. The water content is 
defined as the ratio, expressed.as a percentage, of the weight of water in a 
given soil mass to the weight of the soil particles. The wafer content is a 
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fundamental property of any soil. The 1~ater content ratio is used with density 
analyses to determine the optimum conditions for compaction of a particular 
soil. Placement under optimum conditions maximizes the ability of the soil to. 
meet performance standards. By comparing the natural water content to the 
needed \'later content for maxi mum compaction, the facility owner or operator will 
be able to determine the amount of water that must be added or removed to 
achieve optimum conditions. This information is critical to the quality of 
construction accomplished because the water content of a soil is dependent not 
only on the inherent soil properties but also climatic conditions 

' ' 

(e.g., immediately after a rainfall). 
Item H requires compaction analysis to be completed in compliance with 

ASH1 0698 or ASTM OM1557. These standard analyses are determined by the rapid 
acceleration of mechanical force to a soil to increase its density, decreasing 
the permeability. The compaction analyses are used with the water content 
results to determine optimum conditions needed to achieve the desired 
compaction. For liners, the most important effect of compaction is upon the 
permeability of the soil. Therefore, it is necessary that this information be 
obtained before construction begins in order that the proper construction 
quality control procedures can be developed. This information is easily 
obtained and is critical to the construction of the facility. 'Reference 53. 

Item I requires a consolidation test be completed in accordance with 
ASTM 02435. Consolidation means adjustment of a soil to the application of a 
load. When a soil structure has come to equilibrium after an applied load is 
in place, the soil is said to have been consolidated. The primary cause in 
delaying consolidation is the movement of water out of a saturated soil. 
Consolidation behavior is insignificant in cove~ soil but can be important in 
the liner and solid waste. If soil material drains slowly, pore pressure 
may rise under new loading conditions and lead to slope instability or bearing 
capacity problems. It is important to understand these structural properties of 
soils proposed for use as liners in order to be confident that side slopes. in 
the fill area will maintain their strength during site operations after 
precipitation events. The integrity of facility design features is basic to the 
performance of the facility. The tests provide the information necessary to 
ensure this integrity. Reference 53. 

Item J requires a permeability test to be conducted in accordance with 
ASTM 02434. Soil permeability is a numerical measure of the ability of a soil 
to transmit fluid. The laboratory permeability tests are used to predict 
performance of a natural soil liner in the field. The.permeability achieved in 
the laboratory and in·the field are dependent on the liquid passing through the 
soil, the moisture content of the soil, the soil structure and density, and many 

b ' 
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other factors. Thus, there can be a discrepancy between results achieved in the 
laboratory and those received in the field. However, the laboratory test 
results do indicate the potential for a particular soil to be used as a liner. 
The informatio.n generated from this analysis can be used to obtain an overall 
picture of the quality of the soil in terms of structure, compactability and 
performance. This information establishes the foundation for the constructive 
quality control and assurance plan discussed elsewhere. Reference 53. . 

Item K requires the facility owner or operator to obtain a breakdown of the 
soil mineralogy according to ASTM and the American Society of Agronomy. Soil 
mineralogy is defined by its elemental background, e.g., calcium, magnesium, 
sodium, and the shape and bonds used to hold these elements together. The soil 
mineralogy is useful background information for use in site investigations and 
facility designs. An x-ray diffraction analysis in combination with a particle 
size distribution analysis reveals much of the engineering behavior of soil. 
However, the mineralogy can be complicated by interlayered combinations of the 
basic minerals. Sufficient mineralogical background already exists on many 
soils and the new analysis can be unnecessary. This information is important to 
the overall engineering design of the facility and can be obtained for some 
soils without the expense of actually laying out the test protocol. 

Item L requires an unconfined compression analysis to be completed on the 
various soil types to be used in constructing the land disposal facility. The 
procedure to be follm~ed is found in ASTM 02166. This analysis is used to 
determine the quantitative changes in strength. This test measures changes in 
the sample as though it were a free standing body with no opportunity for 
continuous drainage. The strength tests are needed to determine the support 
provided to the sloping side of a fill area and for predicting soil performance 
under traffic at the site. This analysis is necessary to predict a soil's 
performance at the land disposal facility, is standard practice 1vi th 
construction projects, and is readily available at soil laboratories. 

Item~~ requires the facility mvner or operator to complete a triaxial 
compression test on the soils using ASTM 02850. The triaxial compression test 
is used to measure shear strength of a soil under controlled drainage 
conditions. In general, three specimens are each tested under a different 
confining pressure, to establish the relation between shear strength and normal 
stress. The procedure is selected to closely approximate field conditions. The 
strength of a soil is an important factor in determining its ability to function 
as designed. For instance, soils used to construct the liner on the slope of 
the fill area must be capable of withstanding the forces placed on it that could 
exceed the soil 's shear capacity. If thiS· capacity is exceeded, the soil will 
slump away from the side walls disrupting the soils function as a liner. This 
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provision in the proposed rules ensures that the facility owner or operator will 
consider all engineering principles and determine the weak points of a 
particular facility in time to correct and operate a facility with maximum 
protection. 

Item N requires the completion of a cation exchange capacity analysis. This 
test is to be done in accordance with the "Methods of Soil Analysis; Agronomy 
Monograph No.9," C. A. Black, editor, as published in Madison, Wisconsin, 1965. 
The cation exchange capacity analyses evaluate a soil's ability to adsorb 
pollutants and prevent their migration into surface water or ground water. 
Since the performance standards of the proposed rules are based on the premise 
that future land disposal facilities will be located in areas of natural 
protection, it is important to understand from an analytical context how much of 
a contribution to that natural protection can be attributed to the soils. The 
cation exchange capacity can impact the engineering behavior of a soil by 
causing the basic structure of the soil to change as pollutants are adsorbed. 
The cation exchange capacity of a soil impacts not only the engineering 
characteristics of a soil but also its treatment capabilities. 

Item 0 requires the facility owner or operator to obtain the basic nutrient 
content, pH value, and percent organic matter value for those soils intended for 
use as a growing medium for vegetation. No specific analyses are required under 
this item because these are routine procedures with little deviation 
experienced. This information is inexpensively obtained, is routinely done 
before seeding large areas, and provides valuable data on the optimum conditions 
for vegetative growth. 

The last paragraph of this subpart allows for the facility owner or operator 
to choose analyses other than the particular protocol included in the 
items under this subpart. The facility owner or operator must receive the 
Commissioner's approval prior to utilizing an alternative analysis. Because 
there are many opti on.s for analyzing soils, the Agency has chosen to pro vi de a 
list of analyses that are to be completed and the most common procedure for 
analyzing soils. The Agency believes it is reasonable to provide the facility 
owner or operator with an option to use other analyses that will provide the 
information in the same detail as the tests ·referenced in this subpart. By 
providing this option in rule, the Agency allows the facility owner or operator 
to use locally available methods to analyze the soil and ensures some basic 
level of quality of assurance . 

. Subpart 9. Leachate collection and treatment system. This subpart 
establishes the design and performance standards for the leachate collection and 
treatment system. The design for a mixed municipal solid waste ·land disposal 
facility must include a leachate detection, collection, and on-site or off-site 
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treatment system. The detection system must monitor the level of leachate 
build-up in the fill area and the effectiveness of the liner system. The 
collection and treatment system must collect the leachate for proper treatment. 
The facility owner or operator must provide any pretreatment needed for proper 
treatment to occur at an off-site treatment facility. These general performance 
standards are proposed for inclusion in the rules because they govern the design 
of the leachate collection and treatment system. In order to be effective, the 
leachate collection and treatment system must function jointly with the liner 
system and not as a completely separate component. By indicating how the 
leachate detection and collection systems interact with each other and with the 
liner system, the ~gency has emphasized their importance to the performance of 
the land disposal facility. 

The leachate detection system is critical in determining how well the liner 
system and the leachate collection system are performing. The liner system is 
designed and constructed to impede the downward migration of leachate out of the 
facility and encourage horizontal movement to the leachate collection system. 
The leachate collection system, in turn, is de~igned and constructed to move the 
leachate out of the fill area for treatment and disposal. If either of these 
systems is not properly functioning, the overall performance of the facility 
will be affected and the environment and human health put at a greater risk. 

The leachate detection system is designed into the facility as a check on 
the operating performance of these very critical design components. The 
detection system must monitor leachate migrating through the barrier liner and 
leachate building up on the liner. Migration through the barrier liner can 
indicate liner failure; therefore, the detection system must be located at· 
points where failures are most likely to occur. These areas would include 
points where the collection system enters or leaves the fill area, seams between 
sheets of synthetic membrane, and low points in the system where leachate 
build-up may be greatest. Leachate build-up on the liner system may indicate a 
failure in the collection system. As discussed in item D, the collection system 
must be designed to maintain less than one foot of free liquid standing on the 
liner. If the detection system indicates free liquid at a depth greater than 
one foot or leachate migration out of the fill area exceeding design 
specifications, actions may be necessary to correct existing conditions or 
modify the facility design. It is reasonable to require a leachate detection 
system at all land disposal facilities because of the importance of the design 
components it monitors. References 82, ,83 and 84. 

The difficulty with establishing performance standards for mixed municipal 
solid waste land disposal facilities is detec~ing minor failures before large 
impacts. occur. The detection system is one method of minimizing this risk. By 
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monitoring the performance of the liner and collection system as it is 
operating, changes in the amount of leakage or build-up can be used to evaluate 
the performance of the facility and early corrective actions can be initiated. 
A leachate detection system is a reasonable method of evaluating facility 
performance because it functions by monitoring certain points within the fill 
area and under the liner. This is much less expensive than requiring a complete 
second liner/leachate collection system that may be completely unnecessary under 
the primary system. 

Leachate collection and treatment are necessary to complete the cycle of 
proper disposal of mixed municipal solid waste. To build a facility with 
barrier liners to control the downward migration of pollutants and not also 
include a system to collect and properly treat the leachate contained within the 
fill area would be neglecting a critical portion of the facility design. 
Because of the release of pollutants from the waste intd water migrating through 
the waste, leachate has the highest potential of all land disposal facility 
by-products for polluting the environment. It is reasonable to establish a 
general performance standard to ensure leachate is collected and properly 
treated because of its high potential for negative impacts on human health and 
the environment. 

The more detailed design and performance standards for 
collection and treatment system are found in items A to K. 

the leachate 
Each of these items 

will be discussed in greater detail as to its need and reasonableness. 
Item A specifies minimum design standards and locations for the leachate 

detection system. The leachate detection system ~ust be installed at the lowest 
elevation of the fill area and throughout the fill area, as necessary to monitor 
leachate build-up. The detection system must also be capable of be{ng used as 
part of the collection system. For instance, standpipes used to detect build-up 
must be capable of being used as pump-out wells in cases where leachate is 
building up on the liner at a rate faster than it can be removed with the 
existing collection system. Thus, 2-inch standpipes would not be considered 
acceptable for use throughout the entire detection system. The portion of the 
detection system placed under the liner must enable any leachate collected in 
this area to be removed for treatment and disposal. It is reasonable that the 
detection system be designed for use as part of the leachate collection system 
when originally installed because it allows for faster responses to leachate 
build-up and allows the facility owner or operator to install these systems as 
filling occurs rather than retrofitting at a later date and potentially damaging 
the facility. Drilling through the waste after placement is not only difficult 
but can be a safety hazard. If decomposition has begun, pockets of explosive 
gases may exist within the fill area and drilling into these areas may cause an 
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explosion or fire. The potential for puncturing the liner also exists. 
The detection system must consist of collection lysimeters and standpipes 

capable of monitoring, detecting, and collecting leachate movement through the 
liner. Standpipes are used to evaluate the amount of leachate building on the 
liner and the collection lysimeter. If leachate is being impeded from moving 
through the liner, little, if any, leac11ate will be found in the collection 
lysimeter and some will be found on the liner system until it mov~s off the 
liner system to the collection system. It is reasonable to use collection 
lysimeters to monitor the effectiveness of the barrier liner because they 
measure a two-dimensional area under the liner 'rather than just a point. The 
function of the detection system is to evaluate the performance of the 
facility's liner system. If monitoring only occurs at single points below the 
liner the probability of detecting small failures is minimal because fluid 
movement is not in a direct line from the leakage point downward. In using 
collection lysimeters, a wider area is monitored and the leachate can be 
collected for removal and treatment rather than allowing it to migrate even 
further from the fill area. Such a system decreases the potential impacts on 
the environment from a disposal facility and is less expensive than corrective 
actions completed after major impacts have occurred. 

The detection system must be constructed of materials compatible with the 
leachate generated in the fill area. Compatability means that the detection 
system materials are resistant to chemical and biological breakdown from contact 
with leachate. Maintaining the integrity of the detection system is the key to 
its performance. If the detection system cannot withstand the chemical and 
physical stresses leachate may place upon it, the detection system will not 
function as an accurate monitor of site conditions. Additionally, because the 
detection system functions as a back-up leachate collection system, it is 
reasonable to require the detection system to be capable of functioning in the 
presence of leachate. Standpipes placed ~ithin the fill area for monitoring 
leachate build-up on the barrier liner must be capable of maintaining their 
integrity over an extended period of time. If the standpipes are damaged by the 
leachate, their performance will be diminisl1ed. In such instances, the facility 
owne" or operator would experience considerable cos~s in replacing the 
standpipes on a routine basis. By establishing a performance standard rather 
than a specific construction or material standard, the Agency permits the 
facility owner or operator sufficient flexibility to compare costs associated 
with various materials and their performance over time when in contact with 
leachate. 

The Commissioner may approve, under this item, a detection system without a 
collection lysimeter or standpipes. This approval will be based on information 
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supplied by the facility owner or operator regarding the liner design, 
subsurface soil conditions, ground water and surface water flow patterns, depth 
to ground water, and a projection of the amount leachate generated. There may 
be situations 1vhere lysimeter collection systems are unnecessary because the 
depth to ground water or subsurface soil conditions allows for early detection 
and collection of pollutants leaving the fill area. Additionally, the facility 
owner or operator may elect to use another option to monitor the liner . 
performance such as electrical monitoring of liquids being released from the 
facility. It is reasonable to provide such options by rule rather than 
requiring variance proceedings because of the rapid advan(ement of technology in 
this area and because the detection system is a part of the overall facility 
design the owner or operator must consider in evaluating risk management at the 
site. If modifications are acceptable only when approved by the Commissioner, 
environmental protection is maintained. Reference 80. 

The last provision of this item refers to monitoring the performance of the 
leachate storage area. Unless direct piping to a treatment facility is designed 
into the facility, leachate will be collected at:a point for removal and 
transportation to the treatment facility. The storage period of leachate varies 
in length dependent on the storage capacity and leachate generation rate. 
Because of the concentration of leachate and, consequently, pollutants in one 
area over a period of time, it is important that the storage system not become a 
source of pollutant migration into the surrounding area. By closely monitoring 
the storage area, failures within the storage area can be found before major 
impacts occur. For instance, monitoring the amount of leachate in a storage 
tank can be used to determine if the tank is leaking. This provision provides a 
reasonable method to ensure that leachate storage areas do not become sources of 
pollution yet allows facility mmers and operators flexibility in how they 
intend to monitor the performance. 

Item B requires the facility owner or operator to construct a clean-out 
system to clean the entire length of the collection system. Clean-out 
structures must be spaced no more than 500 feet apart. Standard design 
practices for designing flow-through pipes is to obtain a cleaning velocity 
within the pipe. The cleaning velocity provides sufficient movement within the 
pipe to prevent settling of solids within the pipe. By establishing 
self-cleaning velocities, clogging of pipes is minimized. Because of the 
variability in leachate flow and the high solid content of leachate, it is 
impractical for all facility designs to obtain cleaning velocities within the 
leachate collection systems in order to maintain optimum performance. The 
500-foot maximum spacing for clean-out structures is based upon the limitation 
of available equipment. Most pipe cleaning equipment has been designed for 
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sanitary sewer lines. This equipment rarely has the capacity to clean more than 
500 feet of pipe at one time. It is expected that facility owners and operator~ 
will rent cleaning equipment rather than purchase equipment for use. It is 
reasonable to establish standards that reflect the equipment available for use. 

Item C establishes the specific design requirements to be followed in sizing 
a leachate collection system. As with most operational systems, performance 
standards alone are insufficient. If the performance of the various co~ponents 
were more easily monitored; if the controlling mechanisms of the reactions 
within a fill area 1~ere better understood; or, if the subsurface conditions 
surrounding a facility could be more accurately defined, the use of performance 
standards without establishing design controls might be reasonable. The Agency 
is charged with the responsibility of evaluating a particular facility's 
potential adverse impact on the environment. The proposed rules have been 
established to ensure that basic safeguards are in place at all land disposal 
facilities to prevent one area of the State of Minnesota from being protected by 
the utilization of ample risk management techniques while another area is at 
risk due to a wait-and-see-if-something-happens attitude. The design standards 
propose reasonable criteria by which these safeguards may be put into place at 
all facilities. 

Subitem (1) requires the facility owner or operator to complete a water 
balance analysis based on the facility design. The water balance analysis is 
used to determine overall site efficiency in collecting or promoting. run-off and 
to facilitate designing the leachate collection and treatment system for the 
facility. It is important that all facility owners and operators complete the 
water balance in a consistent manner. This subitem contains the variables to be 
included in each water balance calculation. These variables include 
precipitation, evapotranspiration, surface run-off, soil and waste moisture 
storage, root zone depth, surface slope, subsurface lateral drainage, and 
average monthly temperature. These parameters, in varying degrees, impact the 
amount of moisture entering a fill area and in turn the amount of leachate 
generated. The Agency believes it is reasonable to provide facility owners and 
operators with the variables to be considered in calculating a water balance 
rather than requiring a specific procedure to be followed. No specific 
methodology is addressed in the proposed rules because the variables considered 
in the determination control their use in the water balance calculation. 
Additionally, the methodologies consistently undergo updating to better define 
the calculations. This appropriately allows the· facility owner or operator to 
investigate site conditions and utilize a model or analytical method that best 
represents actual site conditions. 

The facility m~ner or operator must derive the leachate generation rate from 



February 23, 1988 

-476-

the amount of water that percolates through the cover each month using actual 
data from an average weather year and a year when the precipitation exceeds the 
average precipitation by at least 20 percent. Many models contain default data, 
which is data included from one or two reporting stations that may or may not be 
in the proximity of the proposed land disposal facility. By using actual data 
generated from reporting stations near the proposed facility, a more accurate 
picture of site conditions will be obtained. Also, the design parameters used 
in calculating the size of leachate collection, storage and treatment systems 
will more closely reflect actual conditions. Using a prec'ipitation event 
greater than the average precipitation allows for an understanding of how the 
various facility components will react under such conditions and provides 
opportunity for alterations to the facility design before a storm event occurs 
and disrupts operations. It is reasonable to use_average precipitation data 
because of the moisture storage capacity within the cover materials and the 
mixed municipal solid waste in-place at the facility. Because this storage 
capacity exists, moisture will not be released at a fast rate that may overload 
the collection system. In fact, the moisture storage capacity will act as an 
equalizer for moisture release in the fill area. The use of data reflecting a 
20-percent increase in precipitation above the average approximates how the 
leachate collection system will function during times of extra moisture. This 
analysis will provide data for use in designing storage capacity within the fill 
area or the planned storage tank or pond to be used before delivery to the 
treatment facility. Storage to be handled in the fill area must be taken into 
consideration 1~hen designing the liner and leachate collection system. A 
20-percent increase over average precipitation considers events above the 
expected value without causing unnecessary alarm that an·underdesigned 
collection and storage system exists. This provision ensures that the system 
will not fail because of its inability to handle leachate, thus minimizing 
potential environmental impacts. The extra capacity designed into the 
facility's leachate collection and treatment system based on these figures 
should not create an unnecessary financial burden on facility owners and 
operators. 

The engineering design report must contain all calculations and assumptions 
made during the water balance calculation. The engineering design report 
presents the facility owner's or operator's reasoning behind a chosen facility 
design. The Agency is charged 1~ith the responsibility of reviewing facility 
designs to ensure they minimize potential impacts-to the environment. 
Therefore, the Agency should have at its disposal all information used in making 
the design decisions. Additionally, the inclusion of this information in the 
engineering design report requires no additional work on the part of the 
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facility 01mer or operator. It is needed to complete the design work and the 
proposed requirements are only a reporting requirement. 

Subitem (2) requires the sizing of collection pipes and the storag~ area 
based on the size of the fill area and the characteristics of the piping 
materials and liner materials. Logic dictates that in designing component parts 
of a total system, the entire system design must be considered. The area 
draining into the storage area or a particular portion of the collection system 
has a direct bearing on the volume of leachate that will be handled. 

Subitem (3) requires that the volume of leachate generated under the 
scenario presented in subitem (1) be considered in determining the size of the 
leachate collection system. The required site efficiency as calculated in 
subpart 7 must also be used in determining the proper design for the collection 
system. In order to emphasize the importance of the water balance calculations, 
the Agency believes it is necessary to include in the proposed rules a provision 
that mandates the use of this information in the design efforts for the 
facility. The v1ater balance calculations are not a planning tool for use in 
estimating if leachate will be generated and when, but rather an analytical tool 
used to estimate as accurately as possible the volume of leachate generated for 
design purposes. The water balance calculations are used for determining 
storage capacity needs, determining treatment capacity, calculating site 
efficiency capabilities, and designing the collection system. Because it 
affects so many facility components, it is imperative that the water balance be 
completed as accurately as possible. By including this provision in the 
proposed rules, the Agency again provides facility owners and operators with 
information that must be used in developing facility design specifics that will 
be reviewed in the approval process. Because this information is used in 
standard design practice, the proposed provision adds no additional burden on 
the facility o1mers or operators. 

Subitem (4) establishes the design parameters that must be considered when 
sizing sump pumps to remove leachate from the fill area. It is expected that in 
most situations the leachate collection system will be designed to provide 
removal by gravity drainage. A gravity-controlled collection system will 
require the least ·amount of maintenance, require no external energy source to 
operate, and represent the least cost alternative in most situations. However, 
some situations will require the leachate to be moved to a higher elevation than 
the collection system. In these cases, sump pumps will be needed to lift the 
leachate to the higher elevation. It is, therefore, important to consider the 
components that will impact the size ~nd performance of the pumps. Under this 
subitem, the following item~ must be considered in sizing the sump pumps: the 
storage capacity in the 1~aste and collection system, the volume of leachate 
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anticipated, and the amount of leachate moving out by way of gravity drains. 
The pumps must also be compatible with the leachate, i.e., the structural and 
operational integrity of the pumps must not be affected by the leachate. The 
proper sizing of the pumps is critical to the removal of leachate from the fill 
area, which in turn affects the overall performance of the liner and collection 
system. Standard design practices for sizing pumps call for the need to 
understand the volume of liquid to be pumped, the flow rate anticipated, and the 
elevation difference to be pumped. This provision does not require additional 
work to be completed. 

Subitem (5) addresses the design efforts to be expended regarding the 
leachate storage area. The storage area is used to hold leachate prior to 
delivery to a treatment facility. Because of the potential for pollutant 
release in. large quantities from a storage area, it is important that proper 
safeguards be used in designing, constructing, and operating the storage area. 
Subitem (5) requires the storage area to be designed and constructed to drain 
the system back into the overall leachate collection system to minimize the 
potential for overfilling of the storage areas. Another type of design may be 
approved by the Commissioner if it contains a meth_od to detect 1 eaks, contain 
leaks, and minimize the need for corrective action. If a storage area is 
overfilled and spills, the environment is placed at risk and the facility owner 
or operator must employ corrective actions to minimize these risks. Therefore, 
it is reasonable to require design and construction techniques that minimize the 
potential for pollutants to escape the system. 

Item D requires the design of the leachate collection system to prevent free 
standing liquid over the liner in the fill area to exceed one foot. The height 
of the liquid on a liner creates a downward pressure encouraging vertical flow 
to compete with horizontal flow. If the depth of the liquid becomes too large, 
the vertical force will become stronger and liquid will move into the 
surrounding subsurface environment rather than being collected and properly 
treated. Although other factors such as liner slopes, hydraulic conductivity 
and flow distances impact the amount of leakage more than the depth of standing 
liquid on the liner, the height of the liquid is a factor that must be 
minimized. If leachate is allowed to build up on the liner, the leachate 
collection system also 1~ill be under large hydrostatic pressure that may 
collapse the piping, force gas to migrate out of the piping, and permit more 
contact between the piping material and the chemical constituents of the 
leachate creating an increased potential for structural failure. Additionally, 
by delaying the removal of leachate from the fill area and allo~ling- more con_tact 
time between the waste as it decomposes and the liquid percolating through the 
waste, a higher strength leachate may be generated. It would be more difficult 
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to prepare the leachate for treatment and disposal. The build up of liquids 
within the fill area may also serve as a destabi.lizer for the fill area. As the 
mixed municipal solid waste absorbs more liquid it ~ill lose some of its 
structural support capabilities causing larger problems with subsidence and 
settlement as well as with traffic over those areas. The Agency believes it is 
reasonable to establish a 1-foot maximum depth of free standing liquid over the 
liner. This depth has been found to be the most efficient head on a liner for . 
collection efficiency. 

Item E proposes that the maximum unintercepted leachate flow distance along 
the drainage layer be 100 feet. The effect of changing leachate flow distance 
is discussed in the paper presented by Mr. Peter Kmet, et al. and included as 
Appendix XIV. As one would expect, the percent leakage from a facility 
decreases as the flow distance decreases. Unlike other components used in 
evaluating the liner efficiency, no point of diminishing return is found to 
exist with the flow distance. This is because the change in leakage is linear 
with respect to flow distance for distances below 150 feet. Distances greater 
than. 150 feet become inefficient in collecting leachate. It has been calculated 
that no optimal flow distance exists but that distances less than 50 feet are 
not practical in the field. No optimal flow distance exists because of the many 
factors controlling the collection efficiency, as discussed earlier. 
Construction equipment will need to drive directly over the collection pipes 
when a 50-foot flow dist~nce is used. This increases the likelihood that ~amage 
to the pipes will occur. The standard proposed in this item has been chosen as.· 
the figure halfway between the impractical 50-foot flow distance and the lower 
efficiency limit of 150 feet. The other design parameters contained in the 
proposed rules were also taken into consideration when arriving at the 100-foot 
standard. As stated earlier, the minimum design standar~s presented in the rule 
were not intended to be used as a recipe for acceptable designs capable of 
meeting all performance standards. The design standards are intended for use as 
guidance for facility owners and operators to recognize the Agency's basic 
requirement as to the thickness of liners and covers and materi~ls. 

Some commentors have argued that the flow distance permitted along the 
drainage layer should be greater than 100 feet. Some stated that spacings of 
500 feet between the collection pipes had been used at sites in other states and· 
that this should be permitted in Minnesota. This spacing was used in 
conjunction with synthetic membrane liners. The Agency disagrees that the 
100-foot maximum flow distance (200-foot centers) is too restrictive. The 
Agency believes that most land disposal facilities will be constructed with clay··· 
1 i ners. Leachate flow over the surface of a clay 1 i ner is not as smooth and 
unobstructed as the flow over a synthetic membrane. The flow on a clay liner 
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has a vertical component in addition to the horizontal component while a 
synthetic membrane, for practical purposes, has only a horizontal component .. 
Thus, liquids on a synthetic membrane will do one .of two things, flow 
horizontally to the leachate collection system or build up within the fill area. 
Liquids on a clay liner may move vertically downward, horizontally to the 
collection system, or build up on the liner. It is important that the vertical 
component on clay liners be eliminated to the extent possible. This is 
accomplished by using low permeability clays compacted to their maximum density, 
using coarse sands or gravel as a drainage medium above the liner, and by 
spacing collection pipes within distances of each other to collect the liquids 
in reasonable time frames. The Agency believes the proposed standard of 100 
feet flo~1 distances will. provide a reasonable means of ensuring the liner design 
is efficient in controlling liquid movement out of the fill area into the 
surrounding subsurface environment. 

Item F addresses the design requirements for the leachate collection pipes. 
The collection pipes must be of sufficient diameter to handle the flow and allow 
cleaning. Leachate flowing through collection pipes at a land disposal facility 
contains a large amount of solids. The flo11 through the collection system must 
be designed to achieve self-cleansing flow velocities within the pipes. If the 
flow is slower than-necessary to generate cleaning velocity, the potential for 
solids settling from the leachate as it moves through the pipes is high. 
Therefore, it is important tllat the facility 01~ner or operator design the system 
to allow for mechanical cleaning of the pipes. Normal cleaning equipment cannot 
be used in pipes with a diameter less than 4 inches. Without dictating the 
specific dimensions of the pipes, this provision proposes a reasonable 
performance standard that gives the facility owner or operator flexibility 
regarding the collection ~ystem design. It is standard engineering practice to 
design collection pipes based on the anticipated flows. The proposed 
requirement tllat this be considered is not a new design requirement. 

The collection pipes must be capable of handling any loads experienced 
during construction and disposal of solid waste. The engineering design report 
must contain the buckling capacity and compressive strength of the pipe. Pipes 
installed at the base of a fill are~ can be subjected to high load pressures 
because of the depth of the fill area and construction techniques used to place 
the liner and collection system. In the analysis of the structural stability of 
a pipe under the imposed loading, the pipe is considered either a rigid or 
flexible conduit. Rigid conduits would include pipes made of concrete or cast 
iron. Plastic and fiberglass pipes are examples of flexible pipes. Because a 
land disposal environment is highly corrosive, pipe materials selected for use 
in leachate collection systems are generally plastic due to their relatively 
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inert properties with respect to typical leachate. Therefore, -the structural 
stability of flexible pipe in land disposal facility applications is of concern. 

Collection pipes are installed under two basic conditions - trench or 
positive projections. Figures 8a and 8b show a generic installation for each of 
these conditions. The trench condition exists whenever the top of the pipe is 
located below the base surface of the liner. The load on the pipe is the waste 
and the trench backfill. These two components of the total vertical pressure on 
the pipe are computed separately and then added. This force is then determined 
as a force per unit length of pipe (References 78 and 85). The positive 
projection condition exists whenever the pipe is at or above the base surface of 
the liner. In this case, the load on the pipe is equal to the weight of the 
prism of overlying waste. Reference 85. Perforations in the pipe reduce the 
effective length of pipe available to carry loads and must be considered in 
calculating the load on the pipe to ensure suitable pipe strength is available. 
The capacity of-a buried pipe may be limited by buckling. Estimates of vertical 
stresses on pipes show buckling can be a controlling factor depending on the 
pipe flexibility and the modules of passive soil resistance. Commentors have 
suggested that this information is not needed. However, the Agency believes the 
efficiency of the collection system is controlled by the ability of the pipes to 
operate properly and if the pipes collapse under the loads exerted on them, 
inefficient collection will occur. The same is true for the importance of 
compressive strength of the pipe. The information required under this item is 
routinely calculated in the design of pipe installation. The Agency, is 
responsible for approving the design to ensure it will operate in a manner that 
minimizes the potential for pollutant release from the land disposal facility. 
The Agency will obtain all information necessary to do a proper review of the 
loads on the collection pipes and the performance expected under these 
conditions. 
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A pipe correctly designed to withstand loading from the waste can fail from 
loading received during construction. Although only a fraction of a stationary 
wheel or tracked vehicle load applied at the ground surface over a trench.is 
transmitted to a pipe through the trench backfill, the percentage increases 
rapidly as the vertical distance between the loaded surface and the top of the 
pipe decreases. In addition, moving loads cause impact loading generally· 
considered to have a 1.5 to 2.0 multiplier effect over stationary loading. In 
general, equipment should not be moved over collection trenches installed with 
shallow cover or in positive projections. Thus, it is reasonable to require 
that construction loads be considered in the design of the collection system and 
the calculations·reported in the engineering design report. 

The leachate collection pipes placed in lined trenches and covered with a 
suitable filter material or geotextile membrane must be desi.gned and constructed 
to encourage flow to the pipe and prevent infiltration of fine-grained soils. A 
geotextile membrane is a synthetic membrane that functions as a filter. The 
geotextile membrane must not be placed in contact with the collection pipes. 'As 
discussed elsewhere, leachate contains large amounts of settleable solids. It 
is important to remove as many of the solids as possible before the leachate 
reaches the collection pipes to minimize the potential for clogging in the pipes 
and hindering routine maintenance cleaning of the collection pipes. By using a 
graded drainage blanket above the barrier liner, solids can be filtered out of 
the leachate providing a more free flowing liquid. Geotextile membranes can be 
designed for the same purpose and may in some cases be a cheaper alternative. 
Therefore, it is important that the collection pipe not be wrapped with the 
membrane. A membrane wrapped around collection pipes can become clogged and 
result in excessive head pressures on the liner because the liquid can not move 
into the pipe. The basic result of this situation is increased depth of liquid 
on the liner and an increase in the vertical movement of leachate into the 
subsurface soils. Care is needed to ensure proper installation and operation. 

Item G requires that there be the same thickness of liner below the 
collection pipes as exists elsewhere or that the pipes be constructed under 
positive projection. Although these are the designs most expected when 
reviewing leachate collection systems, the Agency believes it is necessary to 
expressly indicate that pipes laid on the top of a barrier liner in a lower 
elevation and not in a trench are unacceptable and that the barrier liner must 
be the same thickness under the collection pipes as elsewhere. This item 
eliminates any confusion as to what ~pe of design will be acceptable without 
directing particular design standards., This. item provides the facility owners 
and operators a reasonable opportunity to design any collection system that 
meets these standards. 
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Item H requires the facility owner or operator to use only pipes resistant 
to chemical and biological breakdown resulting from contact with the leachate. 
As with the barrier 1 i ner, the 1 ong-term integrity of the 1 eachate co 11 ecti on 
system has a direct influence on the overall performance of the facility. To 
expend large amounts of money on the design and construction of a facility but 
neglect the material composition of the design components would be a serious 
oversight. The use of concrete pipes in the acidic environment of a land 
disposal facility would only result in disintegration of the pipe due, to 
chemical attack and result in a nonfunctioning collection system., By 
establishing performance standards rather than a specific design criteria, the 
Agency provides the facility owner or operator a reasonable opportunity to 
evaluate the cost and benefit of particular pipe materials. This provision 
merely states the common practice used in designing any facility and does not 
increase the burden on a facility owner or operator. 

Item I requires the design and construction of the collection system to be 
coordinated with the planned phase development for the site and the amount and 
timing of leachate generation. Although this may be seen as a statement of the 
obvious, the most basic ideas are not always put into practice. The Agency 
believes it is necessary to remind the regulated community that the entire 
facility design must be considered when the various components are being 
reviewed. The timing of. construction can be critical to the continued operation 
of a facility. If a particular phase is intended to be filled by December of a 
particular year, the facility owner or operator cannot wait until December to 
put the next segment of the collection system into place. The weather in 
Minnesota typically would not permit quality construction during this time. 
Additionally, for operational concerns filling in the subsequent phase may be 
needed as a particular phase is nearing completion. Coordination between the 
construction of the leachate collection system and the phase development for the 
facility provides for a systematic progression of the facility and ensures 
proper site preparation for filling and preparation for the collection of 
pollutants. 

Item J requires the facility owner or operator to design the collection 
system in a way that allows the collection of leachate samples for chemical 
analysis. The chemical analysis of leachate generated at a particular facility 
is used to determine the treatment needs for the leachate and the potential for 
pollutant releases to have detrimental effects on the environment. By analyzing 
the leachate, a determination can be made as to the need for continued treatment 
of leachate and continued monitoring after the facility has been closed. The 
routine analysis of leachate will provide a pattern on the composition and 
concentration of pollutants indicating the amount of waste stabilization that 



···! 

' 'I 

February 23, 1988 

-486-

has occurred at the facility. 
Item K sets out the standards for leachate treatment and disposal. Because 

the discharge of potential pollutants to surface waters or the land application 
of the pollutants is regulated under water quality rules and standards 
established by the Water Quality Division of the Agency, this item contains 
references to the applicable standards. This item provides a performance 
standard to be complied with at all facilities. The proper treatment and 
disposal of leachate is the final step in minimizing the risk.associated with 
the operation of a mixed municipal solid 1~aste land disposal facility. To 
control the movement of pol,lutants out of a land disposal facility through the 
use of barrier liners and collections systems yet neglect the treatment and 
disposal of the leachate would be irresponsible. 

This item requires the facility owner or operator to design and construct 
the leachate collection system to transport leachate to a holding area for 
testing and, as needed, treatment prior to disposal. The holding area or 
treatment system must be compatible with the leachate and prevent the release 
of pollutants to the environment. In many cases, the local or regional land 
disposal facilHy is located some distance from an existing wastewater treatment 
facility. -In these cases, the 1 eachate must be transported to the treatment 
facility by truck or treated on-site. Treatment on-site is not routinely 
financially viable or logistically feasible. Leachate treatment requires a 
large space commitment due to the volumes and composition of leachate requiring 
treatment. Many existing land disposal facilities do not have space available, 
nor are there discharge options. Operating wastewater treatment facilities are 
usually the preferred alternative for leachate treatment. Trained operators are 
present who understand the intricate balance that must be maintained between 
volume of water to be treated, concentration of pollutants, and the biological, 
chemical, and physical processes used to treat the water. Because of the need 
to maintain this balance, it is important to ha~e the capabilities to store 
leachate prior to treatment for incorporation into the wastewater treatment 
process at a level that will not disrupt facility operation; in some cases this 
includes testing of the leachate prior to treatment. Upsetting the balance of 
the processes involved at a 1~aste1~ater treatment facility would only serve to 
create an additional source of environmental degradation. References 83, 86 and 
87. 

No specific design standards were provided under this item regarding holding 
facilities or treatment facilities for a number of reasons. These reasons 
include the variety of. designs that will adequately address the performance 
requirements, the site-specific conditions that must be taken· into consideration 
with the design, and the need to allow flexibility in designing treatment 
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programs compatible with the overall land disposal facility operations and the 
potential leachate treatment facilities. In some cases, pretreatment of 
leachate at the land disposal facility may be necessary, while other cases may 
permit the direct piping of leachate to a 1vastewater treatment facility. The 
proposed rules must provide ample·flexibility in designing specific components 
while ensuring proper protection measures are .included in all designs. 

The treatment and disposal of leachate must comply with parts 7001.0010 to 
7001.0210 and 7001.1000 to 7001.1100. The design and construction of a leachate 
treatment and disposal system must be completed in accordance with a feasibility 
study conducted by the facility owner or operator and approved by the 
Commissioner. The references made in this portion of the item refer to the 
existing Agency rules that regulate point discharges to surface waters or the 
land application of liquids needing treatment. The cross-references provide the 
facility owners and operators 1vith easy access to the governing factors 

'.concerning treatment and disposal of wastewater without adding complicated 
language to this set of proposed rul~s. To include the language found in these 
references would only increase the size of these proposed. rules without adding 
any information. Therefore, the cross-referencing of appropriate rules is 
reasonable. A feasibility study provides a systematic approach to evaluating 
the treatment and disposal options available for the Jeachate generated at a 
land disposal facility. ·The feasibility study will address such items as 
treatment capacity, treatment needs, facility design, facility operation and 
disposal. Improper facility design and disposal cause environmental impacts and 
impose additional costs on the facility owner or operator for cleanup actions. 
Therefore, the treatment and disposal of leachate must be carefully planned for 
and approved by the Commissioner in accordance with the water quality standards. 

Subpart 10. Water monitoring systems. Subpart 10 contains the requirements 
for design, installation, and maintenance of water monitoring systems at 
mixed municipal solid waste land disposal facilities. 

A water monitoring system measures ground water and surface water quality to 
determine 1vhether the facility containment is adequate. The functions of the 
water monitoring system are to allow early identification of·impacts on water 
qua 1 i ty and to determine 1vhether the facility's impacts on water qua 1 ity are 
within an acceptable range. Subpart 10 requires the facility owner or operator 
to provide a water monitoring system that is designed, installed, and maintained 
to serve these important functions. 

Subpart 10 relates to three other subparts in part 7035.2815. The sampling 
and analysis of water from the water'monitoring system is covered in subpart 14. 
Subpart 3, item H,' requires that the design and construction of the monitoring 
system be developed as the third phase of the hydrogeologic evaluation, after 
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determining the hydrogeologic conditions at the site and submitting a work plan 
describing the proposed monitoring system. Finally, subpart 9, item A, requires 
a leachate detection system, which may include collection lysimeters placed in 
the unsaturated zone immediately beneath the liner. This detection system can 
provide a measure of the effectiveness of the liner before leachate travels to 
the ground water. Because such installations can detect leakage beneath only a 
small portion of the total facility area, ground water monitoring is necessary. 

Item A requires the facility owner or operator to install a water monitoring 
system. Even the smallest land disposal facilities have been shown to adversely 
impact water quality and even ~~ell-designed facilities do not ensure total 
containment. The monitoring system is needed to assure that the facility 
performs as intended. More than ninety percent of Minnesota's permitted mixed 
municipal solid waste land disposal facilities already have some type of water 
monitoring system. 

Item A lists five outcomes that a water monitoring system must achieve 
through the design, construction, and operation. Subitem (1) requires the 
samples to be representative of the actual quality of the ground water or 
surface water being sampled. Improper design, construction and use of a 
monitoring system can provide a false picture of the water chemistry in a 
variety of ways. If the samples obtained are not representative of the actual 
water quality, the wrong follow-up actions may be required--corrective actions 
may be triggered falsely or may not be triggered when they should. 
Accomplishing this purpose will be more protective of the environment and public 
health, less expensive, and more timely. 

Subitem (2) requires that the water monitoring system must be able to 
distinguish the facility's impacts from background water quality. This 
condition is needed because water quality effects can be attributed to the 
facility only if they can be compared with, and shown to be different from, the 
quality of water unaffected by the facility. Background 1~ater quality can be 
determined by comparing water quality data collected before the facility is 
constructed with subsequent data, or by comparing upgradient and downgradient 
ground ~later quality or upstream and do1mstream surface water quality. 

Subitem (3) requires early detection of the release of pollutants. This 
provision is needed to avoid monitoring system designs that allow identification 
of a problem only after it has become widespread or severe. The cost and 
difficulty of corrective action, the damage to the resource, and the risk to 
water users normally increase over time. 

Subitem (4) requires that the 11ater monitoring system contain sufficient 
monitoring points to allow for definition of a polluted zone. This condition 
is needed because the concentrations and the areal and vertical extent of 
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pollution must be understood before risk and corrective actions can be 
finalized. 

Finally, under subiter.1 (5), the monitoring system must allo~J for sampling to 
determine 11hether the_ facility comp 1 i es with the ground 1~ater performance 
standards of subpart 4. This provision ensures that the monitoring system will 
allm1 water quality to be measured at the compliance boundaries. 

Subitems (4) and (5) are not meant to require all water monitoring systems 
to be extensive compliance monitoring systems. As explained in item C, the 
first aim of a monitoring system should be to detect a problem. Once pollutants 
are detected, the expense of adding monitoring points to define the polluted 
zone and to assure compliance with tl1e performance standards is justified. 

Item B requires the facility 01mer or operator to demonstrate that the water 
monitoring system is adequate to detect pollution. This information is needed 
for the Agency to assess the suitability of the monitoring system. 

Item B requires that the monitoring system be designed based on three 
factors: an evaluation of potential sources of leachate releases (subitem (1)), 
an evaluation of the hydrogeologic conditions at the site (subitem (2)), and 
points where water resources or water users are potentially impacted (subitem 
(3)). The monitoring system design is site- and facility-specific. No two 
sites are similar enough to all01~ for a simple formulation of a uniform system 
design, such as a minimum spacing distance between monitoring points. The 
design of monitoring systems includes positioning monitoring points in relation 
to the locations where pollutants leave the facility, the routes by which they 
will migrate, and the resources and users needing protection. 

The evaluation of potential sources of leachate releases, required in 
subitem (1), reflects that with lined facilities leachate is more likely to be 
released in certain areas. Leachate will flow across tl1e liner to spe~ific 
collection areas, and will build up to differing heights above the liner. The 
liner will be constructed in phases, each phase having been built under 
different weather conditions. Leachate collection and transmission pipes will 
extend through the liner ·to tanks, holding ponds, or treatment facilities, 
creating possible weak points in the liner and adding potential release·points 
outside the fill area itself. The facility owner or operator is required to 
conduct a failure analysis in support of the contingency action plan and the 
cost estimates for corrective actions. While this evaluation cannot predict 
failure points with certainty, the evaluation will help to locate monitoring 
points. 

The second design factor that the monitoring system design must be based on 
is the hydrogeologic evaluation required under subitem (2). The rationale for 
linking the monitoring system design to the hydrogeologic conditions has been 
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discussed under subpart 3. ·This linkage is fundamental to the success of the 
monitoring system, as the sampling interval of the monitoring points must be 
determined based on a knowledge of the ~drogeologic characteristics and the 
anticipated behavior of the leachate constituents. As noted in the discussion 
of subpart 3, item G, subitem (7), separate attention to soluble and 
lo~1-solubility constituents of leachate is needed. This is reasonable because 
soluble constituents move with the ground water, while constituents that do not 
dissolve in water will tend to rise or sink through the ground water and may go 
undetected in improperly designed monitoring systems. If lo~1-solubility 
constituents are abundant or are identified as a concern, the monitoring system 
may need to include separate monitoring points positioned at the water table or 
at the base of the aquifer. 

Finally, under subitem (3), the monitoring system must be designed after 
considering the locations of potentially affected water supply wells, other 
points where water is being used, and any surface waters where biological 
communities may be affected. The facility mmer or operator must consider the 
need for monitoring points, and the Commissioner may require monitoring points, 
positioned directly along the flov1 path between the facility and the potentially 
affected locations. This provision is needed because the potential impacts 
listed are of great concern. If a monitoring system complies with subitems (1) 
and (2), it may already comply with subitem (3), unless pollution has already. 
spread to the outermost monitoring points. In that case, tile need to monitor 
ground water moving toward water supplies and other potentially impacted areas 
is apparent. 

Item C lists six requirements concer~ing placement of monitoring points. 
Under subitem (1), monitoring points must be installed both upgradient and 
do~mgradient from the facility. Any aquifer that has do~mgradient monitoring 
points must also have one or more upgradient monitoring points because water 
quality do1-mgradient from a facility must be compared to concentrations present 
at locations unaffected by the facility in order to identify any impact from the 
facility. Points upgradient from the ·facility are the most logical locations to 
obtain this data. Upgradient monitoring is especially important when upgradient 
concentrations are elevated due to natural conditions or pollutant sources other 
than the facility. If background data are not available from upgradient 
monitoring points, impacts may be incorrectly attributed to the facility. This 
results in costly and unnecessary foll01~-up actions. Background data must be 
from the same aquifer to provide a valid comparison as quality may vary between 
aquifers. 

Subitem (2) requires the monitoring system to function as a detection 
monitoring system. The monitoring system must be designed to assure early 
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detection of pollutants originating from t}1e portions of the facility that have 
been identified as potential points of releases under item B, subitem (1). 
Pollutants entering ground water or surface water must be detected as early as 
possible. Pollutant migration increases the risks of affecting water users or 
violating performance standards. Subitem (2) allows the facility owner or 
operator to avoid installing a compliance monitoring system until i.t is needed. 
Subitem (2) effectively prohibits monitoring systems whose_ only monitoring 
points are located so far from the facility tllat it is questionable whether they 
are in the path of the water movement. 

The application of subitem.(2) is important in other Hays also. First, the 
Commissioner must use discretion in applying subitem (2) if pollutants have 
already migrated from a facility. The focus of monitoring at that point is 
defining the pollutant plume or determini~g the effectiveness of corrective 
actions. The detection monitoring close to the waste boundary is less important 
than monitoring near tile end of the plume. Second, the specific methods used to 
assure early detection may vary. In some cases, the appropriate system may be a 
line of closely-spaced monitoring wells or sampling points along the 
downgradient edge of the fill. In other cases, the preferred monitoring system 
may include additional wells, offset farther from the facility, lthich serve as a 
second line of defense in detecting discrete plumes migrating between wells in 
the first line. Finally, in cases where water pollution has not been detected, 
subitem (2) does not prevent the Commissioner frot~ requiring monitoring points 
on tile compliance boundaries or in other locations more remote from the 
facility. Hydrogeologic conditions, water use, or other factors may justify 
more extensive monitoring at a facility, although detecting pollutant releases 
is the first objective. 

Subitem (3) requires that once pollutants are detected and attributed to the 
facility, the monitoring system must be expanded to define the polluted zone and 
to measure compliance Hith the water quality performance standards. Appropriate 
follow-up actions can be developed only after defining the extent and severity 
of the pollution. The monitoring points in detec~ion monitoring systems 
normally are not sufficient or appropriately located to determine the extent and 
severity of the polluted zone. An alternative to the phased monitoring system 
described by subitems (2) and (3) is a system that tries to accomplish both 
objectives from the outset. This alternative does not meet the test of 
reasonableness because compliance monitoring is unnecessary and may be 
ineffective when pollutants have not yet been detected. Until pollutants are 
detected, the appropriate monitoring points for determining the extent of the 
plume or the effec~iveness of the corrective actions c~nnot be established. 

Subitem (4) requires that monitoring points be installed within aquitards, 
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confining units, and aquifers, as needed, to comply with the provisions of 
subpart 10. Aquitards are soil or rock units with permeabilities that permit 
only very sl01~ ground water movement. Confining units are aquitards that 
restrict ground water movement so that ground water above and below the 
confining unit may be under different pressure or hydraulic head. Monitoring 
only within aquifers is often insufficient. While aquifers constitute the most 
valuable ground water re~ource because they can yield useable quantities of 
water to wells, aquitards control the movement of pollutants to those aquifers. 
Aquitards may control v1hether pollutants reach an aquifer, hov1 fast they get 
there, and the paths they travel. Aquitards can so influence pollutant pathways 
that ,it may be impossible to predict where to position monitoring points without 
tracking pollutant movement through the lower-permeability materials. 
Therefore, it is necessary to monitor aquitards as well as aquifers. 

Subitem (5) requires water quality monitoring beneath an aquifer or aquitard 
already affected by leachate, unless the deeper ground water is not at risk. 
This provision ensures that monitoring stays ahead of a pollutant plume. The 
limits of tt1e polluted zone can be known only if monitoring extends far enough 
to determine its extent. The requirement to monitor lower aquifers or aquitards 
provides for determinations that ground water is at low risk when protected by 
very low-permeability clays or upward ground water movement, or when a plume is 
being collected and removed or is shrinking in size. 

Subitem (6) requires changes in the monitoring system when changes in land 
use, water use or· other factors alter ground water flow . .The monitoring system 
must be adjusted in response to changes in ground water flow. An example would 
be the installation of a high-rate irrigation well that has sufficient capacity 
to alter ground water flow. It may be necessary to add additional monitoring 
wells in the new direction of ground water flow. Including this provision in 
the proposed rules alerts facility owners and operators to the need for 
monitoring systems that reflect potential pollutant movements. 

Item D requires the use of nonconventional monitoring methods when 
monitoring wells do not work or do not provide the necessary information. 
Special designs may be called for in low-permeability soils to facilitate ground 
water flow into the well or to minimize the time lag between fluctuations in 
water level inside the well and hydraulic head outside the well. Special 
designs may be needed to accommodate continuous monitorJng devices where a 
greater frequency of monitoring is warranted. In cases where the geology is 
complicated and difficult to predict, or where a critical water supply is at 
risk, conventional monitoring alone may leave too much uncertainty about 
pollutant routes. Indirect methods such as surface resistivity or soil vapor 
analysis may be necessary adjuncts to monitoring wells. Nonconventional 
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installations are required only when the information they provide is needed to 
ensure the facility meets performance standards established to protect human 
health and the environment. 

Item D also allows the·Commissioner to require additional monitoring points, 
as needed, to monitor conditions other than ground water quality. These include 
hydraulic head, ground water or surface v1ater flow, leachate quality, and 
leachate movement in the unsaturated zone. Monitoring wells may not be designed 
to allow hydraulic head or direction of flow to be measured accurately. The 
unsaturated zone cannot be monitored with wells in the saturated zone. Methods 
to monitor these conditions are widely used and available at a reasonable cost. 
This monitoring will be required only when necessary. Separate monitoring 
points to measure ground water flow and hydraulic head will be required when the 
ground water flm~ conditions are not thoroughly known. or are subject to change 
due to seasonal or other fluctuations. Monitoring in the unsaturated zone may 
be required when saturated zone monitoring cannot reliably detect pollutant 
migration. An example is where a variably-permeable unsaturated zone may cause 
lateral movement above the water table. It should be noted that, under subpart 
9, detection monitoring may be required immediately beneath the liner to measure 
liner performance, regardless of the reliability of ground water monitoring. 

Item E requires the Commissioner's review and approval before constructing, 
sealing, reconstructing or redeveloping a monitoring point. If these activities 
are done improperly, they can affect the quality of the samples and even the 
quality of the ground water. The Commissioner's prior review of well 
construction and abandonment has been standard practice for several years. 
Prior approval by the Commissioner is not required for minor repairs, such as 
replacement of well caps and straightening bent casings. 

Item E requires Minnesota Department of Health (MDH) approval to construct a 
monitoring well that extends into any aquifer below the aquifer nearest the 
ground surface. Monitoring wells that interconnect aquifers could provide an 
artificial pathway for spreading pollutants to otherwise unaffected aquifers. 
MDH's review is to ensure that the monitoring 1~ell is designed and constructed 
to prevent cross-contamination. 

Item F requires that monitoring wells and piezometers be designed, 
constructed, maintained, and sealed in compliance with subpart 10 and with the 
MDH Water Well Construction Code (Well Code). The Well Code governs all water 
wells, including monitoring wells and piezometers. The Well Code provides 
controls on wells to ensure well construction by qualified personnel; prevent 
pollutant movement along the ~~ell and borehole; protect and maintain the well; 
and record well construction. 

Item G requires that monitoring wells be designed and constructed to be 



February 23, 1988 

-494-

durable, to prevent ground water or pollutant movement vertically along the 
well, and to prevent leakage at casing joints. Well design and construction 
must avoid opening new ~venues for the spread of pollutants, or erroneous 
sampling results due to pollutant movement through casing joints located above 
the sampling interval. 

Subitem (1) requires monitoring 1~ells to be constructed with materials that 
are not attacked or degraded by exposure to the chemical environment of polluted 
1-1ater. Materials such as black iron pipe commonly corrode and deteriorate. 
Stainless steel resists chemical attack under a variety of conditions and is 
often recommended as the material of choice for monitoring purposes (References 
88, 89 and 90). Inexpensive materials, such as polyvinyl chloride (PVC), can be 
used in some applications. However, PVC is permeable and subject to degradation 
by so~e organic solvents. 

Subitem (2) requires that the casing and screen be centered in the drill 
hole. This requirement ensures that tile filter pack and seal materials, such as 
cemeni grout or bentonite, are placed completely around the well casing to 
achieve a secure continuous seal. Centering is accomplished by attaching 
centering guides to the ~~ell casing and screen, or by plaGing the 1vell casing 
through a hollow-stem auger. Requiring centering and a secure seal prevents 
pollutant mig~ation along the well casing. 

Subitem (3) requires that any granular filter pack placed around well 
screens be insoluble~ nonreacti-ve, ~nd washed and blended for use in filter 
packs. Silica sand is required for filter pack except where this is infeasible 
and approval is granted by the Commissioner to use other materials. A filter 
pack prevents sediment movement into the 1~ell, enlarges the effective radius of 
the 1vell, and enhances the hydraulic connection to the earth materials 
surrounding the well. The filter pack also extends the long-term integrity of 
the well by preventing clogging and slowed water movement into the well. 
Hlstorically it has been common practice to use either a few standard blends of 
sand and gravel, or pit-run gravels depending on what is cheap and available 
nearby. This often results in a well that produces sediment or a filter pack 
that deteriorates over time and impedes flow into the well. Silica sand is 
recommended for use in filter packs because it resists chemical change 
(Reference 88, p. 6~). Silica sand is available and commonly used for 
monitoring wells. Requiring its use in monitoring wells was recommended by 
monitoring consultants. The provision to allow alternate materials is 
reasonable because silica sand could be impractical in some cases, such as in a 
fractured or cavernous bedrock, where very large quantities of filter materials 
may be needed to fill voids. 

Item H contains provisions designed to minimize introduction into a well of 



February 23, 1988 

-495-

foreign substances that may interfere witrl 1vater quality analyses. It is 
recognized that oils, sol vents, and other contaminants may be present in or on 
casing and screen materials, in drilling fluids and additives, in well seal 
materials, and on drilling equipment or personnel. Contaminants may sho~1 up in 
sampling, which can result in expensive and unnecessary follow-up actions. Some 
well and filter pack materials may also attenuate selected pollutants, causing 
sample quality to be better than actual ground 1vater quality. It is reasonable 
to avoid these conditions because the Agency and the facility owner or operator 
want ground water samples to accurately represent ground water conditions. 

Subitem (1) requires the Commissioner's approval· to use drilling additives 
and ~1ater from other sources 1~hen installing a monitoring ~~ell. These additives 
are potential contaminant sources that cannot be fully removed from the 
drillhole. Drilling muds are widely used with rotary drilling methods. Muds 
are used largelyto prevent collapse or caving of noncol1esive soils. There may 
be no alternatives to using drilling muds in so1ne instances. The rule 
reasonably allows the)tommissioner t6 review each case and to require removal of 
the drilling additives, if they will interfere 1vith l>ater quality analyses. The 
rule also allows the use of additives if they will not compromise subsequent 
analyses or if alternative metl1ods are not feasible. 

Subitem (2) reasonably requires clean well materials and drilling equipment. 
Drilling cables are specifically mentioned in response to a comment cautioning 
that limiting the use of drilling muds might encourage more use of cable-tool. 
drilling methods. Drillers not sensitive to the demands of monitoring well 
construction may use greased cables. This may result in contamination of the 
water quality samples. Requiring the use of clean equipment prevents 
contamination of water quality samples. 

Subitem (3) requires cleaning of co~taminated equipment to avoid introducing 
contaminants to unaffected areas. This requirement compels well construction 
methods that protect the quality of water samples. 

Item I allows the Commissioner to authorize the use of well materials that 
cause analytical interferences if the facility owner or operator provides 
another monitoring point that allows sampling to detect those substances. An 
example would be the use of plastic pipe that might interfere with analyses for 
organic compounds but is suitable for inorganic analyses, along with a separate 
monitoring point constructed of steel for monitoring organics. This provides an 
option that a facility mmer or operator may prefer to the use of more expensive 
inert materials. 

Item J requires that the monitoring well design be based on the 
hydrogeologic and hydraulic characteristics of the site. Wells cannot be 
designed properly without considering the soils and ground water conditions of 
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the site. Improperly designed wells fail to perform in various ways. For 
example, they may produce sediment or may mix water from different depths and 
fail to detect pollutants. The practices used in designing wells should fit the 
site conditions. 

Subitem (1) requires written justification for using a sampl.ing interval 
longer than five feet, or ten feet for water table wells. Longer intake 
intervals result in blending of waters from different depths. This results in 
dilution of the highest pollutant concentrations. This dilution creates a false 
picture of the actual water quality and could cause pollutant concentrations to 
fall beloH the limits of analytical detectability. The provision allows the 
Commissioner to permit a longer screen when the facility owner or operator 
provides a rationale and supporting information. Long screens are sometimes 
appropriate when the objective is to detect ,but not quantify ground water 
pollution. 

Subitem (2) requires monitoring wells to be designed, constructed, and 
developed to allow ground ~1ater to flm~ into the well and to exclude sediment. 
Installation practices and the use of narrow screen openings often result in a 
poor connection between the well and the formation, especially in 
lower-permeability soils. In these cases, the well may take a much longer time 
to refill after ba i 1 i ng. The excessive time for recovery can result in a change 
in sample chemistry due to exposure to air. A well's hydraulic connection to 
the aquifer can be improved by proper sizing of screen openings and well 
diameter, using filter packs, removing drilling muds and natural fines, and 
development after installation. Measures to reduce flow velocities through the 
screen are commonly recommended for water supply wells to reduce the build-up of 
encrusting deposits that may eventually plug the screen openings (Reference 91, 
pp. 450-453). Monitoring wells are pumped much less often than water supply 
wells. However, tt1e requirement is also appropriate for monitoring wells. The 
facility mmer or operator meeting this requirement avoids possible changes in 
sample water chemistry due to pressure changes during rapid flow through 
constricted screen openings. This problem is easily avoided by using screens 
that have enough total open area to minimize intake velocities. Sediment entry 
into the well must be minimized because sediment can alter sample water 
chemistry, interfere with analysis, and gradually fill in the well screen. 
Again, properly-sized screen openings,.filter packs, low intake velocities, 
clean installation techniques, and proper development ca~ minimize or eliminate 
sediment entry into the well. 

Item K requires monitoring 1~ells to be clearly and permanently marked with 
a Minnesota Unique We 11 Number (Unique Number) and with the well 's common 
identification if different from the Unique Number. A Unique Number is a 

\ 
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six-digit number used by well drillers, the Minnesota Department of Health and 
the Minnesota Geological Survey to uniquely link the well log, location, initial 
water quality sample, and other information to that well. This requirement 
enables sampling personnel, surveyors, Agency staff, ·drillers and maintenance 
personnel to distinguish between wells. The requirement to use both the Unique 
Number and any common name is justified because successive wells are often 
referred to by the same or similar common names, so the Unique Number is needed. 
In practice, those who use the well routinely prefer a convenient and easily 
remembered name. Familiar designations such as "Well 4~' or "S-2" should also be 
sho~m. 

Item L requires monitoring wells to be protected from damage and 
unauthorized access as required in the Well Code. Wells must be fitted with a 
locked metal cap for additional security. This condition protects monitoring 
wells from'damage by site activity. Compliance will ensure that sample water 
quality is not affected by vandalism, sabotage, or other tampering. Monitoring 
wells are targets for vandals. A locking cap provides added security and will 
show evidence of tampering. A variety of locking caps are available from 
drilling equipment suppliers and are standard features at regulated waste 
facilities. 

Item ~1 requires development of monitoring 1vells. Development is the process 
of removing sediment from within and around the well screen after the well is 
installed. This is accomplished by a variety of techniques. Under different 
soil conditions, development may require minutes to hours before the well yields 
sediment-free water. Development is needed to clean the well, filter pack, and 
the soil or bedrock formation around the screen before the well is sampled, so 
that the well produces sediment-free water. The reasons for avoiding sediment 
were discussed under item J above. Even in lov1-yielding soils not suited to 

_aggressive development techniques, gentle development can produce cleaner 
samples more representative of actwal ground water quality. 

Item M further requires a suspended solids analysis after development. This 
is needed and reasonable because it enables evaluation of well development and 
the residual sediment yield after development. The depth measurement required 
after development is needed and reasonable to verify that sediment dra1vn into 
the well during development has been removed. Removed sediment cannot plug the 
screen or interfere with sampling. The provision authorizing the Commissioner 
to require additional measures to remedy a sediment problem is needed because 
sediment may interfere with 1~ater quality analyses. The Agency recognizes that 
in some silts and silty sands, it may be very difficult to eliminate sediment. 
In most cases, a combination of proper screen and filter pack sizing, 
development, and sampling technique can result in a well that yields acceptable 
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analytical results by controlling sediment. 
Item N requires the facility owner or operator to conduct a simple field 

test to determine how much water must be removed from the well before water 
samples can be taken. Stagnant water inside the well is in contact· with air. 
This water has a different chemical composition than the water surrounding the 
well. This water must be removed and replaced by water fresh from the 
formation before_a representative sample can be collected. The technical 
literature commonly recommends conducting a stabilization test, recovery ~ate 
test, or other evaluation for each well (References 88, pp. 111-112; 89, 
pp. 102-104; 90, pp. 29-30; 92, pp. 43-53, 59; 93, pp. 7-10). The stabilization 
test is a series of chemical or physical measurements taken during the 
evacuation of a well. Stabilized readings indicate that the necessary amount of 
water has been withdrawn. The recovery rate test is used in 101~-permeabil ity 
soils. This test measures the rate at which the water level recovers after the 
well is drawn down. These tests are recommended each time a sample is 
collected. The test results indicate when the sample can be drawn. The 
requirement to conduct an initial test provides a reasonable reference point to 
plan future sampling equipment and time needs. 

Item 0 is the first of three items requiring records to be kept of 
monitoring point construction. Item 0 requires accurate records of the soil or 
bedrock types encountered during construction. This provision acknowledges that 
sampling results can be understood only in relation to the hydrogeologic setting 
from which the samples were obtained. Features such as clay layers and sand 
lenses may greatly influence pollutant movement. These features must be 
identified during drilling and recorded to permit accurate interpretations and 
predictions about pollutant migration. The soils records must be those required 
for soil borings in subpart 3, item F, unless the Commissioner approves 
otherwise. These requirements include classification and laboratory 
examination. Undisturbed samples must be obt~ined during construction of a 
monitoring point. Accurate hydrogeologic evaluations require high quality soil 
samples. Common drilling practices can provide suitable samples. 

Item 0 allows the Commissioner to approve alternative drilling or logging'· 
procedures if the requirements are unnecessary or infeasible. Examples include 
use of the rotary method when alternative methods are not feasible and the use 
of a soil log from an adjacent monitoring point. The rule requires the facility 
owner or operator and the driller to report an unanticipated change in drilling 
method after completing the drilling. This prevents expensive down time while 
the Commissioner reviews the change of plans: However, the facility owner or 
operator accepts the risk that the change will not be acceptable. 

Item P requires a 1~e ll record to be submitted within 30 days after 
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installing or sealing a monitoring point. This requirement compels the facility 
owner or operator to provide the information needed to interpret results 
~btained from the well and to evaluate the adequacy of the procedures used. The 
requirement provides time for the driller and the facility owner or operator to 
assemble and submit the well record. The 30 days is the same period required by 
existing t1inn. Rules pt. 4725.6800 for submittal of water well records to the 
Minnesota Commissioner of Health. 

Subitems (1) and (2) pertain to 11ell construction and well abandonment, 
respectively. Subitern (1) requires the well construction record to include 
several components. A detailed log of the soils encountered and 1~ell 

construction is required as discussed regarding item Q below. The Minnesota 
Unique Well Number is required for the reasons discussed under item K above. A 
copy of the Department tif Healtl1 log is required as a check on the accuracy of 
the log developed for the Agency under item Q. 

Submittal of geophysical logs is required because they car; ;·nvide 
additional information about soils and ground water conditions. For example, 
geophysical logs can provide more accurate elev'ations of contacts between soils 
and the water table, and more insight into the degree of soils layering or 
variation than is possible through periodic samples. Well development and 
suspended solids data are needed for the reasons discussed under item M above. 
Stabilization or recovery rate testing are needed for the reasons given under 
item N. Submittal of the results of other measurements and tests is reasonable 
because these tests yield information about the hydrogeologic conditions that is 
important to understand ground water flow and pollutant migration. 

Finally, the dated and revised plan sheet showing the location of the 
monitoring well enables all users and inspectors of the facility to locate all 
wells. If ground water pollution is detected, many new monitoring points may be 
installed, causing plan sheets to become obsolete. The requirement that 
locations be surveyed to the nearest foot is needed because monitoring wells 
commonly-have been destroyed and buried by construction equipment. The wetls 
must be located so that they can be rebuilt or properly sealed. If the 1~ells 

are not rebuilt or properly sealed, they become transport routes for pollutants. 
Surveying techniques easily achieve the stated degree of accuracy. 

Subitem (2) contains the requirements for a well sealing (abandonment) 
record. The information required is needed to evaluate whether the sealing 
procedures were adequate to prevent pollutant movement along the abandoned 1~ell 
and to connect the record (by name, Unique Number, and surveyed location) to the 
construction log for the 1-1ell. A surveyed location enables locating sealed 
wells in the future, if they come into question as,a possible avenue for 
pollutant migration. The rule avoids duplication by allowing a copy of the 
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report required by the MDH to suffice, if it contains the required information. 
Subitem (3) requires that the accuracy and completeness of the records 

submitted be verified by the person who actually constructed or sealed the well. 
Under Minn. Stat. § 156A.03, this person must be a licensed water well 
contractor or a professional engineer registered with the MDH under the 
provisions of the Well Code. This provides further assurance, based on the need 
to comply with the law in order to maintain a license or registration, that the 
well log is accurate. 

Item Q contains the information requirements for the .soils and well 
construction log. This is the central component of the monitoring point record 
required in item P. The log consists of a graphic depiction of the way the well 
was constructed. The log also depicts the soils or bedrock conditions 
surrounding the well. The log is fundamental to understanding where the water 
entering the well .is coming from, and for describing and correlating soils on 
the site. Because of the amount of information the log must convey, the common 
practice of displaying this information is a vertical cross-section drawing. 

Some of the information required in subitems (1) to (10) goes beyond what is 
identified on MDH's standardized Water Well Record form required under Minn. 
Rules pt. 4725.6700 (Reference 94). The additional information reflects a 
difference in the responsibilities and concerns of MDH and the Agency. Under 
Minn. Stat. ch. 156A, MDH is charged with regulating well construction to 
protect the health of well water consumers and to ensure that well constr~ction 

practices do not create pathways for possible pollutant migration between 
aquifers. The Agency must assure that samples obtained from a well are 
representative of ground water qual-ity within a discrete, known position in the 
three-dimensional ground water flow system. 

Subitem (1) requires a description of the well casing as required by MDH. 
The influence of casing material on sample chemistry has been discussed under 
item H above. Casing diameter controls the size of the sampling and evacuation 
devices that can be inserted. Casing diameter also affects the width of the 
annular space around the casing available for seal materials and filter packs, 
and the volume of water in the well. The casing schedule number, standard 
dimension ratio, and wall thickness are measures of the casing strength. 
Requirements for casing strength are gi~en in the Well Code. 

Subitem (2) requires information about the well screen. As with the casing, 
some screen material can interact with the water and potentially alter the water 
quality. A variety of screen material is available. Each is suited for 
monitoring different contaminants. Identification of the screen material, 
product name, and description is a reasonable method for determining the 
strength of the screen, the potential for undesirable electrochemical (galvanic) 
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reactions between the screen and casing, and the total area of the openings 
available for water movement into the well. The Agency and the 1vell dril.ler 
must know the opening width to determine the size of particles that can pass 
into the well, the well driller's ability to agitate the soil or filter pack 
during well development, and the ease of water movement into the screen. 

The only information in subitem (2) that is not also required on the MDH 
Water Well Record form is the type and direction of alignment of openings and 
the type of screen bottom. The type of openings, including factory milled 
slots, continuous wire wound, and hand-sawed slots, can affect the chemical 
interaction with the water, the total open area of the screen, screen strength, 
and the uniformity of the slot widths. Hand-sawed slots are not recommended. 
Openings are normally horizontal, but may need to be vertical if devices for 
measuring ground water flow direction are to be used. Finally, the Agency must 
know whether the well has a bottom cap to exclude sediment, or whether there is 
another section of casing below the screen serving as a sump for collection of 
water, sediment, or dense insoluble organic pollutants. 

Subitem (3) requires reporting the methods and materials used to join the 
component pieces of the casing and screen. This information identifies the 
strength and security of the couplings, the likelihood of leakage through the 
joints, and the possibility that any solvents, adhesives, gaskets, greases, 
welding fluxes, or other materials applied to the joints may contaminate water 
samples. 

Subitem (4) requires information on the granular filter pack installed in 
the annu 1 ar space surrounding the 1ve 11 screen, if a filter pack was used. The 
reasonableness of requiring this information has been discussed under item G, 
subitem (3) above. Information on the quantity of filter pack can be used to 
verify whether the pack covers the entire screen or 1 eaves P!lrt of the screen 
exposed to finer-grained formation and backfill material, grout, bentonite, or 
other annular seal materials. 

Subitem (5) requires details on the annular seal material. The information 
provided is used by the Agency and the facility owner or operator to assess the 
strength and security of the seal; the likelihood of cracking or shrinkage; the 
susceptibility of the material to penetration by pollutants; and the possibility 
that the seal material will act as a source of pollutants. For example, some 
monitoring wells at Minnesota land disposal facilities have yielded high pH 
measurements long after installation. This condition could be attributed to 
ground water pollution when a cement grout is the actual source of the 
a 1 k a 1 in i ty. 

Subitem (6) requires the elevation of the top of each casing, surveyed to 
the nearest 0.01 foot. This degree of accuracy is needed to determine gr6~nd 
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water flow direction at sites ~lith very slight hydraulic gradients. Gradients 
are determined based on the hydraulic head difference between two points. If 
this difference is very small, the flow direction (gradient) cannot be 
determined without the accuracy required in this subitem. Standard surveying 
practices yield elevations accurate to 0.01 foot. The provision for surveying 
the top of each casing is needed and reasonable because wells normally contain 
both an inner and outer casing. Both elevations are needed to ensure the 
accuracy of water level measurements because the top of either casing might be 
used as the reference elevation. 

Subitem (7) requires elevations of other components of the monitoring well. 
Each of these will assist in judging the overall performance of the well. The 
elevations in subitem (7) can be determined by direct measurement of the casing 
or screen, drill string, or depth, then subtracting this length or depth 
measurement from the surveyed elevation required under subitem (6). The 
accuracy of elevations in subitem (7) will not be required to the nearest 0.01 
foot. These elevations yield information on the length of the screen; the 
separation between the top of the screen and the bottom of the annular seal; the 
locations of casing diameter changes; and other features that may affect 
geophysical logging, well development, the insertion of sampling devices, or 
other observations, and the length of any drilled interval below the bottom of 
the screen. This information makes all details available if future work needs 
to be done on the well. 

Subitem (8) requires information on .the drilling and installation 
procedures. Knowing the type of drilling rig used may yield insights about 
grout placement, the quality of cutting materials removed from the hole, or 
other procedures followed. This information might not be otherwise obvious from 
the v1ell construction details. Knowing how the well, filter packs, andgrout 
were installed will help in judging lihether they will effectively perform their 
functions. Drilling fluids are potential sources of certain pollutants that may 
be found in the analysis of samples. Cleaning procedures vary in effectiveness. 
Inadequately cleaned mate~ials or equipment may yield contaminated samples. The 
information required under this subitem improves the Agency's and facility 
owners' or operators' abilities to evaluate water quality results. 

Subitem (9) requires noting pertinent observations during drilling and well 
installation. This is normal practice. Such observations are indicative of 
conditions that may affect the performance of the 1vell or may help in defining 
the soil conditions. Typical observations include the loss of drilling fluids, 
whi.ch may reveal the presence and locations of voids; cave-ins, which may 
indicate a change in soil material type, structure, or degree of saturation; and 
changes in the ease of drilling, which define the elevation of changes in soil 
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type between soil samples: 
Finally, subitem (10) requires information on any pump, sampling device, or 

measuring device permanently installed in the well .. The pump type, model 
number, capacity, and other.information indicate the rate at which the well can 
be evacuated and sampled. The methods and materials used to suspend or secure 
the devi~e must be documented. The device dimensions determine the amount of 
free space available between the device and the well casing. The placement of 
the intake area indicates how much available drawdown there is and whether the 
pump could expose the screen to air or cause undesirably high inflow rates 
through the screen openings. This information is necessary to evaluate whether 
the device or its installation may be the source of trace-level pollutants. 
Finally, the type and location of the power source is needed to evaluate 
equipment needed to sample the well. 

Item R specifies the requirements for piezometers. Piezometers are used 
only to measure water levels and are not required to meet the standards of a 
monitoring well. Therefore, it is reasonable t6 exempt piezometers from the 
requirements of items H, I, N, and S. Items Hand I are requirements to protect 
water samples from pollutants introduced during the construction of wells. 
Item N addresses the preparatory steps to obtaining a water sample. ItemS 
addresses requirements for surface water monitoring points. These requirements 
are unnecessary for piezometers since they are not intended for use as sampling, 
points. Piezometers must accurately measure hydraulic head and whether water 
levels change synchronously with the changes in hydraulic head in the formation. 
Time lags in 1~ater level can be appreciable in low permeability soils. These 
lags can lead to inaccurate interpretation of permeability test data and of 
ground water flow directions. Piezometers can be designed to give accurate data 
by adjusting variables such as the diameter of the intake area and riser pipe or 
tube. Under extremely low permeability conditions, the rule authorizes the 
Commissioner to require alternative designs, such as pressure transducers, to 
obtain information on hydraulic head. 

Item S contains three· requirements for surface water monitoring. Surface 
water monitoring requirements will be determined based on site-specific 
conditions because of the differences in water quality and flow rates among 
rivers, streams and lakes. 

Subitem (1) requires a permanent marker adjacent to the sampling location. 
This condition ensures successive samples are taken from the same location. 
This consistency ·makes it easier to compare data from one sampling to the next. 
Subitem (1) reasonably allows alternative measures when the .sampling locations 
are off the faci 1 i ty owner 1 s or operator 1 s propertY·. 

Subitem (2) makes the general requirement of item A, subitem (2), more 

., ' 
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specific for stream sampling. To e~able comparison of potentially affected 
water to unaffected water, subitem (2) reasonably requires monitoring 
upstream; downstream, where mixing and dilution have had their effect; and in 
the area where the potential impacts would be greatest, namely, where the ground 
water pollutants discharge into the stream at the highest conc~ntrations. The 
area where the maximum probable pollutant concentrations in ground water 
discharge to the surface water usually can be estimated based on the 
hydrogeologic conditions, the distance to the stream, and th~ stream 
configuration. 

Subitem (3) requires notification and revision of plans within 30 days after 
establishing a surface water monitoring station. This condition is needed for 
the same reasons discussed under item P. 

·' 
Item T establishes requirements for inspection and maintenance of monitoring 

points and markers. These installations must be inspected by sampling personnel 
when they sample or measure the well. Annual inspections must be done by the 
facility owner or operator. This ensures that a person with direct 
responsibility for the monitoring points checks their condition regularly. 
Damage or other conditions that may interfere with the use of the monitoring 
point must be repaired within 72 hours. Otherwise, the monitoring point must be 
properly sealed 1~ithin seven days. The \Jell Code requires these prompt response 
times to prevent pollutant migration into the well and to restore the usefulness 
of the monitoring point. Immediate resurveying 1~ill ensure the facility owner's 
or operator's ability to measure water elevations accurately without delays. 
Finally, a reasonable time period of 30 days is allowed to submit revisions of 
the 1·1ell log and facility plans to reflect the current elevations.· These 
revisions are needed to prevent erroneous water level measurements. Maintaining 
the date of the change and the previous top-of-casing elevation on the plans 
ensures that depth-to-water measurements made before change in top-of-casing 
elevation can be converted to accurate water elevations. 

Subpart 11. Gas monitoring, collection, and treatment system. The 
decomposition of mixed municipal solid waste produces gases. Of these, methane 
gas becomes the dominant component when decomposition occurs in the absence of 
oxygen. Methane gas is explosive and presents a safety concern as well as an 
environmental concern at land disposal facilities .. Methane gas moves through 
subsurface soils much in the same way liquids travel through soil, that is, it 
follows the path offering the least resistance. The path is.one containing 
large pore openings compared to the gas molecule and does not contain liquids or 
some other medium plugging the pore openings. The ability of methane gas to 
move for great distances at a fairly quick rate compared to ground water 
makes it essential to institute safeguards at land disposal facilities to 
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protect on-site structures and nearby off-site structures. Equally as important 
is the protection of vegetation on and off the facility property. 

The existing solid waste rules prohibit the migration of explosive gases 
from the land disposal facility. However, no specific guidelines are given on 
acceptable gas concentrations at the facility or on the type of monitoring that 
should be provided to ensure gas migration is not·a problem. In 1979, the 
EPA promulgated the "Criteria for Classification of Solid Waste Disposal 
Facilities and Practices," 40 CFR Part 257, regulating the concentration of 
explosive gases in facility structures and at the facility property boundary. 
Specifically, sections 257.3 to 257.8 require that the concentration of the 
explosive gases not exceed 25 percent of the lower explosive limit (LEL) in 
facility structures and not exceed the LEL at the property boundary. The Agency 
proposes to include this performance standard in the revised solid waste rules 
with a slight addition. The Agency believes that exceeding 25 percent of the 
LEL should be prohibited in facility structures. The Agency also believes the 
25 percent LEL level should not be exceeded around facility structures within 
any on-site monitoring point, and has expressed this in the rule language. 
Reference 47. 

The Agency believes the proposed performance standards for explosive gas 
concentrations to be reasonable. Without proper monitoring and control of the 
build up of explosive gases, life-threatening situations may arise on and off 
the site. The inclusion of barrier liners under the waste fill area has 
increased the potential for· increased pressure due to gas retention in the fill 
area. This may cause eventual blow-outs to release the pressure from the fill. 
Facility owners and operators are required by federal l a1-1 to meet these 
performance standards. By including the standards in the proposed rules, the 
Agency alerts facility owners and operators of these requirements without an 
increase in effort. 

Item'A contains the monitoring requirement for land disposal facilities. 
The gas monitoring system must be capable of monitoring gas build-up in·a 
facility structure and at the property boundary. This standard is consistent 
with the federal criteria in effect for solid waste management facilities. 
Including this provision in the proposed rules advises facility owners and 
operators of the federal criteria and the Agency's intent to enforce the 
standards. It is important to monitor on-site structures for gas build-up 
because of the explosive nature of methane. Monitoring at the property boundary 
is needed to ensure the explosive gases are not migrating away from the fill 
area to nearby homes, endangering the residents of these homes. Monitoring 
provides a quantitative check on visual indication~ that gas is migrating fUt of 
the fill area and placing human health and the environment at risk. Visual 
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indications of gas migration include vegetative stress, the bubbling of liquids 
out of the fill area, and cracks in the final cover. Monitoring for explosive 
gases is a reasonable requirement to ensure the safety of human health on and 
off the land disposal facility. Uncontrolled gas migration ~1ill result in 
increased erosion (sedimentation loss) and increased leachate generation through 
the increase in moisture in the fill from the loss of cover and cracks in the 
cover. Monitoring permits corrective actions to be taken before these problems 
occur. 

The Commissioner will establish the monitoring requirements for each 
facility. The monitoring requirements 1~ill include water quality parameters 
that indicate gas migration as well as direct measurement of gas concentrations. 
The monitoring requirements will be established in the permi~. closure document, 
order,·stipulation agreement or other enforcement document governing facility 
operations. Monitoring is intended to ensure the compliance with performance 
standards. The Agency considered specifying monitoring type and frequency in 
the proposed rules, but determined that this would be too stringent and would 
not allow for site-specific characteristics. The proposed requirements allow 
for determining the type and frequency of monitoring on a case-by-case basis. 
Factors that need to be considered in establishing a monitoring program are soil 
conditions, hydrogeologic conditions, location of facility structures, and the 
property boundary. These factors control the rate and extent of gas migration. 
Because of the variability in site conditions, monitoring requirements are 
established for each facility in the document regulating facility operations. 

The monitoring system must include field inspection to detect odors and 
signs of vegetative stress, and portable or inplace monitori.ng probes to monitor 
explosive gases. Although methane does not have an odor, many other gases, 
usually present in lesser amounts, have very distinctive odors. Thus, the 
presence of these odors may indicate the release of gases from the fill area and 
the potential for methane gas to be present at dangerous concentrations. 

Gases generated at land disposal facilities can be harmful to vegetation 
growing at the facility. The gases collect around the plant roots in the pores 
of subsurface soils. The presence of the gases inhibits the movement of water 
to the plant through the roots bec;ause the pore space is filled by gases. 
Vegetation will show signs of stress if gases are present by turning yellow and 
withering. 

If monitoring probes are to be effective, they must be maintained. It is 
important that a regular schedule for checking these probes be established. 
Field inspections are a reliable method to determine the migration of gas and 
the con~tion of the moni-toring .system. Therefore, field inspections are 
included in the monitoring program for each facility. 
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Item B discusses the placement of gas monitoring probes at a land disposal 
facility .. The probes must be placed between the disposal site and on-site 
structures or property lines. The probes must be placed no closer to the 
property l.i nes than the compliance boundary. The Agency believes it is 
important to discover the migration of explosive gases before they put human 
health or the environment at risk. Therefore, the Agency proposes that 
monitoring probes be placed at locations betweeh the fill area and the potential 
area of concern. By monitoring away from facility structures or the property 
lines, the facility o~mer or operator has time to institute corrective actions 
before performance standards are violated and human health or the environment 
is placed in jeopardy. 

The Agency decided to limit the placement of monitoring probes to no closer 
to the property line than the compliance boundary for two reasons. First, the 
hydrogeologic conditions are best defined at the compliance boundary. In most 
cases, ground 1vater monitoring wells will be placed at the compliance boundary 
to determine compliance with the performance standards for the release of 
pollutants to the ground 1vater. By understanding the hydrogeologic conditions, 
the facility owner or operator will be able to establish gas monitoring probes 
at the most likely location and depth that first signs of gas migration will 
occur. The second reason for establishing the compliance boundary as the gas 
monitoring location deals with maintenance of the monitoring probes. Because 
ground water monitoring wells will also be located along this boundary, the 
areas will be well-marked and protected to ensure facility operations do not 
destroy the monitoring points. Thus, the Agency believes this requirement 
ensures early warning of potential gas migration hazards. 

If the facility owner or operator believes that monitoring probes are 
unnecessary or infeasible, the owner or operator must submit reasons and 
evidence to justify this conclusion. If the Commissioner concurs with the 
submittal, monitoring probes will not be required at the facility. The 
Commissioner's decision 11ill be based on the waste characteristics, fill size, 
surrounding soils, the water table depth, and the proximity to occupied 
buildings. The facility owner or operator must shmv how existing site 
conditions and facility operations will prevent the migration of explosive 
gases. Facility owners and operators should have the option to utilize methods 
other than permanent monitoring probes to provide the same assurances that human 
health and the environment are not at risk. By allowing this flexibility in 
rule rather than through a variance request, the Agency provides a reasonable 
approach to permit and operate land disposal facilities based on site-specific 
conditions rather than design standards that may not be applicable in all 
situations. 

.• I 
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Item C requires probe depths and locations to be based on the soils, site 
geology, depth of fill, water table, and depth of frost. As discussed earlier, 
these conditions greatly influence the amount and extent of gas migration at a 
facility and must be considered in the design of the monitoring system. 

Item D establishes the minimum requirements for gas control mechanisms at 
mixed municipal solid waste land disposal facilities. The proposed design 
requirements included in subparts 6 through 9 contain provisions to control the 
migration of pollutants contained in leachate out of the fill area. The very 
facility components that minimize the amount of leachate generated at a disposal 
facility and the movement of leachate out of the fill area cause the build up of 
explosive gases within the fill area. Allm1ed to continue, the build up of 
gases within the fill area greatly increases the potential for fires and 
explosions. In order to minimize these risks, preventive measures must be 
designed into the fill area. At a minimum, under the proposed-rules, each 
facility must be designed and constructed with gas vents. The number and 
placement of the gas vents must release gas pressure in the fill area to prevent 
ruptures of the cover system and to encourage vertical gas migration. 
Encouraging vertical migration of gases out of the fill area decreases the 
potential for disruption of the cover system and for the migration of gas out of 
the fill area through the leachate collection system. Encouraging vertical 
migration of gases from the fill area by means of vents through the cover system 
provides a reasonable approach to controlling gas migration avoiding expensive 
forced aeration systems that include gas treatment. Passive ventilation as a 
mini mum design standard pro vi des fac i 1 ity o1mers or operators the opportunity to 
use a less sophisticated method of controlling migration. 

Item E requires gas control systems to be located near the fill area and 
to extend to the water table or to a subsurface soil capable of impeding gas 
movement. Water acts as a natural barrier to the movement of gas because the 
gases generated at land disposal facilities are not soluble in water. Low 
permeability soils, which have small pore openings, or rock formations, also 
serve as barriers to the movement of gases. Gas control systems should be 
located near the fill area to collect gas before it has an opportunity to impact 
large areas and to minimize the effort needed to control the gas. The control 
system must be located at a depth capable of impeding gas movement and must 
increase the probability that the maximum amount of gas is contained. By using 
existing site conditions in controlling gas movement, the facility owner or 
operator will minimize the cost and type of control systems for the facility. 

Item F establishes the minimum criteria that the Agency will use to evaluate 
the design of gas collection systems used at land disposal facilities. The size 

' of the gas collection system must be based on the volume and type of waste 
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received at the facility. The decomposition of mixed municipal solid waste in 
an environment without oxygen generates methane as the primary gas. Theoretical 
values on the amount of gas generated per pound of waste being decomposed range 
from 1 to 8 cubic feet per pound of waste decomposed. Reference 83. Using 
these numbers, the facilitY owner or operator can design the size of a gas 
collection system. It is reasonable that the size of gas collection systems be 
based on numbers generated from the waste deposited at the facility because that 
process acknowledges the importance of understanding the fundamental processes 
at work at a land disposal facility. The more organic wastes included, e.g., 
food wastes and paper, the higher the values for methane generation that must be 
used. Sorted mixed municipal solid waste can result in less gas generation 
because of the lack of carbon for methane formati~n. 

The facility owner or operator must determine the need for a gas collection 
system and discuss in the engineering report h01~ the need for the facility was 
determined. The Commissioner will revie11 the facility 01~ner's or operator's 
determination during the permit review process and again at closure. The Agency 
ackn01~ledges that gas collection systems may not be necessary at some land_ 
disposal facilities. Therefore, the Agency allo~1s facility mmers and operators 
to review the site-specific conditions associated with a facility and evaluate 
whether a gas collection system is needed or feasible. Experts working on 
designing and installing gas collection systems have indicated that facilities 
of sizes less than one million tons in-place and less than 50 feet deep are not 
large enough to generate sufficient volumes of gas on a continuing basis to make 
collection, treatment, and utilization of the gas cost effective. It is 
reasonable to allow the facility mmers and operators to conduct this evaluation 
rather than mandating gas collection systems at all land disposal facilities, 
thus forcing the facility owners and operator~ to request variances from the 
requirement 1~hen necessary. 

Approval of a gas monitoring system will not limit future requirements for 
gas collection and treatment determined necessary by the Commissioner based on 
the volume of gas generated at the facility, the proximity to residential or· 
business property, or problems experienced at the facility in maintaining 
vegetative growth or accumulation of gas in site structures. This rule informs 
facility owners and operators that a determination at permit issuance that a gas 
collection system is not required does not close the issue forever. This is 
particularly true for smaller, mo.re remote facilities. It is possible that 
these facilities originally will be considered to be of such a size and location 
that a gas collection system is unnecessary only later to find that the final. 
cover for. the facility cannot be established due to gas problems. Additionally, 
the Agency cannot control the location of residences near a land disposal 
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facility. This is a zoning issue outside the Agency authority. If new 
residences are built near the facility, it may become necessary to install a gas 
collection system to control the migration of gas. This provision in the 
proposed rules informs facility owners and operators that this specific facility 
component may be needed at a later date~ The amount of gas generated is highly 
dependent on actual fill conditions, which can vary considerably from facility 
to facility. Thus, gas collection systems may need to be installed after 
original data indicated they would be unnecessary. 

Item G establishes the minimum components of a gas monitoring system for 
land disposal facilities. The sampling and analysis of gas generated at the 
facility must address the amount and type of gas generated. This becomes 
particularly important at facilities where gas collection systems are employed. 
The amount and type of gas generated at the fac i 1 i ty determine the proper 
treatment needed and operation of the gas collection system. The type of gas 
being generated also indicates the condition of the waste deposited in the fill 
area. For instance, carbon dioxide is the main component of the gas being 
generated in the early stages of decomposition. Carbon dioxide is highly 
soluble in water and will move with the leachate forming carbonic acid. Little 
methane gas will be recovered during this time. As decomposition continues and 
oxygen is depleted, methane gas is generated. Methane is not soluble in water 
and 1~ill be found in the gas monitoring system. To correctly operate the gas 
collection or control systems, it is necessary to understand what stage of 
decomposition is occurring. Because of this need to understand the amount and 
type of gas being generated at a fill area, the gas monitoring sys tern provide 
for the required sampling and analysis. 

The monitoring program must be included in the operations manual for the 
facility. The program must consider variation in gas generation and migration 
due to climatic conditions, variations in the amount of waste deposited, and the 
length of time the waste has been in place. The operations manual must include 
the techniques to be used to monitor gas. Monitoring is the means used to 
determine compliance with performance standards. If the monitoring is not 
completed correctly or in a timely fashion, the results may not be just a 
violation of performance standards but also a loss of life or fires due to 
explosions. All facility personnel must be made aware of the procedures to be 
followed for monitoring gas build-up and migration and the scheduled times for 
monitoring. The operations manual contains all information facility personnel 
must know about operating a particular facility and is used as a training guide. 

Gas generation and movement is highly dependent on conditions in the fill 
area. These factors often vary with the climatic conditions, thus it is 
important to understand and consider the effects of climate on monitoring. 

.· 
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Monitoring should be conducted when the soil surface is wet or frozen as the 
potential for horizontal migration is increased under these conditions. If an 
extremely 1~et period 1~as experienced before closure of a phase, gas generation 
rates may be higher and earlier than expected under drier conditions .. Under 
times of low atmospheric pressure, vertical migration will tend to increase 
because the pressure in the fill area is sufficient to overcome the downward 
forces being exerted by the atmospheric pressure. Under periods of high 
atmospheric pressure, less vertical migration will occur, thus placing 
structures and vegetative growth located horizontally from the fill at risk. A 
monitoring program must be established that considers the factors that can 
influence the results. Without considering these factors erroneous or 
misleading results may be obtained leading to disastrous results. 

Subpart 12. Construction requirements. The existing solid waste rules 
require facility owners and operators to certify construction on the facility 
before operations begin or any component of the facility is placed into 
operation. The rules provide little guidance on what is to be included in the 
c;:onstruction certification or what the minimum requirements are for constructing 
a land disposal facility. Part 7035.2610 of the proposed rules discusses the 
construction certification procedures applicable to all solid waste facilities. 
The Agency believes the construction certification program required under part 
7035.2610 should be expanded to alert facility owners and operators to the 
requirements the Agency believes must be included in even the most basic of 
construction programs. The construction requirements proposed in this subpart 
address not only the elements needed to ensure compliance with design and 
construction requirements contained elsewhere in the proposed rules. They also 
address those elements used on a continuing basis to ensure quality ·construction 
is completed and maintained .. Addressing these elements in rule provides 
facility owners and operators guidance on the Agency's basic acceptance criteria 
as no facility or facility component may be put into operation 1~ithout the 
Agency's approval of the completed construction work. Reference 95. 

Item A requires the facility owner or operator to notify the Commissioner at 
least seven days before the day construction is expected to begin on major 
design features. The Agency must determine that the construction completed at a 
facility complies with approved permits and plans. This conclusion is reached 
by Agency staff reviewing the construction certification and by completing 
on-site inspections during actual construction. In order for the Agency staff 
to ~chedule people to be at the site during construction, notification is needed 
in advance of construction. Notification by the facility o1mers or operators 
does not overly burden them as they must schedule work efforts to coordinate 

r material arrivals and allows for a smooth transition from one construction phase 
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to another. Agency staff will be able to schedule visits to the site during 
construction so that no hold-ups will occur. Seven days provides a reasonable 
time 1~ithin l'lhich facility owners and operators and Agency staff may coordinate 
inspection needs. Seven days allm1s sufficient time for Agency staff to 
schedule inspections. 

Currently, the facility owner or operator makes a phone call to the Agency 
staff member responsible for the project and provides a tentative schedule for 
construction to be finalized at a date nearer the anticipated date. 
Approximately one week prior to construction or earlier, if known, the facility 
owner or operator calls the Agency staff member and reconfirms the construction 
date or indicates a revised date. This system has allowed Agency staff to 
prepare for and schedule inspections at facilities as construction proceeds and 
has allowed minor modifications to be approved in the field, thus keeping work 
efforts on schedule. This requirement provides for the continuance of a 
practice that has functioned under existing rules. 

Item B requires the construction firm's inspector to maintain a record of 
all procedures completed during construction. The record must document that all 
design features were constructed in accordance with the proposed solid waste 
rules and approved design plans. The record must include pictures, field notes, 
and all test results. The key 'in. evaluating the quality of construction is the 
inspection process used. The Agen~y. unfortunately, is unable to be present at 
a site at ali times or watch all construction activities while on-site. The 
same is true for faci 1 i ty owners and operators. Therefore, the construction 
firm must be relied upon to complete activities as approved unless found to be 
infeasible during actual construction. In order for the Agency and facility 
owners and operators to approve the work completed in 1heir absence, a record of 
the activities must be kept. Although the documentation does not guarantee 
final construction and performance, it does improve confidence that work was 
completed as authorized. The written documentation along with inspections made 
by the Agency is used to authorize facility operation. The better the 
documentation, the more confidence in the work completed. A record maintained 
by the construction firm's inspector provides information as to the quality of 
construction achieved. The construction record also adds consistency to the 
manner in which the need for corrections will be determined on a continual 
basis. Th_e construction. firm demonstrates to the facility mmer or operator the 
quality of work done in order to receive proper payment. This provision, in 
effect, only requires the construction firm to duplicate the report provided the 
facility owner or operator, and submit it to the Agency with the construction 
certification. This provision does not increase the burden on a construction 
firm, yet it provides very necessary data regarding the construction practices 

1 • 
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followed at a facility. 
Item C requires that a permanent benchmark to be placed on-site at every 

facility and that the location of the benchmark be shown on the as-built plans 
submitted with the construction certification. Considerable surveying will be 
needed during different construction phases and during facility operations. In 
order to compare the results of these activities with approved plans or work 
completed by other parties, a reference point is required for each facility. 
To expect a traverse line to be drawn from an off-site benchmark at each 
surveying event is unreasonable. It is preferable to establish a benchmark 
early during facility construction for use during the remainder of the operating 
life and postclosure care period. Facility owners and operators are allowed to 
choose the location of the benchmark based on site conditions rather than 
dictating a specific place or corner of the facility. 

Item D indicates the laboratory and field tests that must be completed by 
facility owners and operators during construction of a land disposal facility. 
Compaction, Atterberg limits, grain size distribution, laboratory and field 
permeability, and field moisture-density tests, at a minimum, must be completed 
on all facility liners and final covers. A portion of the field-molded and 
field-compacted samples of liners and the final cover layers must be retained 
until the co_nstruction certification is complete. Since not all performance 
standards can be evaluated for compliance based on visual inspections, some 
support analysis must be used. Because particular analyses were used to 
determine the suitability of a soil for use in the liner or final cover, these 
same tests should be used in evaluating the construction results. The tests 
perform the same function in determining construction quality as they did in 
determining soil suitability. The combination of field and laboratory testing 
in verifying construction quality provides a quick analysis of the construction 
process (field tests) while providing greater accuracy on the results achieved 
(laboratory tests). Field tests are used because they are quick and permit work 
to continue while the longer more detailed analytical analysis are completed. 
T~e results obtained in the field during construction are compared to the 
results obtained during the suitab-ility evaluation. The field inspector can 
determine if corrective actions are needed to ensure the quality of work will be 
completed. Since the quality of construction relates directly to the overall 
facility performance, it is both needed and reasonable to require analytical 
verification construction in the field and in the laboratory. The retention of 
samples during the period of analytical verification is standard procedure. By 
retaining samples, the analytical results may be validated by reanalyzing a 
particular sample. ~ · · 

Item E re-establishes the minimum and maximum permissible cover slopes. The 
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m1n1mum permissible cover slope is 3 percent; the maximum is 20 percent. These 
slopes can be altered as provided under subparts 5 to 9. The Agency repeats the 
design standards for the cover slopes here to emphasize the importance of 
achieving these slopes during construction. If 3 percent slopes are not 
achieved, settlement of the fill area may cause the flattening of the cover or 
the formation of low .areas that 'prevent drainage of water a1~ay from the fill 
area. Additionally, slopes less than 3 percent are difficult to achieve because 
the equipment used to spread and compact cover material is not easily worked 
with such fine tolerances. A slope greater than 20 percent encourages the rapid 
movement of precipitation or surface water downslope increasing the potential 
for erosion to occur and the ultimate destabilization of the cover. 

Item F requires the liner of a newly constructed horizontal fill area to be 
joined to the existing liner. The purpose of a liner system is to impede 
downward flO\v of leachate out of the land disposal facility and into the 
subsurface environment. In most cases, fill practices will dictate the need to 
construct the liner in phases coinciding with the fill sequence developed for 
the facility. Maintenance of a large, lined area is difficult. The potential 
problems include physical and biological attacks on the liner (ultraviolet 
radiation on synthetic liners, unwanted vegetative growth on soil liners). 
Another problem is the logistics of operating in a fill area without disrupting 
the liner in the next working area. If liners are constructed in segments and 
not joined to each other, a potential for widespread pollution exists due to 
the volume of leachate that could be released through the opening between liner 
segments. Because of the critical function a liner plays in controlling the 
release of pollutants from the fill area to the surrounding environment, that 
all sections, if a liner is constructed in sections, should be joined to each 
other to ensure no leaking occurs along these seams. 

Item G requires flexible membranes to be installed only under dry weather 
conditions. Wet weather can impact the quality of seams achieved during 
installation because the heat is conducted away from the joint area and the 
moisture may interfere with the adhesives used to join the membrane panels. 
Moisture under the flexible membrane may rai·se·the membrane creating a condition 
that may stretch the membrane, cause buckling of the membrane as the moisture 
moves away, or make the membrane more susceptible to puncture or tearing because 
of the stress conditions. Secure seams in flexible membranes are needed to 
contain leachate generated in the fill area. 

The seams joining membrane panels must be inspected as construction 
proceeds, and air testing of seams and field seam tensile testing must be 
completed. As part of a construction quality assurance program, seam testing 
is critical to the performance of a flexible membrane. Quality control 
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mechanisms are followed at the factory in manufacturing the membrane and in 
forming some seams before shipment to the facility. As the membrane is placed 
in the field, membranes are inspected to ensure seaming and placement activity 
maximizes the probability that no flaws exist in the seam. 

Nondestructive testing of seams is conducted to determine continuity. 
Continuity indicates the seam was made but does not indicate strength. Air 
testing is the most f~equently used nondestructive method to determine seam 
continuity. Destructive testing is required to determine seam integrity. 
Destructive testing must be used only in a_systematic sampling scheme because of 
the damage placed on the liner when taking the sample and repairing the work. 
In most situations, the sample is· taken to a laboratory for strength analyses 
but some field testing must be conducted also to indicate the quality of work 
performed. The tensile test is a destructive strength test suitable for use in' 
the field. Field testing of flexible membrane seams for quality of installation 
is standard practice. This provision merely indicates nondestructive and 
destructive test methods that must be completed as part of a quality ·, 
construction check. Since the field seaming of membrane panels is, perhaps, the 
weakest point in the construction, it is important that the construction 
techniques used during installation result in high quality seams. This 
provision provides a set of minimum criteria by which the quality of 
installation will be evaluated. 

All flexible membranes must be protected after placement. After placement, 
the quality of flexible membranes can be impaired by exposure to various weather 
conditions, equipment and vandalism. Thus, it is important to protect the 
membrane after placement and it has b~en placed and determined acceptable. The 
protective cover is usually soil free of rocks, sticks, and other items that 
could damage the membrane. In some cases, a geotextile membrane is used to 
protect the sythetic liner before placement of the protective l_ayer and to add 
drainage capabilities to the collection system. The cost and work effort 
required to install synthetic membranes dictates protection of the integrity of 
the membrane after installation. This provision ensures the protection of the 
membrane but allows the facility owner or operator to consider the options 
available and utilize a protective means suitable to the specific site. 

The natural layer above and below the synthetic membrane must be free of 
roots, sharp objects, rocks, or other items that might puncture the liner. As 
discussed earlier, the integrity of the membrane is susceptible to breakdown due 
to punctures or tears from sharp objects or vegetative growth. The natural 
layers are the foundation and protective covering to maintain the quality of a 
flexible membrane to ensure performance during facility operation. Facility 
owners and operators must maintain quality control on these layers to minimize 
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the risk to the liner's integrity. The level of quality control required under 
this provision is reasonable considering the cost and work associated with 
installing a flexible membrane and the consequences if failure occurs. 

Item H requires that barrier liners constructed of in situ soils be 
constructed by scarifying and reco~pacting the soils to the proper depth. The 
barrier liner is designed to impede the downward move~ent of leachate out of the 
fill area. This is accomplished by compacting soils or installing flexible 
membranes to obtain a low permeability barrier. In situ soils do not have the 
same permeability characteristics as remolded or recompacted soils. Naturally 
existing cracks or seams may exist in less permeable soils resulting in a 
permeability exceeding the ·standards es tab 1 i shed in the proposed ru 1 es. 
Recompaction of these soils also provides improved structural strength, 
uniformity of the subgrade, and creates a smooth layer on which the liner and 
leachate collection syste~ may be completed. It is reasonable that in situ 
soils be scarified and recompacted to ensure the integrity of the barrier liner 
as this is the main impediment to leachate movement into the subsurface 
environment. Detrimental effects on ground water quality could result if a less 
permeable, cracked, fissured soil seam is encountered by the leachate providing 
rapid flowage out of the fill area. 

Item I requires that all pipe used in the leachate collection system be 
tested for deformatiqns. The allowable pipe deflection is 5 percent. No 
in-place method to test the quality of pipe construction after manufacturing is 
available without destruction of the pipe. Although the manufacturer runs 
quality control checks on the pipe quality, unexpected loadings or bad 
installation techniques could create potential weak areas in the pipe under 
excessive stress resulting in pipe collapse. The standard procedure for 
evaluating the construction quality of pipe installations is deformation 
testing. Pipe deformations are usually evaluated by pulling a mandrel ball 
through the pipe to determine clearance. The mandrel is equal to the size of 
the maximum pipe deformation allowed. A 5 percent maximum deflection standard 
is presently the industry standard used for the installation sanitary sewer 
pipes. This standard for leachate collection systems is used because the 
construction techniques and materials are similar. 

If leachate draining through the collection pipe cannot travel to the 
removal point, the efficiency of the collection system will decrease 
accordingly. Leachate will build up within the collection trench until it can 
move to another pipe area to move out of the fill area or move downward through 
the liner into the subsurface environment. A collapse in one portion of pipe 
will also prevent cleaning the collection system at a later date, further 
decreasing the performance efficiency. Repair efforts are much easier prior to 
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filling the area above the collection system. ·Therefore, pipe deflections 
should be analyzed immediately after constructio~ to ensure proper performance 
and allow for repair. The deflection testing program provides ~n easy, quick 

' method· to check installation quality and the equipment is readily available. 
Item J requires that all pipes exiting the liner be fitted with antiseep 

collars. Gravity flow is used to drain leachate off the liner and remove it for 
treatment and disposal. Gravity flow is the cheapest and most effective method 
considering the design, operation and corrosive environment of a land disposal 
facility. Utilizing gravity flow to control leachate drainage and collection 
allows some build up to occur at the exit points before pipes leave the fill 
area. In order to minimize the potential for release of leachate into the 
environment, it is necessary to install some form of preventive measures. One 
method that may be utilized is the continual removal of leachate from the 
system, minimizing the build up that would occur in the exit area. 

Another method is the use of design components like antiseep collars. These 
collars serve as an additional barrier at the point the pipe·leayes the fill 
area through the liner. The Agency believes that, at a minimum, antiseep 
collars should be used at all exit points to prevent the release of leachate in 
these areas. Antiseep collars are one of the minimum design and construction 
methods needed to ensure efficient performance at land disposal facilities. 

Item K requires the facility owner or operator to prevent vegetative growth 
on liners. The roots from vegetation can puncture flexible membranes or grow 
into the natural soil barrier liner or drainage blanket resulting in the release 
of leachate. Prevention of unwanted vegetation can be accomplished by removing 
the layer containing the vegetation or applying herbicides or both. It is 
necessary to choose environmentally-sound formulations of herbicides to prevent 
these from becoming a source of pollution. 

Item L requires facility owners and operators to survey and stake the liner 
and cover system during placement. The ability of an equipment operator to 
obtain proper slope and thickness in constructing liners and covers will depend 
on the experience of the operator, the size of the equipment, the depth to be 
achieved, and the configuration of the working area. When working with large 
equipment, depressions and depth are difficult to assess, Surveying and staking 
the working areas gives the equipment operator a visual control on the 
construction progress. Surveying is needed after each component is completed to 
ensure that it is constructed as designed and that no depressions remain that 
could encourage the pending of water. Surveying and staking construction 
projects is common practice and provides construction quality control at a 
relatively low cost. The facility owner or operator should include this work in 
the construction program because of the benefits resulting from controlling the 
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quality of work. 
Item M requires all facility owners and operators to submit quality 

control/quality assurance' programs for construction projects to be completed at 
the land disposal facilities. The programs must include tests to be completed 
during construction for analyzing the quality of work being completed. The 
program must also establish the frequency of inspection and testing, the 
accuracy and preci~ion of tests, procedures to be followed during inspections 
and sample collection, and the method of documentation for all field notes 
including testing, pictures, and observations. 

Construction quality control consists of inspections necessary to evaluate 
the quality of the constructed or installed component of the facility. These 
activities are independent of quality assurance measures but are a necessary 
first step in managing construction quality. The quality control measures for 

/ 

flexible membrane and pipe fabrication are completed at the manufacturing 
facility. The facility owner's or operator's inspector should obtain a copy of 
the manufacturer's quality control program. Review of this program should 
include plant visits and discussions with the manufacturer regarding areas of 
concern. The quality of the completed product should be confirmed by field 
personnel regarding thicknesi, tensile properties, destruction resistance, 
density, percent swell, percent carbon black, flexibility and all other 
characteristics necessary to ensur,e the membrane meets the performance 
qualifications. Testing these characteristics must· be done to verify the 
manufacturer's data and the results must be included in the construction 
certification. For natural soil liners and cover materials, quality control 
measures include testing of soil sourfes to ensure the requirements regarding. 
soil types and characteristics are met. The materials used to construct the 
facility components are as critical to the ultimate performance of the facility 
as are the construction techniques and effort. Requiring facility owners and 
operators to establish construction quality control programs maximizes the use 
of only quality products in the construction of a facility. 

The construction quality assurance program includes inspections, 
verifications, audits, and evaluations of material necessary to determine and 
document the quality of the constructed facility. This program includes a 
detailed description of all quality assurance activities. The program documents 
the facility owner's or operator's approach and is tailored to the specific 
facility to be constructed. Although the overall content of the quality 
assurance program will depend on site-specific conditions, several key elements 
are needed in each program. These elements include identification of the 
responsibility and authority of key organizations and personnel, qualifications 
of inspection personnel, inspection activities, sampling strategies, and 
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documentation. Regardless of the relationships of t'he organizations involved in 
permitting, designing.and constructing the facility, good communication must be 
established to facilitate an eff~ctive decisionmaking process during 
construction. It is· also important that the party responsible for conducting 

·the quality assurance checks operate i ndeperidently of the organization 
responsible for construction. By establishing in the quality assurance plan the 
responsibilities of the people invol~ed~ maximum efficiency will be provided in 
completing the·construction in an approved manner. Including this information 
in the plan requires little, if any, additional work on the part of the facility 
owner or operator. Reference 95. 

The overall responsibility of the personnel involved in the construction 
quality assurance program is to perform the activities specified in the quality 
assurance/quality control plan. The plan should describe the responsibility of 
these individuals and their qualifications for reviewing design plans,· 
conducting a sampling program, interpreting data, and verifying the construction 
contractor's quality control plan. The inspection personnel must implement the 
quality assurance activities in a manner that ensures the proper evaluation of 
work performed. The plan should address the qualifications of these individuals 
in order that the reliability of inspections completed can be verified. 

The inspection program contained in the construction quality assurance plan 
describes the activities, observations and testing that will be performed. The 
inspection program consists of preconstruction, construction, and 
postconstruction activities unique to each component of the facility. Specific 
test methods necessary to verify construction activities must be addressed 
separately with the discussion relating to specific components. 

Preconstruction activities involve the review of design plans, site-specific 
conditions, and incoming construction materials. Construction activities 
involve the detailed inspection of materials and components after placement, 
including field and laboratory analysi.s. This portion of the inspection program 
is the most rigorous and time consuming as it involves the on-site checking, 
rechecking, and correcting of construction activities. Detailed reports and 
notes must be maintained as to visual inspection results, sampling locations, 
test results, construction techniques, weather conditions, etc. The precision 
and diligence with which these activities are conducted will have a direct 
impact on the assurances given regarding the quality of work completed. 
Postconstruction activities involve collecting test results, notes, pictures, 
etc. and writing up a report on the quality of work completed at the facility. 
As a third party, the quality assurance inspector will be relied upon by all the 
responsible organizations to provide a detailed and accurate accounting·of the 
construction activities. 

· •. I 
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Performance of the facility will be based heavily on the documentation 
submitted by the quality assurance inspector. Establishing an inspection 
program prior to actual construction will give the facility owners and operators 
time to confer with the Agency to understand the Agency's needs and requirements 
regarding· the approval of the plan and the approval of construction activities. 
Inspections form the foundation for approval of the construction and are the 
information source for responsible organizations. 

The proposed standards in this item address the minimum elements in the 
inspection program without providing specific requirements regarding the number 
of samples to be collected and analyzed. The Agency believes that the sampling 
and analytical program is best established on a facility-specific basis due to 
the variation in designs and construction materials. An inspection program, 
including sampling and analytical details, must be tailored to the facility 
design and construction techniques. Permitting the facility owners and 
operators to develop their own sampling and analysis program in a more flexible 
process allows giving more attent1on to the details of facility components 
rather than merely highlighting components that are to be present in every 
facility. A single rule could not address all provisions that must be evaluated 
in each of the possible facility designs. A guidance manual written by the 
Agency will provide the facility.owners and operators some insight on howto 
develop a comprehensive inspection program that includes a systematic sampling 
program and sufficient analytical work. By providing a basic list of key 
elements to be addressed in the inspection program, the Agency provides a 
reasonable approach to obtain quality assurance plans ~lith detail sufficient to 
ensure proper construction of tile facility. This information requirement gives 
facility mmers and operators the flexibility to evaluate their needs and 
site-specific conditions and incorporate these factors into the program. 

Subpart 13. Operation and maintenance requirements. The design and 
construction of a land disposal facility are only part of the measures needed to 
minimize the risks associated 1~ith the facility. Operations can enhance or 
impede the performance of a well designed and constructed facility. A land 
disposal facility is no longer merelY a place to hide 1~aste as when operational 
concerns were achieving the proper cover and controlling drainage of surface 
water. The operation of a land disposal facility requires careful planning and 
understanding of the total risk management program envision~d for the site. The 
facility owner and operator need to evaluate specific site conditions and 
determine how these conditions influence an operations program for the facility. 
The purpose of looking at these components together is to make operations easy 
and effective while reducing temporary structures or backtracking. 

A mixed municipal solid waste land disposal facility must be operated by a 
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certified operator. The certified operator must be present during the time the 
facility is open to accept waste. Existing rules, parts 7048.0100 to 7048.1300, 
require certified operators for land disposal facilities and contain the 
requirements that must be met for an operator to become certified. This 
provision simply.reminds facility operators of the certification requirements. 
Minn. Stat.§ 116.41, subd.2 (Supp. 1987), requires the Agency to certify 
competent persons to operate land disposal facilities. The legislature felt 
that experienced and knowledgeable persons are necessary to ensure operations at 
a land disposal facility are conducted in a manner that minimizes risks to human 
health and the environment. The Agency believes this need should be further 
emphasized by requiring a certified operator to be on-site during operating 
hours. The certified operator must understand the facility-specific design and 
operational needs. For facility operations to be conducted in an appropriate 
manner, the certified operator must be available for other facility personnel to 
confer with regarding issues that may arise. To operate a land disposal 
facility without the benefit of a certified operator on hand to ensure proper 
actions are conducted would serve only to waste the effort expended by the 
operator to become certified and place facility performance at an unnecessary 
risk. 

Item A requires solid waste at the land disposal facility to be spread and 
compacted in layers of two feet or less. Compaction of waste in the fill area 
is important for many reasons, including volume reduction, vermin and rodent 
deterrence, surface water drainage, and settlement control. Waste is best 
compacted when it iS· spread in thin 1 ayers on a flat s 1 ope. Figure, 10 shows the 
relationship between the number of passes made and the density achieved. These 
figures are based on a compactor having steel cleated wheels and weighing 50,000 
pounds. Figure 9 shows that layer depths greater than 2 feet demonstrate a 
significant decrease in compaction density and more than four passes does not 
increase the achieved compaction density significantly. Reference 83. 

Compaction efficiency decreases with greater lift thickness for two main 
reasons -bridging and cushioning effects. Bridging occurs when large materials 
in the waste become entangled with each other. This entanglement forms small 
structures that are well supported and difficult to crush under the load of the 
compaction equipment. Cushioning results from the upper layer of waste being 
compressed against the soft lower layers. Rather than forming a firm surface to 
compress the waste on, the lower layer acts like a soft mattress that springs 
back after the equipment load is released. This results in a lo~1er density. 
Cushioning and bridging effects can be reduced by utilizing thin layers. This 
prevents wastes from becoming· entangled and e 1 i mi nates the soft under 1 ayers. 

'·· 
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Item B requires that all mixed municipal solid waste must be sloped to 
promote drainage off the fill area. One of the main goals of the design, 
construction and operation of a land disposal facility is to minimize the amount 
of water percolating through the waste and forming leachate. Dec~easing the 
amount of leachate generated reduces both treatment costs and the potential for 
pollutant releases from the fill area. Several design components under subparts 
5 to 9 address accomplishing this goal. Operational methods can also be used 
to further minimize the percolation of water into the waste. One method is good 
compaction of the waste to form a firm surface that encourages horizontal flow 
rather than vertical flow of the water. Another method is constructing a fill 
area with slopes to encourage horizontal flow of water off the waste. This 
provision requires some slope to be incorporated into the fill area as filling 
progresses. No specific slope is required. By including this provision as a 
performance standard, the Agency all 01~s faci 1 i ty o1mers and operators to utilize 
their judgment on the amount of slope that 1~ill be necessary and compatible with 
the overall design and development plans for the facility. The Agency believes 
this' approach ensures that steps will be taken to minimize infiftration of water 
yet allows flexibility for the operations to be incorporated into the planned 
site development activities. 

Item C requires the waste to be covered in accordance with the intermittent 
cover system required in subpart 6. The intermittent cover system minimizes 
infiltration into the 1~aste by encouraging surface water run-off, deters rodent 
and vermin infestation by removing natural harborages, and reduces the potential 
for fires. A design for a specific component of the land disposal facility is 
only as good as the implementation of the design. This item advises facility 
owners and operators of their responsibilities to ensure the intermittent cover 
system is properly implemented. This provision establishes the minimum 
performance considered acceptable by the Agency. 

Item D requires intermediate cover when no additional solid waste will be 
placed on a fill area for 30 days or more. The intermediate cover must be 
spread and compacted over the waste as provided in subpart 6. The goal of 
minimizing infiltration into the waste fill area of a properly designed and 
operated facility is met by rapid vertical filling to final waste elevations in 
anticipation of final cover placement. If an inactive area is allowed to remain 
open without some form of a cover system, infiltration will be. maximized rather 
than minimized. The Agency recognizes that fill operations require horizontal 
movement to proceed vertically and that in some cases an area may not be used as 
an active fill area for some time. The Agency believes, however, that 
protective measures to encourage water to run off the area and not infiltrate 
into the waste are warranted in these situations. Of'most concern would be a 
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significant weather change from dry to wet 1veather or extremely warm weather. 
Wet weather increases moisture in the fill area and warm weather increases the 
potential for fires. To minimize the effects of such weather changes, the 
Agency has proposed that a particular cover design be developed and implemented. 
Subpart 6 requires the intermediate cover be designed and constructed in a 
particular manner. This item requires implementation of the subpart 6 
requirements. 

Item E requires facility owners and operators to implement the final cover 
design approved under $Ubpart 6, items C or D. The final cover must be placed 
on each fill phase as it reaches final permitted waste elevations. In order to 
minimize infiltration into the waste, it is important to seal the surface of the 
fill area with a low permeability barrier and encourage the run-off of water 
coming into contact with the barrier. The final cover design established under 
subpart 6 is intended to maximize the efficiency of the barrier in retarding the 
infiltration of water into the fill area. The design cannot accomplish this 
task without implementation by the facility owner or operator. 

Item F requires that each fill phase be outlined with grade stakes and 
approved by the Commissioner in accordance with subpart 12 before any waste is 
placed in the fill area. Past history of land disposal has shown that poor fill 
operations have occurred for two main reasons - the design plans were not 
understood or simply ignored and operators could not tell their location with 
respect to boundaries. When constructing the land disposal facilities, it is 
critical that design plans be followed as accurately as possible to avoid 
operational problems such as filling outside property boundaries or destroying 
monitoring wells. The construction work and material ,needs are developed based 
on the design plans. If these plans are not followed, the performance goals 
cannot be met. To ensure the location, slope, and depth of the fill area is 
completed in accordance with the design plan~. grade stakes are needed. Past 
historical problems associated with fill locations support the need to closely 
coordinate phase development for the site. 

Item G requires that any resource recovery operations conducted at the 
facility be confined to designated areas approved in the facility permit. 
Storag~ areas must be kept as small as practical, must be marked with signs, and 
must not interfere with normal disposal operations. The main function at 
facilities regulated under this part is the proper land disposal of mixed 
municipal solid waste. Other operations conducted at the·facility must take 
into account the disposal operations and provide proper safeguards to prevent 
the operations from conflicting with each other, causing hazards to human health 
and the environment. 

The Agency believes a total solid waste management approach is the most 
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efficient method of minimizing the risks associated with solid waste. 
Therefore, some land disposal facilities will incorporate resource recovery 
operations at the same location to save on transportation and land acquisition 
costs. Additionally, storage may be necessary to generate sufficient volumes of 
recyclable goods for cost-effective transportation to a reuse or recycling 
operation. This area of the land disposal facility will be open to the general 
public. With this in mind, it is important that these areas be clearly marked 
and controlled in size to prevent them from becoming mistaken for refuse 
drop-off. 

r'tem H alerts facility owners and operators to the 1~aste tire standards 
contained in Minn. Stat. §§ 115A.90 to 115A.914. These sections prohibit the 
storage of more than 10,000 waste tires or the processing of more than 500 waste 
tires at a land disposal facility unless a waste tire facility permit has been 
obtained~ The Agency seeks, by including'this provision in the operating 
standards, to alert facility owners and operators to their responsibilities 
under state law. This information in the rule indicates to facility owners and 
operators the importance of the matter. 

Item I addresses items that should be included, at a minimum, in the 
facility inspection program. The operation and maintenance of a land disposal 
facility involves more than covering and compacting incoming waste and 
compl~ting monitoring efforts. The various design components must be maintained 
in proper operating condition for the facility to perform as designed. The 
inspection program must establish an inspection schedule to be approved by the 
Commissioner for at least the following items: uncontrolled vegetative growth, 
erosion control on slopes an~ completed.areas, vandalism, rodents and burrowing 
animals, malfunctions in the leachate and gas detection and collection systems, 
and settlement in completed areas. 

Each of these factors has a direct impact on the ability of the facility to 
meet performance standards and prevent the release of pollutants to the 
·subsurface soils and surrounding areas resulting in impacts to human health and 
the environment. If the concerns listed above occur, the cover will be unable 
to minimize infiltration into the fill area, the liner and leachate collection 
system will fail to remove the appropriate amount of leachate, and the integrity 
of the liner will be in jeopardy. Controlling unwanted vegetative gr01~th and 
burrowing animals assists the facility 01mer or operator in maintaining the 
barrier layers in the cover and liner systems. If ruptures occur within these 
components of the facility, leachate generation will increase and the collection 
efficiency of the liner will be breached. The inspection of a land disposal 
facility for these areas of concern will not impose a significant burden on the 
facility owner or operator. The inspection can be conducted during normal 
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facility operations. 
In developing a risk management program for a land disposal facility, the 

facility owner or operator will wish to ensure the various components comprising 
the facility are ·in working order. To expend enormous amounts of capital and 

·effort to design and construct an efficient system capable of controlling · 
pollutants, but ignore the maintenance of these components would simply be an 
exercise in futility. A risk management program is only as good as the 
implementationand operation of the facility components. The failure to provide 
basic routine maintenance will r~sult in additional risk of pollutant releases 
occurring and impacting human health and the environment. The proposed 
standard alerts facility owners and operators to the basic areas of concern when 
operating and maintaining disposal facilities. This provision permits facility 
owners and operators to review the specific needs of their facility and address 
them in the inspection program. 

Item J requires the facility 01mer or operator to sample and analyze 
leachate generated at the land disposal facility in accordance with subparts 9 
and 14. Treatment of the leachate is dependent on tl1e characteristics of the· 
leachate, regarding pollutant concentrations and biological strength. The 
original determination of treatment options is based on typical leachate values 
developed from existing facility testing programs. H011ever, every leachate is 
different, since the characteristics are dependent on the waste placed in the 
fill area and the amount of water percolating through the waste. Thus, it is 
important that, as leachate is generated, it is sampled and analyzed to determine 
if adjustments to the treat;nent system are necessary to achieve the proper 
quality in the discharge water. After closure, leachate treatment is required 
through the postclosure care period. Only through routine sampling and 
analysis can an adequate data base be established to show that a consistently 
improved leachate is being generated during the postclosure care period and that 
treatment ultimately is no longer necessary or that a less costly option may be 
used. 

Leachate, along with the gas generated from decomposition'in the fill area, 
represents the greatest risk to human health and the environment from the 
operation of a land disposal facility. It contains high concentrations of 
biodegradable compounds and toxic metals dissolved from the waste as water 
filters through the waste. The percolating water also picks up considerable 
amounts of dissolved and settleable solids as it filters through the waste. The 
proper treatment of this material is as important as any design component in the 
facility owner's or operator's risk management program. This provision 
establishes a process under wh.ich information regarding a particular facility's 
leachate will be collected in a systematic process. The inclusion of this 
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prov1s1on also provides consistency in monitoring leachate at all facilities. 
Item K requires the leachate collection system to be cleaned annually. 

Leachate contains· high amounts of settleable solids. This means that soil 
particles and other small solid particles will settle out of leachate if allowed 
to stand. For treatment purposes, this is a desirable characteristic. 
Treatment is more efficient on the liquid portion of the leachate. However, if 
settlement occurs within the collection system, clogging of the system may 
impair overall facility performance .. Most land disposal facilities are designed 
with gravity leachate collection systems. In order to get liquids to flow in a 
pipe, slopes as flat as 0.5 percent are sufficient. Pipe designs for wastewater 
transport dictate that at least a 2 foot per second velocity be attained in 
pipes to obtain self~cleaning velocities in all pipes. This would require 
slopes greater than 0.5 percent. Wastewater collection is compared with 
leachate collection because both liquids have a high solids content. Cleaning 
velocities are not usually attained in leachate collection systems due to the 
depth of the system, the short distance under which the velocity must be 
attained, and the inability to adequately determine the leachate flow through 
the collection system until construction is completed and waste is in place.· 

The Agency believes a reasonable approach to preventing the clogging of 
leachate collection systems is routine cleaning of the system rather than 
designing the systems to attain self-cleansing velocities. Almost every 
municipality has at its disposal pipe cleaning equipment to handle sanitary 
sewer cleaning. The Agency believes that local agreements can be developed to 
make this equipment available to land disposal facility owners and operators on 
an annual basis. This requirement provides a cost-effective mechanism for the 
facility owner or operator to maintain the leachate collection system in good 
operating conditions. The operation of the collection system is a critical 
component to the performance of the facility. Normal operating activities 
include proper maintenance of the system such as cleaning of it. 

Annual cleaning is reasonable because during the early years of filling when 
leachate generation is low the velocity in the pipe is much slower and allows 
for settling to occur. As leachate generation-increases with time the 
concentration of solids also increases resulting in more total solids settling 
out. By completing maintenance activities on an annual basis, the facility 
owner or operator will be able to diagnose potential problems before they happen 
or before they result in large impacts on human health or the environment. 
Requiring annual maintenance establishes cleaning activities on a regular basis 
rather than waiting until a problem arises, which was the only other alternative 

. . 

suggested by commentors on the rules. No regular schedule of maintenance could 
be agreed upon other than an annual cleaning and waiting until' the system has 
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failed. It is cost effective in a risk management program to take the proper 
steps to prevent problems rather than repairing the situation. at a later date. 

Item L requires the facility owner or operator to monitor and record the 
amount of leachate collected. This information is used in evaluating treatment 
needs and evaluating the performance of the facility. If leachate volumes are 
running at a consistent level and a sudden increase or decrease occurs, the 
facility owner or operator should investigate potential causes such as a 
collapse in the collection system, differential settlement, or a rupture in the 
storage system. Monitoring of leachate levels in storage tanks and amounts 
removed for treatment are the only reasonable methods avai 1 able to facil i.ty 
owners and operators for checking on the design values that project leachate 
collection, storage, and treatment needs. If leachate generation occurs at a 
slower rate or at a volume less than anticipated, the extra capacity in the 
system should not present any concerns and, in fact, will lower the costs 
associated with managing the leachate. Receiving large quantities at an earlier 
rate than anticipated may create the need for modifications to the facility 
design and new construction to provide extra treatment and storage capabilities. 
The sooner these modifications can be incorporated into the facility design, the 
less disruption in total facility operations should be experienced. 

I tern ~1 requires fac i 1 i ty owners and operators to imp 1 emen t corrective 
actions to repair any conditions not in compliance. Part 7035.2615 requires all 
facility owners and operators to develop a contingency action plan. This plan 
contains an analysis of the events that might occur at a facility and methods 
for correcting the situations. The plan is further used to develop cost 
estimates for financial assurance instruments and time frames for completing the 
corrective actions. The proposed provision indicates when implementation of the 
contingency action plan is required and recognizes that corrective actions are 
standard operating procedures. 

Corrective actions include items not considered routine repair needed to 
operate and maintain the facility in a manner that will meet performance 
standards. These items may include repairing berms disrupted by heavy 
precipitation, unwanted vegetative growth or animal intrusion·, repairing the 
facility after a fire in the fill area, or a sudden collapse of the collection 
system. Because the continued existence ~f problem situations can severely 
impact the quality of the environment around a facility or human health, 
facility owners and operators must implement corrective actions as they are. 
detected in order to minimize the problem and prevent the condition from 
worsening. 

Item N requires disposal of dead animals at land·disposal facilitie~ in 
accordance with Minn. Stat. ch. 35. Chapter 35 addresses livestock sanitation. 
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The Agency believes it is a reasonable approach to notify facility owners and 
operators that a statute like chapter 35 can have a direct impact on facility 
operations. Chapter 35 requires that carcasses be immediately covered when 
brought to a facility. Regulation under chapter 35 should remain with the 
appropriate regulatory agency, Minnesota Department of Agriculture. 

Item 0 provides for the deposition of demolition debris and construction 
waste in an area separate from the mixed municipal solid waste. Demolition 
debris and construction waste often contains large, bulky wastes that are 

\ 

relatively inert. The potential environmental problems associated with 
demolition debris and construction waste are considered to be minimal because 
this waste generally contains concrete debris, ferrous wastes, untreated wood 
products and other relatively inert wastes. The facility owner or operator 
developing a mixed municipal solid waste land disposal facility expends 
considerable time, effort and money in designing and constructing a liner and 
leachate collection system capable of controlling the flow of leachate out of 
the fill area. Demolition debris and construction waste present a. hazard to the 
integrity of this system by placing unexpected loads on collection systems and 
puncturing the liner system. Therefore, the facility owner or operator must 
utilize another area on the facility site for disposal of demolition debris and 
construction waste or utilize controlled operational practices that will protect 
the integrity of the liner and leachate collection system. 

Item P requires the facility owner or operator to sample and analyze ground 
water in accordance with subparts 10 and 14. This item states the Agency 
position that ground water sampling and analysis is a component of normal 
facility operations and that the facility owner or operator must address it as 
such in the facility operations program. 

Item Q requires facility owners and operators to conduct gas monitoring in 
accordance with subpart 11. Routine monitoring for gas needs to be conducted 
for safety as well as environmental considerations. A pocket of gas may build 
up in a confined area between daily operations and present a fire and explosive 
hazard as facility·personnel perform daily functions. The Agency believes that 
gas monitoring must be conducted as a part of daily operations to prevent a fire 
and explosion hazard. 

Item R requires facility owners and operators to develop procedures for 
operations during wet weather conditions, particul'arly to protect liners, covers, 
and other design features that might be disrupted by additional loads in a 
saturated condition. Extra precipitation can result in operating problems at a 
land disposal facility such as correcting incidents of severe erosion, 
inability to operate in a specific fill area due to surface water pond i ng, or 
inability to adequately control surface 1~ater drainage. Protection of critical 
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design features such as liners and covers must be incorporated into the design 
and operation of the facility or the repair efforts could match original 
construction efforts in both time and money. If a liner is not adequately 
protected from operations during wet weather, the movement of equipment in 
loading or unloading waste or compacting the waste can result in sliding of the 
liner materials disrupting its ability to retard leachate movement. Facility 
owners and operators must address tbe operation of facility components under ,, 
periods of stress in order to develop appropriate tools to maintain the 
facility's integrity. 

ItemS requires the fill area to be surveyed each year by November 1 by a 
land surveyor registered in Minnesota. An updated conditions plan must be 
submitted with the annual report. The .plan must show the elevations of 
complet~d fill areas, areas partially filled, and all design features that 
changed in elevation due to facility operations or settlement. The remaining 
fill capacity must be calculated and sho1m on tbe plan. Operations at land 
disposal facilities have, in the past, .been sporadic fill operations. No 
consistent documentation was obtained on the depth or area filled. Thus, in 
some cases, the fill areas encroached on property lines and hodgepodge 
operations made it impossible for facility operators to control litter or 
properly cover the fill. The performance standards proposed under these rules 
make it imperative that the depth, area and exact location of facility 
components be known. The gradual settlement of closed areas can be 
imperceptible to the human eye, particularly if it had only a three or four 
percent slope initially. Surveying the site is the best method to determine how 
much settlement has occurred. As the fill area is used, additional space must 
be opened. The new area must be lined and installed witb a leachate collection 
system. These construction activities must be fastened to the existing liner 
and leachate collection system. In order to achieve the right depth of 
trenching and liner placement, surveying is used to sight the vertical depth. 
Surveying to determi'le the annu.al progression of the fill operations allows for 
proper timing of construction needs, whether for liners or covers. 

This item proposes that survey work be completed by November 1 of each year. 
There are two basic reasons why survey work should be completed by November. 
The most important reason is the need to complete survey work before snow cover 
interferes with determining the base points or firiding particular design 
components. The second reason for completing survey work by November is the 
incorporation of this information in the annual report submitted in January of 
the following year. Completing the survey work by November enables the facility 
owner or operator to draw the .updated existing conditions plan and make one 
submittal of the year's activities in January rather than scattered reports 
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being submitted and reviewed by the Agency before the next construction season 
begins. By completing the review during the winter months, the Agency will be 
able to notify the facility owner or operator of activities that are needed at 
the facility and proper procedures can be set into action to prepare for spring 

r ' 
construction. 

The existing conditions plan drawn from the survey work must show all design 
components that have changed in elevation during the year. These items would 
include monitoring points, completed fill areas and partially completed areas. 
The information regarding the elevation of these components is needed to 
evaluate facility performance. For instance, if the elevation of the monitoring 
well casing changes due to frost heaving or settlement and this casing is used 
to determine the depth to the water table, the direction of ground water flow 
may be falsely interpreted. If flattened slopes are not promptly detected, 
surface water drainage may be impaired and precipitation may pond on the surface 
increasing infiltration and ultimately leachate generation. Annual survey 
activities will turn up these changes and will provide information.on adjusting 
site activities to correct the situations or alter interpretations of incoming 
data. Yearly updated existing conditions plans allow the facility owner or 
operator and the Agency to evaluate facility activities during each year and 
make minor adjustments as needed. 

The Waste Management Act requires the issuance of a certificate of need for 
mixed municipal solid waste land disposal capacity. A.certificate of need is 
issued for the volume of mixed municipal solid waste to be disposed of in a 
ten-year period. The permit issued for land disposal facilities reflects this 
capacity. Therefore, it is necessary to have accurate records of the volume of 
waste received and the disposal capacity used at the facility to evaluate the 
effectiveness of waste reduction and recycling activities as well as other 
management alternatives to land disposal. 

In the past, facility operators have not maintained accurate records of 
either incoming waste or the fill depth. This has impaired the Agency's 
ability to adequately enforce permitted capacities and the owner's or operator's 
ability to adequately plan for necessary construction activities. The Agency 
and the owner and operator need to understand the rate at which capacity is used 
to properly manage facility activities and to coordinate design and construction 
activities. Under this item, the facility owner or operator is required to 
submit calculations determining the remaining fill capacity each year. 
Surveying is the most accurate method for determining capacity because it takes 
into consideration actual compaction achieved and soils used rather than 
estimating a compaction rate and incoming wastes to determine fill capacity used 
each year. The updated conditions plan must also show where the remaining fill. 
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capacity exists on the·site. Survey information is needed to ensure that fill 
operations remain in permitted boundaries and don't encroach on property or 
compliance boundaries and other design features. Obtaining this information 
annually provides an indication on the facility owner's or operator's compliance 
with permit conditions and allows for early planning activities to be initiated 
if fill capacity is used at a rate higher than expected. 

Item T requires that all trenches or area fills be staked with permanent 
markers. By staking fill boundaries, the opportunity for irregular fill 
operations will be minimized. After closure it will be much easier to establish 
inspection locations and possible areas for activities that would not disrupt 
the closed areas. The facility ovmer or operator would, under normal 
construction and operation activities, determine the limits for fil1 areas in 
order to manage.risk, control construction costs, and establish proper site . . 
operations. This item plac~s no additional burden on the facility owner or 
operator, yet provides useful information after closure and controls filling 
during site operations. 

Item U requires that at least six feet of solid waste cover all lined areas by 
December 31 of each year. No disposal will be permitted on areas left uncovered 
after December 31 unless the liner integrity has been tested and approval 
granted by the Commissioner. The liner system at a land disposal facility is 
the single most important item in controlling leachate move~ent from the fill 
area. Maintaining the integrity of the liner minimizes the risk associated with 
land disposal facility operations. 

Liners are highly susceptible to weather conditions such as heat, rain or 
freezing conditions. Insulation is a proven method to protect liner integrity. 
In order to reduce costs, solid waste :has been used as the insulating material. 
The frost line in Minnesota is general.ly considered to be 4 to 6 feet below the 
' surface, depending on snow cover and location. A minimum 6-foot insulating 
layer is used as a standard to provide an adequate safety level under normal 
operating conditions. If the fill area is constructed late in the year and 
incoming waste is not sufficient to obtain the proper insulating depth, the 
freeze-thaw cycle in winter and spring could cause shifting in the liner, 
creating cracks in the liner increasing i'ts permeability, or breaking collection 
liners. In some cases the cracks may be,imperceptible to the human eye and only 
testing will Jndicate the problem exists. Requiring an insulating blanket over 
the liner by December 31 ensures coverage before the coldest winter months and 
provides the facility mmer or operator.a· date for which accountability for 
facility operations will occur. 

Again, by establishing reporting and specific facility actions to occur 
within the same calendar year, the Agency reduces the number of reports required 
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and provides a systematic approach for evaluating the next year's activities. 
Six feet provides protection against frost action and permits the facility owner 
or operator to use incoming waste reducing costs associated with this activity. 

Item V requires the facility owner or operator to record and maintain in the 
operating record all expenditures related to closure, postclosure care and 
contingency action. This information is useful to the Agency and facility owner 
or operator in numerous ways. First, by comparing actual costs to the estimated 
costs contained in the appropriate plans, the Agency and the facility owner or 
operator will be able to evaluate the funds required for financial assurances. 
Rate adjustments in the financial assurance payments can be made after the 
annual update, when these adjustments should be small, rather than after a 
shortfall has occurred and major rate increases must be made. Planning and 
monitoring facility activities are necessary to ensure facility performance 
and keep costs as low as possible. Under the financial assurance provisions of 
the proposed rules, facility 01vners and operators may request reimbursement from 
the appropriate fund after work has been camp 1 eted and approved. The facility 
owner or operator will need an accounting of all construction activities to 
ensure the proper reimbursement is received. 

Additionally, understanding total facility costs, of which financial 
assurance needs are only a part, allows the facility o~mer or operator to 
establish rates on incoming wastes. This information also allows the Agency to 
better understand the true cost of land disposal and provide more accurate 
information to perspective permittees and legislative-bodies for decisionmaking 
activities. The recording of these costs i~ a normal operating procedure and 
places no additional work on the facility owner or operator. The information 
obtained from these records enables effective evaluation of financial assurance 
mechanisms. This provision ensures actual costs are adequately considered in 
reviewing land disposal operations particularly in evaluating financial 
assurance compliance. 

Item W requirei the sequence and direction of below-grade operations to be 
conducted to prevent surface water from entering the fill area. The filling 
sequence in an area can dictate the movement of surface water off the liner. By 
fi 11 i ng from the high end of the fill area to the 1 ow end, the fac i 1 i ty owner or 
operator allows surface water to drain away from fill operations and minimizes 
the potential for ponding water to interfere with daily operations or for extra 
liquids to be collected_ and treated. Because the performance goals are to 
minimize the leachate generated, minimizing the intrusion of excess water into 
the system will decrease the potential for disrupting operations and overloading , 
the leachate control system. 

Subpart 14. Sampling and analysis. Subpart 14 establishes sampling and 
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analysis requirements for ground water, surface water, and leachate at mixed 
municipal solid waste land disposal facilities. The aim of water sampling is to 
determine whether a facility's protective measures 'minimize impacts on water 
quality. Sampling provides the most .direct means to evaluate a facility's 
compliance with the ground water and surface water performance standards. 
Together with the leachate detection monitoring required in subpart 9, item A, 
the subpart 14 monitoring provides direct evidence of the adequacy of the siting 
and design precautions. The key role· of monitoring and the high cost and risk 
that erroneous results cause are reflected in subpart 14's detailed provisions 
to assure the accuracy and reliability of the monitoring data. 

Th~ relationship of this subpart to other subparts is discussed below. 
Subpart 3, item I, identifies water quality monitoring as the fourth phase of 
the hydrogeologic evaluation required of all mixed municipal solid 1~aste land 
disposal facilities. It requires a work plan and report.· Subpart 4 establishes 
the ground water performance standards that sampling results are compared 
against. Ground water quality must meet these standards. Subpart 10 
establishes requirements for water monitoring systems and individual monitoring 
points. 

Item A, requires facility owners or operators to monitor ground water 
quality in all cases, and surface water quality and leachate quality as. required 
in permits, orders, and stipulation agreements. The need for and reasonableness 
of ground water monitoring at land disposal facilities has been discussed 
regarding subpart 10, item A. Because land disposal facilities have shown 
ground water quality impacts regardless of size, any requests for exemptions to 
the requirement for ground water monitoring should be considered only through 
the variance procedures, subjecting them to the increased scrutiny that process 
entails. 

Surface water quality monitoring is not needed at all facilities. In some 
cases, facilities are located miles from the nearest surface water and 
surface water impacts are not an issue. Surface water quality should be sampled 
when there is a direct discharge or run-off from a facility to the surface 
water, or when the surface water is near a facility and the impact on surface 
water qua 1 i ty cannot be determined through ground water qua l.i ty samp 1 i ng. 
Oirect discharges. are subject to the requirement for a National Pollutant 
Discharge Elimination System permit under Minn. Rules pts. 7001.1000 to 
7001.1100 (1987), administered by the Agency's Water Quality Division. The 
potential for surface water impacts from polluted ground water must be judged 
individually. This potential will depend on the extent and severity of the 
ground water impacts, the percentage of the plume that discharg~s into the 
surface water, the rate of discharge, and the flow rate and mixing 
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characteristics of the surface water. Even when the potential for surface water 
impacts is confirmed, surface water monitoring may not be needed until ground 
water impacts have reached a defined level of severity. At sites 1vhere this 
approach poses unacceptable risks, surface 1~ater monitoring may be required 
along.with ground water monitoring. Examples include sites where ground water 
moves rapidly, eliminating the advance warning provided by ground water 
monitoring, and sites where ground water monitoring is unreliable due to 
fractures or variable soils. 

Leachate monitoring is needed for the reasons given in the discussion of 
subpart 9, item A. Few specific leachate monitoring requirements are given in 
either subparts 9 or 14. It is necessary and reasonable to deve J op the 
monitoring requirements on a facility-by-facility basis because leachate 
monitoring is directly related to the characteristics of the waste generating 
the leachate. 

Finally, item A requires that the monitoring comply with other portions of 
Minn. Rules ch. 7035 and pts. 7050.0150 and 7060.0800, and the Agency-issued 
permit. Part 7060.0800 is in a chapter titled "Underground \~aters." This rule 
states in part that "samples shall be collected in such manner and place and of 
such type, number, and frequency as may be considered satisfactory by the agency 
from the viewpoint of adequately reflecting the condition of the underground 
water and the effects of the pollutants upon the specified water uses." Part 
7050.0150 falls within a chapter titled "Standards for the Protection of the 
Quality and Purity of the vJaters of the State." This part contains similar 
language. The Agency ,requires facility owners and operators to comply with 
standards in those rules because the standards apply to all monitoring of 
pollutants regardless of the source. It is unnecessary to repeat ~he standards 
in these rules. 

I terns B to E specify the location and frequency of monitoring, the 
constituents to be tested, and other measurements that may be required. 
Item B requires monitoring conditions to be established on a facility-specific 
basis. However, at current staffing levels, it will take time for the Agency to 
establish individualized requirements for all facilities. Until individual 
requirements are established, monitoring is still needed. Item C contains 
monitoring requirements that apply until a facility is given specific 
requirements in its permit or other enforcement document. 

Variable factors such as leachate composition, facility size and layout, and 
ground water flow rates have a bearing on the number, frequency, parameters and 
locations of monitoring. This will be discussed further under subitems (1) and 
(2) below. A facility owner or operator is required to supply information 
needed to determine which requirements should apply. The Commissioner must 
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consider at least the factors given in subitems (1) and (2) in setting the 
monitoring requirements. 

Under subitem (1), the Commissioner must corisider several factors concerning 
the degree of impact a facility is having on 1vater quality. These include the 
evidence of pollution in the sampling record, the extent and severity of any 
pollution, the facility's compliance with water quality standards, and the 
evaluation of sampling needs required under subpart 4 when an intervention limit 
is exceeded. The presence of pollutants in ground water often indicates the 
need for increased monitoring. The extent and severity of any pollution and the 
facility's compliance with water quality standards control the number and 
location of samples. This monitoring information may indicate the need to· 
collect samples at the compliance boundary in addition to the detection 
monitoring points and on a more frequent basis than required in Item'c or the 
Agency-issued permit. The evaluation of sampling needs required under subpart 4 
when an intervention limit is exceeded ~nsures that the sampling program 
addresses elevated pollutant concentrations. The evaluation may simply indicate 
that imr:lediate sampling is appropriate to determine the reliability of original 
sample results. 

Under subitem (2), the Commissioner must consider specific facility and site 
conditions 1-1hen establishing sampling requirements. Facility conditions that 
must be considered include the location, design and operation. An existing 
facility with no liner to conect leachate may require more frequent monitoring 
than new facilities with liners and leachate collection systems. Less frequent 
monitoring may be required at a neH facility because leachate is contained and 
treated and little v1aste is in the fill area, minimizing the potential for 
pollutant migration. A facility located near residences 1-1ill require more 
careful monitoring for impacts because of the immediate risk to nearby water 
users if pollutant releases occur. 

The Commissioner must also consider the composition of the leachate and the 
waste stream when establishing the monitoring program. If the facility is used 
to dispose of industrial solid waste and mixed municipal solid waste, the 
monitoring parameters should reflect the potential pollutants from these 
streams. If the monitoring.parameters are not representative of the waste or 
leachate, compliance determinations can not be made. 

Specific hydrogeologic conditions and surrounding vldter use are important 
considerations for monitoring requirements. Ground water flow directions and 
rates and aquifer thickness, depth, and degree of natural protection are 
necessary considerations in determining monitoring frequency. In general, rapid 
ground water flo1v must be monitored more frequently than very slow flow. These 
same factors may have a bearing on the analytical requirements. For example, it 
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may not be necessary to test for dissolved metals in deeper ground water that is 
overlain by soils with a high capacity to attenuate metals. High attenuation 
capacity is. usually associated 1vith low-permeability soils. Seasonal variations 
in water quality may be large enough to warrant timing the samplings to coincide 
with these changes. Surface water flow conditions may vary more than ground 
water flow conditions. For surface water, it is often important to sample 
during the periods of lowest flow, when contamination is least subject to mixing 
and dilution. The presence of sensitive aquatic com~unities in surface waters 
also affects the selection of sampling frequencies and test parameters. These 
nearby resources may justify more frequent sampling or additional analyses. 

Item C contains interim monitoring conditions that apply until 
facil_ity-specific monitoring requirements are established under item B. It will 
take time to establish the monitoring requirements under item B tailored to 
conditions unique to each site. At some facilities, the hydrogeologic 
information needed has not been generated. Once hydrogeologic information is 
obtained, it will take time to review the information and to develop the 
monitoring requirements. In the meantime, it is necessary and reasonable to 
require continued use of existing monitoring systems. For the facilities where 
site-specific monitoring conditions cannot yet be assigned, interim monitoring 
conditions are a reasonable method to protect water quality and public health. 

The requirements under item C have been developed to apply under the 
most common conditions. The requirements are based on years of experience with 
water quality monitoring in Minnesota. For this reason, they may serve as a 
starting point for developing site-specific requirements under item B. 

Item C requires sampling at least three times per yeaf, or as specified in 
the Agency-issued permit or enforcement document. This requirement is a 
reduction in frequency from the quarterly sampling required until the early 
1980's. The quarterly sampling requirement was based on two main 
considerations. First, ground water flow rates at most facilities are in the 
range of hundreds of feet per year. At these rates, sampling less frequently 
than quarterly could allow a contaminant plume to migrate past the monitoring 
system before it is detected. For instance, if the ground water flow rate is 
600 feet per year and the detection monitoring is loca~ed along the waste 
boundary, a pollutant could move 150 feet past the monitoring point before the 
next quarterly sample is taken. Secondly, natural water quality varies over 
time. \~ater quality interpretations must be based on an analysis of trends in 
the monitoring data. In order to discern trends within variable data, a greater 
number of measurements is needed than an annual or semiannual sampling frequency 
can provide. The largest and most important water quality fluctuations normally 
occur over an annual/seasonal cycle. Quarterly sampling spaces ihe measurements 
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over the seasonal cycle, providing some idea of the seasonal variability in 
natural water quality. 

Despite these considerations, the Agency dropped ~he requirement for winter 
sampling for most facilities due to limited access to well sites and sampling 
difficulties under subfreezing conditions. This reduction in sampling frequency 
to three times per year is reasonable for interim monitoring requirements. Once 
ground water flow rates and other conditions can be estimated for a given 
facility, this information may indicate a need to reinstate ~~inter sampling 
or monitor on a more frequent basis as provided for under ite~ B. 

The requirement that sampling times be specified in the Agency-issued 
permit assures that sampling is scheduled to cover seasonal variations. This 
approach allows the flexibility needed to adjust for differences within the 
State. For example, winters are longer in northern Minnesota, so the Agency 
allows spring sampling to take place later and fall sampling earlier. 

Item C also requires specific analyses for ground water sampling. This 
specificity is not possible for surface waters due to the greater variation in 
surface water quality and the variety of water uses that surface water 
monitoring must be targeted to protect. 

In pollutant sampling, a balance must be reached between a complete 
accounting of all possible pollutants and cost efficiency. As discussed under 
subpart 4, item F, more chemicals might find their way into facilities than can 
be tested. A testing strategy must narrow and target the analyses. By 
targeting the analyses, sufficient data is gathered to determine in a 
cost-efficient way if a land disposal facility is impacting water quality. For 
many years a common approach to this problem has been to test for a limited 
number of indicator substances that usually indicate a polluted condition. 
These tests are periodically supplemented with more complete analyses. 
Supplementary analyses characterize the chemical composition of water more 
completely and they include more substances that may threaten public health or 
the water resource. 

This is the approach taken in item C. Three times per year the analyses, 
measurements, and observations under subitem (2) are required; for one of those 
three sampling events. the tests under subitem (1) are added. The once-a-year 
analysis is more complete, focusing on overall major ion chemistry, toxic 
inorganic chemicals, and the traditional inorganic indicators, in addition to 
the more frequently tested organic indicators. 

Item C allows reasonable variations from these lists for existing monitoring 
points that may be unsuitable for sampling some or all of the listed substances. 
As discussed under subpart 10, items Hand I, some well screen and casing 
materials have the potential to affect pollutant concentrations. ·. 
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Subitem (1}, the analyses required once per year, requires analysis of 17 
specific. pollutants, four general parameters (alkalinity, total dissolved 
solids, Eh or oxidation potential, and total suspended solids}, and one quality 
control calculation (cation-anion balance}. This list has changed since 1981 to 
fulfill many objectives. The reasonableness of each is given below, and is 
summarized in Table 7a. Table 7a shov1s that each of the tests required once 
per year under subitem (1} has been selected for one or more reasons. 

The listed substances are mobile and persistent in the subsurface under some 
or all conditions. They are also amenable to analysis by various methods and 
occur at elevated levels in mixed municipal solid waste land disposal facility 
leachate (see Table 7b}. The analyses listed in subitem (1} are reasonable 
because they enable interpretations about water chemistry, pollutant mobility, 
and data reliability. The requirement to report dissolved metals rather than 
total metals is reasonable because such analyses better represent actual ground 
water quality, than metals adsorbed onto suspended sediment in the 1~ater sample. 

' If sediment is present, it must be filtered to yield a value representative of 
the dissolved concentration, as discussed further under items H and K. 
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TABLE 7a: Principal Reasons for Including Constituents 
in Annual Ground Water t•1onitoring Requirements 

Importance 
Tqxicity Aesthetic/ Re: 
to Public Public Overall Quality 
Health,. Welfare Leachate Water Assurance 

Environment Impacts2 Indicator- Chemistry~ Applications~ 
Alkalinity X X 
·Ammonia Nitrogen X X X 
Arsenic X 
Cadmium X 
Calcium X X 
Chloride X - X X 
Chromium X 
Copper A X 
Dissolved solids, X X X 

total 
Eh ( oxidation X X 

potential) 
I ron X X X 
Lead X 
1•1agnes i urn X X 
Manganese X X 
lvlercury X 
Nitrate +Nitrite X X 
Potassium X X 
Sodium X X X 
Sulfate X X X 
Suspended solids, 

total 
Zinc A X X 
Cation-anion X 

balance --
A aquatic toxicity· 

1. Toxicity:· The listed leachate constituent is toxic to humans or 
aquatic life. 

X 

X 

X 

X 

2. Aesthetic/public welfare: The constituent can adversely affect taste, 
odor, or useability. 

3. Indicator of leachate:· Elevated levels of these parameters indicate 
pollution by leachate. 

4. Overall water chemistry: These parameters are important components 
of the water's. overall chemical behavior. Major ions, total ion 
strength (related to concehtration), and oxidation state affect the 
distribution and mobility of taxies and aesthetic parameters. 

5. Quality control: These give some measure of the reliability of the 
sample or the analysis. 

.. 
-., 
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(a) Alkalinity 
(b) fmlmia 

· (c l Arsrnic 
(d) Cadnium 
(e) Calcium 
(f) Chloride 
(g) Chranium 
(h) CqJper 
(i) Dissolved solids 
(j) Eh 
(k) lral 
(l) Lead 
(m) Magnesium 
( n l Manganese 
( o) tlercury 

· (p) Nitrate + 
Nitrite 

( q) Potassium 
( r l Scx:li um 
(s) Sulfate 
(t) Suspended solids 
(u) Zinc 

TPBLE 7b: Reported Cmcrntratim Ranges in Mixed t11nicipal Solid Haste Land Disposal Facility Leachates 
and Drinking Hater Standards 

Mmn. Dept 
of llealt11 Primary Secmdary 

Recamended Drinkins Water Drinking 
Cmcrntratim ~linnesota Illinois Wiscmsin All CMiJIJ l e Standard Water 

Units Leachate Leachate Leachate Limit (or M:LG*) Standard 
nlJll - 0 - 13,!ill 0- l~lfll- ·- - -

ng/1 as N 0.15- 410 1.8-1,250 0- 1,2{X) - - -
ug/1 5.4 - 26 o - 40,cm 0 - 70,2{X) 50 50 -
ug/1 0.52 - 30 0- 1,160 0- 400 5 10 Uil -
ng/1 - 23 - 3,050 2{X) - 2,~X) - - -
lll}/1 99-1cm 31 - 4,350 2 - 11,375 - - 250 . ' 
ug/1 8.3 - 110 0- 22,~ 0 - 5,fffi 120 50 (120) -
ug/1 26 - 160 o- 1,1oo,cm 0 - 4,CXiO - - 1 
mg/1 - 990- 594,cm - - - ~ 
-- - - - - - -

nlJ/1 5.1- 1,DJ o.9 - 42,cm / 0- ~.~ - - 0.3 
ugll 5.8 - 370 0 - 6,f:OO 0- 12,f:OO 20 50 (20) -
nlJli ' - 12 - 1,102 120 -·7oo - - -
ug/1 2,~ - 93,cm o :. 678,cm 0- 31,000 - - !iJ 
ug/1 - 0- 30 0- 10 3 2 (3) -

mg/1 as N < 0 . 04 0- 1.8 0- 250 10-Nitrate 10-Nitrate -
1-tJitrite 1-Nitrite -

nlJ/1 - 2- 1,920 20 - 2,000 - - -
nlJ/1 - 15 - 8,000 12 - 6,010 - - -
mg/1 17 - 350 0- 84,CXXJ 0- 1,850 - - 250 
nlJ/1 - 21 - 3,670 2 - 140,900 - - -
nlJ/1 0.04 - 34 0- 250 0 - 731 - - 5 

* Maxim.Jm Cmtaminant Level Gruls 

B·a· i: !~ ~ !' tt 1!: 1 f. B CtE· f'' 3~)~·./· Z·fi .t·~j· 
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The following discussion presents the reasonableness of individual analyses 
in subitem (1). Much of the discussion· derives- from reports generated by the 
states of Wisconsin and Illinois, the Minnesota Department of Health, and the 
U.S. Environmental Protection Agency. See Exhibit XXXVI and References 94, 96, 
97, 98, 99, 10D and 128. Drinking water standards cited, unless otherwise 
stated, are from primary standards, i.e.·,J1aximum Contaminant levels; final or 
proposed Maximum Contaminant level Goals; and secondary standards, i.e., 
Secondary Maximum Contaminant Levels. See Exhibits XXIII and XXXIX and 
Reference 64. Concentrations are given in micrograms per liter (ug/l) and 
milligrams per liter (mg/1). 

Before discussing the individual analyses required in subitem (1), it is 
appropriate to define three of the commonly used terms to describe·tlle drinking 
water standards applicable to individual parameters. These terms are from the 
National Primary Drinking Water Regulations and the National Secondary Drinking 
Water Regulations, which regulate the quality of the drinking water supplied by 
public water systems. The Maximum Contaminant Level Goals are non-enforceable 
health goals set at levels that would result in no known or anticipated adverse 
health effects with an adequate margin of safety. Maximum Contaminant Levels, 
also knov1n as primary drinking water standards, are.the enforceable standards 
and are set as close to the Maximum Contaminant Level Goals as feasible. 
~1ax i mum Contaminant Levels are based upon treatment technologies, costs 
(affordability) and other feasibility factors. The Secondary Maximum 
Contaminant levels, commonly called secondary drinking water standards, are 
federally non-enforceable goals established to. protect consumers from 
undesirable aesthetic properties, such as tastes and odors. Pollutants with 
concentrations above the secondary standard can negatively impact such qualities 
as t~ste and odor to the point where people stop using the water. 

Unit (a) requires the monitoring of ground water for alkalinity. Alkalinity 
is a measure of the capacity to neutralize acids. In leachate this capacity is 
due to bicarbonate, carbonate, hydroxide, and organic acids, which result from 
carbon dioxide generation during decomposition of organic wastes. Alkalinity is 
a major control on water pH and buffering capacity, wh.ich affects the mobi 1 i ty 
of m~tals. Alkalinity is elevated in leachate, and is used as a tracer or 
indicator of leachate contamination. It is readily determined by a simple acid 
titration test. 

Unit (b) requires ground water monitoring tests for ammonia nitrogen. 
Organically-bound nitrogen is a major component of decaying organic matter. 
Under the reducing (anaerobic) conditions in a mixed municipal solid waste land 
disposal facility, the organic nitrogen is converted by bacteria to ammonia. 
Ammonia can indicate pollution and reducing conditions, which in turn affect the 
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mobility, toxicity, and aesthetic properties of metals, sulfur-containing 
c~mpounds, and other pollutants .. 

Unit (c) requires testing for arsenic. Arsenic is a trace inorganic 
substance that has been used in pestjcides, pharmaceuticals, paints, and 
industrial applications. It is a strong poison, ~1hich has sometimes been found 
in leacllates at concentrations greatly exc-eeding the primary drinking water 
standard of 50 ug/1. 

Unit (d) lists cadmium as a parameter to be included in the monitoring 
program. Cadmi urn is a heavy meta 1 used in a variety of products and 
applications, including ~lecroplating, paint, pigment, plastics, and batteries. 
Cadmium concentrations in leachate commonly exceed the primary drinking 1~ater 

standard of 10 ug/1 and sometimes greatly exceed it. Moreover, the proposed 
federal Maximum Contaminant Level Goal for public drinking water supplies is 
5 ug/1. See Exhibit XXIII. Cadmium is toxic to aquatic life at concentrations 
of 1 to 2 ug/1 or less. See Exhibit XXXX. 

Calcium, unit (e), is also a required monitoring parameter. Calcium is one 
of the most abundant naturally occurring constituents of Minnesota ground water, 
and is an abundant constituent of organic wastes. When dissolved in water, it 
forms a positively charged ion or cation. It is listed as a monitoring 
parameter because the major ion it forms is a major constituent of ground 11ater 
and is important in the cation-anion balance quality assurance test. Secondly, 
calcium has an important role in controlling the aquatic toxicity of many 
metals. Many metals, such as cadmium, are less toxic at higher levels of water 
hardness (calcium plus magnesium). See Exhibit XXXX. Elevated hardness is also 
common in leachate and has some value as an indicator of leachate pollution. 

Unit (f) requires chloride to be included in the monitoring program. 
thloride is another highly mobile, naturally-occurring major ion, a negatively 
charged anion. Chloride's numerous uses contribute to its abundance in mixed 
municipal solid waste. It is commonly used as an indicator of leachate 
pollution when natural chloride concentrations are low. It is also needed for 
the cation-anion balance, and it has a secondary drinking water standard of 
250 mg/1. ThJs limit is often exceeded in leachate-polluted ground water. 

Unit (g) lists chromium as a monitoring parameter. ·Chromium is widely used 
in chrome plating, rust inhibitors, paints and pigments, and many other 
industrial applications. It is another of the metals that can be toxic at low 
concentrations in water. Chromium in leachate commonly greatly exceeds the 
primary drinking water standard of 50 ug/1. 

Unit (h) requires the ground water monitoring program to test for copper. 
Copper is widely used in plating, wire, pipe, paints, insecticides, and many 
other applications, and sometimes occurs in mixed municipal solid waste land 
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disposal facility leachates at concentrations greater than the 1 mg/1 secondary 
drinking water standard. Copper is more soluble under low pH conditions, which 

•' 
are common in leachate-impacted ground water. Copper is toxic to aquatic life 
at concentrations lower than 10 ug/l. See Exhibit XXXX. 

Total dissolved solids (TDS) are listed in unit (i) as a ground water 
monitoring parameter. TDS is the total amount of solid material left as a 
residue when water, other liquids, and volatiles are evaporated. Total 
dissolved solids can be extremely high in leachate, and can contrast sharply 
with background concentrations. The secondary drinking water standard of 500 
rng/L is routinely exceeded in ground water that is impacted by a land disposal 
facility. Thus, TDS can serve as an indicator of such impact.s if background 
concentrations are low. It is an important factor in overall water chemistry 
and an influence on the activity or chemical availability of individual 
dissolved constituents. When compared against the additive total of all the 
_individual constituent concentrations, TDS also serves as an additional check on 

·analytical quality assurance. 
Unit (j) lists. the oxidation potential (Eh) of ground water as a monitoring 

parameter. Oxidation potential is a major control along with pH on the 
solubility and chemical form of many inorganics, including many metals. See 
Exhibit XXXXI and Reference 101. Leachate impacts often shift water quality 
toward reducing conditions. As a result, properties of many constituents, such 
as solubility, mobility, toxicity, and aesthetic character, can also change. 
Metals, such as iron, can shift from immobile to highly mobile in.the ground 
water. Some compounds convert to more toxic or objectionable. forms, e.g., 
conversion of sulfate to hydrogen sulfide. Eh is used by the Illinois \~ater 

Survey (IWS) as a routine stabilization test parameter for purging wells before 
samp 1 i ng (Reference 102 l, and has been. recommended for that purpose by IWS and 
EPA (References 88, 90 and 92). For annual testing, Eh is an important 
indicator of overall chemical behavior of ground water, a possible indicator of 
leachate impacts, and a quality assurance check. Repeating the Eh measurements 
in the field, then in the laboratory, indicates whether the sample's oxidatipn 
state has changed. An Eh shift can cause dissolved materials to precipitate out 
as insoluble species, resulting in unrepresentative monitoring results unless 
these precipitates are also analyzed. 

Unit (k) lists iron as a monitoring parameter. Iron is most soluble in 
water under anaerobic, low-pH conditions, so it is not surprising that it can be 
extremely abundant in leachate and leachate-impacted ground ~1ater. It commonly 
exceeds the secondary drinking 1~ater standard of 0.3 mg/L, and serves as another 
indicator of facility impacts. Iron chemistry can greatly affect the measured 
concentrations of other metals. For example, if anaerobic water samples are 

'> 
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allowed·to become aerobic, iron precipitation can remove toxic metals from 
solution through coprecipitation (Reference 103). 

Lead, unit (1), is a common heavy metal of high toxicity. Its primary 
drinking water standard is 50 ug/1 and proposed Maximum Contaminant Level Goal 
is 20 ug/1. Lead has many common uses, and its solubility increases in acidic 
leachate. Lead concentrations in leachate commonly exceed drinking water 
standards and natural ground water concentrations. 

Magnesium, unit (m), is another common cation. The rationale for including 
it among the annual monitoring constituents is the_ same as for calcium. 

Manganese, unit (n), is used in alloys, paints and dry cell batteries. It 
has a secondary drinking water standard of 50 ug/1. Manganese commonly occurs 
at much higher concentrations in leachate and can serve as an indicator of land 
disposal facility impacts. 

Unit (o) lists mercury as a monitori~g parameter. Mercury is a heavy metal 
that -is extremely toxic. Its primary drinking water standard of 2 ug/1 and 
propos·ed ~1aximum Contaminant Level Goal of 3 ug/1 are the lowest of any 
inorganic substance. Mercury has a tendency to accumulate in animal tissue 
and tan adversely affect aquatic organisms and humans consuming fish at 
concentrations as low as 0.012 ug/1. See Exhibit XXXX. Leachate concentrations 
of mercury are sometimes elevated above the drinking water standard. 

Unit (p) requires nitrate plus nitrite to be tested. Nitrate and nitrite 
are the oxidized forms of nitrogen. They can be toxic especially when consumed 
by infants. Nitrate concentrations in leachate sometimes exceed the primary 
drinking water standard of 10 mg/1. The P\Oposed Maximum Contaminant Level Goal 
for nitrite is 1 mg/1. Nitrogen is a· plant nutrient that can cause dense fungus 
and plant growth when discharged to surface water and can be an important 
component of the cation-anion balance. The substances are tested as a single 
unit because current analytical procedures do -not commonly distinguish between 
the two and no primary drinking water standard is established for nitrite. 

Potassium, unit (q), is one of the cations normally grouped with the major 
ions for purposes of characterizing overall ground 1~ater chemistry. It is an 
abundant constituent of organic matter of plant origin, so it is commonly found 
at elev~ted concentrations in leachate. It has been used as an indicator/tracer 
of leachate migration and may serve as a measure of the progress of organic 
decomposition within a fill. See Exhibit XXXVI. 

Unit (r) lists sodium as a monitoring parameter. Sodium, a light metal, is 
another major naturally-occurring cation whose main importance as a monitoring 
parameter derives from its role in characterizing overall ground water 
composition and its use in the cation-anion balance. Because it is present in 
table s~lt, baking soda, housahold cleane~s. and other common substances and 
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moves rapidly with ground water, it can serve as an indicator parameter of 
facility impacts. It can occur in leachates at.concentrations that can be 
hundreds of times higher than the 20 mg/L guidance level (Reference 104, p. 
25725) set by the American Heart Association for persons on sodium-restricted 
diets. 

Sulfate, unit (s), is a major anion of natural ground waters, and is a 
parameter used to characterize overall ground water chemistry as part of the 
cation-anion balance. Its concentration in leachate often exceeds the secondary 
drinking water standard of 250 mg/L. This limit is established because sulfate 
imparts a salty taste and has laxative effects above this level. Sulfate is an 
indicator of leachate impacts unless natural sulfate concentrations are also 
high, as is true in much of southwestern Minnesota's ground water. 

Suspended solids, unit (t), are nondissolved particles suspended in the 
water sample. In ground water samples, suspended solids normally are present 

' because of sampling techniques. The sediment usually is dislodged from around. 
or within the well and does not represent pa-rticulate matter actually being 
transported through the ground water flow system. In surface watprs and karst 
ground waters, the suspended solids are transported by the moving water. These 
solids may have various metals and other substances adsorbed to their surfaces. 
They may react with a fresh 1~ater sample by adding or removing constituents from 
solution. In either case, suspended solids represent a potential source of 
error that should be measured as a quality assurance check on the analysis. 

Zinc, unit (u), is a metal with many uses, e.g., batteries and solder, whose 
concentration in leacl1ate is elevated, frequently exceeding the seco,ndary 
drinking water standard of 5 mg/L and almost always exceeding aquatic life 
criteria. Aquatic organisms are adversely affected by zinc concentrations as 
low as about 0.05 mg/L (Reference 105). Zinc has value as an indicator of 
leachate migration in cases where anaerobic, low-pH conditions maintain zinc's 
solubility. 

Unit (v) lists the cation-anion balance in the monitoring program. The 
cation-anion balance is a quality assurance calculation rather than an 
analytical test. The calculation requires only the results from individual ion 
analyses and a calculator. It is probably the most commonly used method to 
serve as a check on the gross validity of ion analyses (References 106 and 107). 
Water is electrically neutral; i.e., the sum of cations in electrical 
equivalents should equal the sum of anions. If the calculation shows that ~he 
two are significantly different, it suggests an error in the analyses. The 
cation-anion balance has limitations, but its use in discovering gross errors at 
little or no cost makes the requirement reasonable. 

In summary, each of the parameters listed in subitem (1) is a reasonable 
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choice for annual ground water monitoring. The cost of analyzing the above 
list, excluding Eh, is approximately $300 per sample at the Minnesota Department 
of Health laboratory. The cost may be less at some commercial laboratories. 
This cost rises to about $425 per sample when the subitem (2) constituents are 
added. 

Subitem '(2) lists the parameters required to be analyzed three times per 
year. This list is shorter and costs about $120 per. sample .at the Minnesota 
Department of Health laboratory. This list is intended to indicate impacts 
rather than to represent a comprehensive analysis. 

The parameters under subitem (2), units (a) to (e) are indicators. 
Indicators normally are not considered harmful pollutants themselves, but often 
indicate the presence of more harmful constituents. The need for and 
reasonableness of subitem (2), units (a) to (e), is ·discussed in the following 
paragraphs. 

Unit (a) requires the appearance of samples to be noted. The specific 
information to be looked for is set out in Footnote (b) of this subitem. This 
information is needed because it enables a variety of inferences to be drawn 
about the water quality. Appearance is determined visually, so the only cost is 
for the minimal amount of the sampler's and analyst's time to write down any 
observations. Observations by b6th the sampler and analyst are required because 
changes in color or cloudiness may indicate a change in sample chemistry between 
the field and the labora~ory: Furthermore, visible films or other separate 
phases may not be evident immediately. In each case quantitative analyses can 
be used to confirm the visual interpretation if necessary. 

·The first condition listed in Footnote (b), color, may indicate various 
conditions, such as whether substances in the water are in an oxidized or 
reduced state. The oxidation state is one.of the main predictors of the 
mobility of.some pollutants, especially metals. Most dissolved metals are more 
mobile under reduced conditions. Cloudiness may indicate the presence of 
sediment or colloidal iron oxides that may interact with dissolved constituents 
to alter sample chemistry. Floating films indicate the presence of oils, 
solvents, or other organic chemicals immiscible in water. The presence of other 
liquid or gas phases, observable as blobs, layers, or bubbles, indicates the 
prese~ce, abundance, and possible identity of pollutants. Odors can indicate 
specific pollutants or conditions. An experienced analyst may even recognize 
the distinctive odors of certain aromatic chemicals. For example, a rotten egg 
odor is associated with the presence of hydrogen sulfide lthich indicates 
reducing conditions. In short, appearance can provide valuable information 
about water samples. 

Unit (b) requires the measurement o( pH. The hydrogen ion concentration or 
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acidity of the water is represented by the term, pH. Along 1vi th the oxidation 
state, pH is the other preeminent control on overall sample chemistry and 
metals mobility. Most metals become more mobile under the low-pH (acidic) 
conditions typical of leachate. The measurement of pH is ea·sy and rapid with a 
portable field instrument. Measurement in the field and in the laboratory is 
required to verify that the sample chemistry has not been altered by exposure to 
air or other conditions prior to analysis. 

Specific conductance, unit (c), is a measure of the 1vater's ability to 
conduct electricity. Conductance increases as the concentration of dissolved 
ions increases. Conductance serves as a replacement analysis for individual ion 
analyses. Elevated conductance readings in downgradient samples indicate the 
probable presence of chlorides, sulfates, carbonate speci.es, metals, and other 
ions found in leachate. Conductance is measured easily and rapi~ly with a ' 
standard portable instrument. Changes i~ conductance between the field and 
laboratory are not expected. If a change is found, it may indicate formation of 
precipitates, contamination by extraneous substances, or other changes in sample 
chemistry. 

Temperature, unit (d), is easily measured with a thermomete~. It serves two 
functions. It may indicate whether the samples were adequately chilled to 
prevent reactions during shipment and storage. Temperature also help 
distinguish waters of different origin, such as leachate-contaminated water or 
water recently infiltrated from the surface versus ambient ground water. Ground 
water normally maintains a steady temperature year-round only a few feet below 
the 1vater table. 

Unit (e), water elevation, is measured with a tape measure, electronic or 
acoustic probe, or other available portable instrument. Water elevation 
measurements are also standard sampling practice. They allow verification that 
the water table or hydraulic head conditions are normal and not under the 
influence of pumpage or other stress that may be altering ground water flow. 
Water elevation measurements also provide a continuous record of hydraulic 
gradients and of seasonal and longer-term fluctuations in ground water flow. 
These records may be especially important in areas with very slight flow 
gradients, because short-term or seasonal recharge due to snowmelt and rainfall 
may cause intermittent reversals of ground water flow direction. Water 
elevations may be useful for other reasons, such as indicating the pressure 
conditions that affect the solubility of gases in the water. 

Unit (f) represents the major departure from current routine monitoring 
practice at many facilities. Unit (f) requires analysis for volatiie organic 
chemicals three times per year. Volatile organic chemicals are a class of 
organic chemicals that are common constituents of household and industr.ial 
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solvents, degreasing agents, petroleum products, and other ubiquitous products. 
The test for volatile organic chemicals replaces six previous routine tests: 
chemical oxygen demand, chloride, nitrate, iron, ammonia, and sulfate; The 
first three have been required by the Agency since at least_ the mid-1970's; the 
last three have been required since 1982 (Refe~ence 93). See Exhibit XXXIV. 
Since the early 1980's, monitoring for volatile organic chemicals has been 
written into permits because they are commonly found in ground water at land 
disposal facilities .. The permit requirements are site-specific, however, the 
most common requirement is sampling on a two-year cycle. Unit (f) increases the 
testing frequency for volatile organic chemicals. The analyses for volatile 
organic chemicals will be required under the proposed rules at all land disposal 
facilities as routine parameters rather than the current six routine tests. The 
rea"sons for this change are discussed belov1, 

Volatile organic chemicals are analyzed using gas chromatography (GC) or gas 
chromatograph-mass spectrometer (GC-MS) analytical methods. A number of similar 
GC and GC-MS methods are used in Minnesota, including the Minnesota Department 
of Health's method 465-C (Reference 108); the U.S. Environmental Protection 
Agency's 500 series (Reference 109), 600 series (Reference 110), and 8000 series 
(Reference 111) methods. Variants of these are used by individual 1 aboratori es. 
In these methods, volatile organic chemicals are (1) extracted (purged) from the 
wate~ sample, (2) trapped in a short sorbent tube, (3) desorbed and swept into a 
gas chromatographic column, through which each individual chemical travels at a· 
different rate, and (4) recorded by a detector upon exiting the column. In the 
GC method, this process is often repeated using a second confirmation column to 
allow positive identification and quantification of any chemicals that have 
similar retention times in the first column. The output from the test is a 
chromatogram in which the various chemicals present in the water sample appear 
on the graph as peaks, or deflections of a pen trace. Each peak represents a 
discrete retention time corresponding to_ an individual chemical. The size of 
each peak is a direct· measure of the quantity of the chemical present. In 
summary, volatile organic chemicals are analyzed using a single test method, or 
two separate methods in the case of some of the EPA methods listed above; the 
list in unit (f) of 41 volatile organic chemicals does not represent 41 separate 
tests. 

Volatile organic chemicals are better indicators of more general ground 
water pollution at· mixed municipal solid waste land disposal facilities than the 
previously used parameters. The Agency has found that volatile organic 
chemicals are present in ground water where the traditional indicators have not 
yet influenced ground water quality. A 1986 Agency study showed that volatile 
organic chemicals were detected in ground water downgradient from 60 of the 61 
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permitted Minnesota facilities for which volatile organic chemicals had been 
tested. See Exhibit XXXXII. ·Although not discussed in that study, monitoring 
with traditional indicators had not revealed ground water impacts at some of the 
60 landfills. The results were consistent with those of an earlier Agency study 
that noted leachates from rural facilities contained distributions of volatile 
organic chemicals ~imilar to those at larger urban facilities. See Exhibit 
XXXXIII. As stated in the report, the Agency believes these chemicals will 
serve as useful indicators of pollution from mixed municipal solid waste 
leachate. The reasons for these findings are the ability to detect these 
chemicals at ldw levels (parts per billion concentrations); their ubiquitous 
nature in mixed municipal solid waste leachate; their absence in background 
ground water; and their mobility in ground water. In contrast, the traditional 
indicators normally occur as components of background ground water quality, and 
their concentrations must be raised by anywhere from several parts per million 
to several hundred parts per million in order to distinguish a polluted zone 
from -normal background fluctuations. Thus, even if one of the older indicators 
is detected at a monitoring well with the volatile organic chemicals, the 
traditional indicator must be at a concentration perhaps 1,000 to 100,000 times 
higher than the concentration of the volatile organic chemicals in order to be 
equally distinguishable from normal conditions. Volatile organic chemicals, 
then, appear to be more sensitive indicators of polluted conditidns. The Agency 
believes that their impact on ground water quality can be observed.earlier than 
the traditional indicators. 

The increasing role of volatile organic chemicals as indicators for ground 
water monitoring is also seen at hazardous waste sites. A 1985 study ranked the 
top 20 organic pollutants in ground water at 183 hazardous waste disposal sites 
based on the number of sites at which each contaminant was detected (Reference 
112). Of the 133 organic chemicals considered, 39 were volatile; the rest were 
Base/Neutrals, Acid Extractables, and Pesticides. Nine of the top ten compounds 
and 16 of the top 20 were volatile organic chemicals. Although there are 
differences between hazardous waste disposal sites and solid waste disposal 
sites, the results reflect the abundance and mobility of volatile organic 
chemicals and support their use as indicators of ground water pollutants. 

Many of the volatile organic chemicals have a direct health concern, in 
contrast to five of the six traditional indicators they replace (the exception 
being nitrate). See Table 8.- ·of the 41 ~olatile organic chemicals listed in 
subitem (2), 25 have Recommended Allowable Limits issued by the Minnesota 
Department of Health for long-term cons~mption in private d~inking water 
supplies. t~any of the Recommended Allowable Limits are at very low 
concentrations ·(Reference 57, see· also Table 8, column headed "MDH RAL"). The 
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Recommended Allowable Lmits are established based on health criteria for 
individual well users. As Table 8 sh01~s. of the 41 volatile organic chemicals 
listed in unit (f): 

all 41 have been detected in downgradient ground water at Minnesota 
mixed municipal solid waste land disposal facilities; See.Exhibit XXXXII; 
11 have federal Maximum Contaminant Levels (MCL's) for public drinking 
water under the National Primary Drinking Water Regulations; See Exhibits 
XXIV and XXXIX; 
18 will have i'1CL 's by 1989 (Reference 104) ; 

- 8 have federal health-risk-based Maximum Contaminant Level Goals 
(MCLG's) and 10 more have proposed r~CLG's; See Exhibits XXII and XXIII; 

- 33 must be monitored for in public water systems; See Exhibit XXIV; 
- 28 are listed as hazardous constituents in federal hazardous waste 

regulations under the Resource Conservation and Recovery Act (RCRA) 
See Exhibit XXXXIV; 

- 35 are required constituents for 'ground water monitoring at hazardous 
waste land disposal units in federal regulations under RCRA; 
See Exhibit XXXXV; 

- 38 are listed as hazardous substances in federal regulations under 
the Comprehensive Environmental Response, Compensation, and Liability 
Act (Superfund); See Exhibit .XXXXVI; and 

- 26 are priority pollutants for monitoring of discharges to surface 
waters in regulations under the Clean Water Act; See Exhibit XXV. 



co 
co 
0"> ...... . 
M 
N 

TI'JlLE 8 
c 
"' VUJ\fl!£ CIWI/i!C C/HI!Cft/5 HI UUR II" FW:fJJ:IICY (f ((CLJIUU:/Jf£ HJ WIUJJ W\llH 1\1" f.IIIJIJrSUII\ /1I>l:ll IUJICIP/Il_ IJWFILLS ::I 
!..._ 

.0 
(JJ 

LL vn:·s IIJIWIIIJ 11/\JLH 111l\H II 11\H lni.J\1\ IHJ\J~ 1nU1 rnUI (IJ{f.f)\ (]II\/ 
Ill 1111HJ. If'S IIlii JUG 1n)'o. N'I'Ull. I'WUIJ. I VIZ. N11)[S 

CIEMICIIL (IIU5lll Nil ll()K, '!16) Ill/~/ TY lUlL IU 1'~19 (Pill. \llC VII I IX 5WST. rwm. 
Sl IES s111:s './, !u/ccl (u~/1) (u~/1 l I·LI's J-1:1(;) tnll- I VIZ. (1{ LIST IULllf. 

11U:SWI IESIE!J a:m1. (uy/l l HJUNG WJSTIT HJJ. 
------

ci s-1 ,2-D icli1oroctltYlme ~1 41 ll7.2(11) 1.21Ul 70 X (70) X 
tr,ins -1 , 2- Die II 1 oroe UtY 1 me ~l 47 lll.Z(/1) I. 2rJ()5 Ill X (IU) X X X X x· 

1,1-Dillilon)CUoane 41 ~~ 79.7 1.1/16 X X X X X 
o-X.)'1me 21l ]l 73. 7(11) U.8'.W 410(11) X ( 4•10)(11) X X X 
m-Xy1me 2!l ]I 73.7(11) O.lOYl · 440(11) X (1\-10)(11) X X X 
p-Xyime 21l ]J 7J. 7(11) O.lOOJ MO(ll) X (41U)(B) X X X 

' r r idol Ol~dltYlene 40 5(\ UJ.O 1.462 31.2 5 X ~ro X X X X X 
M f eto·altY<kofUI"olll J.l 49 61.2 (Um (G) II) 
II) Umzme J5 Ul 5ll.3 U.Ullll 12 5 X ~ro X X X X X 

I 
1,1,1-T riclilorocUtill1C Jtl S'l 57.6 I. j 1:12 an l:Ul X a.o X X X X X 

Tolume JJ w 55.0 o:al69 2\Xll X (2\HJ) X X X X X 
lliclilm·cm'Ut.llle (ncUtYlene clilm·ide) 33 (,J 5U I.JJ5 IJII X X X X X X 
E UtY 1 bc<lll.~le Jl ~~ 52.6 () .!~72 GO (fill) X X X X 
llcelme 2·1 IJII !JJ.U U.l'nl X X 
., eto·acli lonlCUtYlme 2G ~ IJII.l I .G2.l 6.9 X X X X X X 
t1clltYl elltYI kelwe 2J 4B ~~- 9 O.IIY.i4 · 112 X X X 

1,2-lliclilorocUkllte zn ~D 4/.5 1".256. 3.!3 .-
" X ~ro X X X X X 

Chi m·o1cth.-u1e. 2G 56 <16.4 0. 92 X X X X X 
E UtYl eth~r - 21 46 41:7 0.714 (G) 
Oich I onxli fluorutcthme . ' 25 51 43.9 ) .41~ (F) X X ( r.) 

1,2-0ichlmwropillte "2'j !Jl 4J.l 1. Pi!jiJ 6 X ( 6)(£) X X X X X 
I•HitYl is<huty1 ketCJle (IJ ·4B 4!.7 O.llll X X 
T richlurof.lum Oil!llkllte 21 'jl JG.D 1.4'!4 (F) X X (G) 
Chlorofm1n 22 61 JG .I 1.4')16 5 IW(Il) X X X X X 

. ChlmWtlklllC _2U 56 JG. 7 O.W2B X X X X X 



co 
co 
0"\ .--. . 
M 
N 

c 
"' ::::1 
!... 

.Cl 
QJ 

u_ 

I 
~ 
LO 
L() 

I 

. . . . 

~;---~ ~t:~;;rf~ 

VI X: 'S Ill mow WIILR IHJ\1( IJIIJH( IJIIJ>I( IHJW( ~RA ~RA CE~LA (}lA/ 

'AI 1·111111. LF'S 1·1!\1 . rn.r; ~1)'0. N'PE/ll. N'PEIJl. IV\Z. I !IllS 

CJ[NICN_ (IJLLS(IJ IW IJOK, '!lli) IHJS!IY 11/>J. JH 19fl') (l'lll. vn: VI II IX SKlSf. rmm. 
sms SIIES 'L (g/cc) (119/l} (ug/l} -1-U.'s l·t:LG} I:UJI- I VIZ. (lJ usr 1-U.Uff. 

!Ht:SUII IESI[IJ U:CIJIL (ug/l} TUHNG WIST IT Mll. 

I, l-Dich lorocUtYime 1ll 5') JJ.5 1.218 7 7 X 7 X X X X X 

D ich lorofluororeU\illlC 13 . 45 28.9 1.426 
Curcne 13 48 27.1 O.f>fYl X (G) 

C h 1 on:llm zcne (nmoch lonl>mzcnc} ll 57 22.8 1 . ](XJII w ( ffl} X X X X X 

Vinyl chloride 11 58 19.0 0.9106 0.15 2 X LErO X X X X X 

Ilro1rxl i ch l oro1~;Urne 10 58 17.2 1.913 liJJ(D} X X X X 

1,1,2-Trichlor'02ll•1ne fJ 61 13 .I 1.4405 6.11 X X X X X X 

1 , 1,2-'1 riel !I omld fluoroeU•me 6 47 12 .!l · I.SG35 
!liUIU!I;U>liiC 7 51 12.3 1.732 X X X X X 

I ,4-0ichlon::l>enzcne 7 93 12.1 1.533 75(C} 75 75 X X X X X 

I, I ,2 ,2-l etr·achloroeUlillle 5 58 8.6 1.591)11 1.75 X X X X X 

Allylchl or ide 4 4H 8.3 0.9397 29.4 X X (G) 

Caouoo telrachlodde 4 59 6.8 I. 59'12 2.7 5 LErO X X X X X 

Oruoufonn 3 55 5.5 UHJ'l 11JJ(D} X X X X X 

1,2-Dichlonlx.•llme 3 511 5.2 J.JY18 620 X (620} X X X X X 

I ,J-Oichlon.IJt11ZWe 3 5/l 5.2 I. 281ll X X X X X 

F ootJJo\es: 

A Occunu1ce dala is for C[)ILlncd cis- plus Ll·,uos-1,2-dichlorocUtYlcne. 

0 lhnil>crs are for cooLined o- plus nf- plus p-xyk11e. 

C RAL fm· 1,4-dichlon1X'flZL1le rcvis•~l hasc,luJ [I'll ll1xinun CmlilllinJnt Level. 

D ~\.oxinun Cmwninant Level is ICXl ug/1 for tie s1nn of tlese Un·ce t.rihalweUJilliCS plus chlorolihroJIIIICU~<me. 

E PrqXJscd H1xinun CmL,-.rrinant Level Go.Jl uivcf\ in 51 fc~lcr:!J_l_~JiSLer·, p. 4618, fdm1ao-y 6, 191.\6. 

F l·l11i loring cmdi timally re<pirul. 

G lk1zonk'-•S SIAJstances listed in fc~b-,rl S11perfund re01rlations but not listed as r-e<frircd illlalytical parilll'lcl'S in U~ EPA Cmtract Lahorator·ies Progran, OcW>er 
1984 "Infon1utim for Oiillers" (Heferc<lCe 121}. 

~:~"··i_t .t:. ~: ;4:: t~~t~- _-:.:T~\:t~.--{: .t!.\.t(it ~tt;·· 



February 23, 1988 

-555-

The following notes provide an explanation of the column headings found in 
Table 8. 

Column 
Headings 

MDH 
RAL 

NPDWR 
MCL 

NPDWR 
1989 
MCL's 

NPD\~R 

MCLG 
( PPD. 
~~CLG) 

NPDWR 
REQ 'D. 
voc 
MONI
TORING 

RCRA 
APPEND. 
VIII 
HAZ. 
CONSTIT. 

RCRA 
APPEND. 
IX 
GW 
MON. 

CERCLA 
HAZ. 
SUBST. 
LIST 

CWA/ 
NPDES 
PRIOR. 
POLLUT. 

Explanation 

Minnesota Department of Health Recommended Allm1able Limit, in 
micrograms per liter (Appendix VI). 

National Primary Drinking Water Regulations, Maximum Contaminant 
Level, in micrograms per liter (Exhibits XXIV and XXXIX). 

Compounds for which, under the 1986 reauthorization of the Safe 
Drinking Water Act, the U.S. Environmental Protection Agency is 

·required to have Maximum Contaminant Levels promulgated by 1989 
(Reference 104). 

National Primary Drinking Water Regulations, Maximum Contaminant 
Level Goals (Exhibit XXII), or if parenthesized, proposed Maximum 
Contaminant Level Goals (Exhibit XXIII), both in microg~ams per 
liter. 

National Primary Drinking \4ater Regulations, volatile organic 
chemicals required for monitoring in public water systems 
(Exhibit XX IV) . 

Hazardous constituents listed in Appendix VIII of the federal 
hazardous waste regulations (Exhibit XXXXIV). 

Hazardous constituents required for ground water monitoring under 
Appendix IX of the federal hazardous waste regulations 
(Exhibit XXXXV). 

Hazardous substances listed in regulations under federal Superfund 
(Exhibit XXXXVI). 

Priority pollutants listed in regulations under the federal Clean 
Water Act (Exhibit XXV). 
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In summary, volatile organic chemicals represent a direct threat to public 
health, and they. are useful indicators of ground water pollution. 

The tests for volatile organic chemicals are more costly than for the 
traditional indicators, partly because of the greater need for quality control. 
The Agency's cost for gas chromatographic (GC) analysis at the Minnesota 
Department of Health laboratory ($107.70 per sample in 1987-88) is $20.00 higher 
than the cost of the six traditional indicators. Analysis by gas 
chromatograph/mass spectrometer (GC/MS) is less costly, at $87.00 per sample. 
Private laboratories may charge somewhat more for analysis for volatile organic 
chemicals than the MDH. Bids at a western Minnesota rural facility in early 
1986 1~ere in the range of $120 to $150 per sample. Prices may have become more 
competitive since then. A 1985 survey by the U.S. Environmental Protection 
Agency's Office of Drinking Water found wide ranges in the cost of volatile 

' organic chemicals analyses at their contract laboratories. For a list of 60 
chemicals, 13 responding laboratories reported a range in costs for GC analysis 
of $75 to $500 per sample, with a mean of $187 per sample. For GC/MS analyses, 
23 responding laboratories reported lower costs, $50 to $300, but the mean cost 
was somewhat higher, at $197 per sample. See Exhibit XXII. Although somewhat 
dated, this survey illustrates that the facility o~mer or operator can reduce 
costs substantially by careful selection of testing laboratories. 

The specific volatile organic chemicals listed as indicators were selected 
because they are found in ground water at Minnesota land disposal facilities. 
The 1986 Agency study cited above compiled the occurrences of 54 volatile 
organic chemicals in ground water at i4innesota land disposal facilities. See 
Exhibit XXXXI. The 54 chemicals studied were listed as analytes in Minnesota 
Department of Health method 465. Reference 108. These results are summarized 
in Table 8. Thirteen of the 54 were found at fewer than five percent of the 
facilities. Four of the 13 were never found. In contrast, the rate of 
occurrence was as high as 87 percent for combined cis- plus 
trans-1,2-dichloroethylene. Further examination of the raw data used for the 
study revealed that at each facility where one of the nine other volatile 
organic chemicals was found, some 12 to 35 total volatile organic chemicals were 
present. Furthermore, only one of the 13, 1,2-dibromoethane (EDB), has a MDH 
Recommended Allowable Limit, and it was not·found at any of the 52 land disposal 
facilities where it was tested for. See Appendix XV. 

In combination, these considerations indicate that it is reasonable to 
exclude the 13 chemicals rarely found at facilities from the list of 54 
chemicals used by the Minnesota Department of Health si~ce it does not appear 
that they are needed for detection monitoring. The Agency, under item B, can 
require testing for the 13 omitted chemicals if a more complete analysis is 
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needed for compliance monitoring or other reasons. 
The list of 41 also provides a reasonable distribution of densities. As 

Table 8 shows, the list includes both lighter-1veight species with densities less 
than one gram per cubic centimeter and heavier species with densities greater 
than one. The density of a chemical in relation to ~1ater, which has a density 
of one gram per cubic centimeter, will determine at what depth the chemical will 
be found in the ground water. 

Finally, it should be noted that a few commentors wondered whether one of 
the available total organic analytical methods, such as total or dissolved 
organic carbon (TOC and DOC, respectively) or total -organic halogen (TOX) might 
provide a reasonable alternative to the scan for volatile organic chemicals. 
The two main reasons why the total organic analytical methods are less 
reasonable are because these methods do not identify individual chemicals, so 
health risk cannot be evaluated, and they are much less sensitive than the scans 
for volatile organic chemicals. The nominal detection limits for TOX and TOC 
are 25 and 1000 micrograms per liter respectively. This compares to GC 
detection limits of less than 1 microgram per liter for tile volatile organic 
chemicals (Reference 112). This reference also gives additional reasons why the 
scans are preferable. 

Item D lists other parameters the Commissioner may require to be tested in 
addition to those listed in item C. This provision establishes a basis for 
testing requirements developed pursuant to items B and C. For facilities 
subject to either items B or C, ite'" D provides needed flexibility to add 
monitoring requirements for good cause, and reasonable constraints on what 
constitutes good cause. This flexibility must be preserved because, at all 
facilities, site-specific conditions and evolving scientific understanding of 
ground 1~ater monitoring invalidates standardized testing regimes. The Agency 
recognizes the difficulty of testing for every possible pollutant in lJachate; 
the need to rely partly on well-chosen indicator parameters; and the need to 
evaluate methods carefully before adding more monitoring constituents. The 
types of monitoring that may be required are established in subitems (1) to (8). 

Subitem (1) allows tile Commissioner to"require monitoring of substances of 
concern to public health, public safety, or the environment. These include 
substances with standards or alternative standards under subpart 4 or other 
potential pollutants. Chemical, microbiological, and radioactive substances 
could be future candidates for monitoring under subitem (1). The Agency must be 
able to require testing for all substances that may directly threaten health, 
safety, and biological communities. 

Subitem (2) authorizes the Commissioner to-require testing of pollutants 
that can adversely affect the taste, odor, or appearance of the water or 
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otherwise adversely affect the public welfare. As discussed in relation to 
subpart 4, item H, subitem (4), some pollutants in leachate can affect taste and 
odor or otherwise limit use of the water at concentrations lower than 
concentrations that would be a health concern. 

Subitem (3) allows the Commissioner to require testing of major dissolved 
ions. As discussed regarding item C, subitem (1), the most abundant dissolved 
ions influence tl1e overall chemical behavior of the water sample. Furthermore, 
the quantities of major ions must be known in order to calculate the 
cation-anion balance. Generally, the major ions listed in item C will be 
sufficient. However, subitem (3) reasonably allows additions if an unlisted ion 
is identified as a significant constituent. 

Subitem (4) authorizes the Commissioner to require monitoring for substances 
or properties that may be indicators of water pollution. The discussion of item 
C has already established the need for and reasonableness of the use of 
indicator substances in ground water testing. Subitem (4) allows additions of 
any useful indicators not listed in item C. 

Subitem (5) allov1s the Commissioner to require monitoring for substances 
that may cause analytical interferences or otherwise affect water quality 
determinations. Some analytical methods have a limited ability to differentiate 
between an intended analytical substance and other substances that may cause 
similar instrument responses. Secondly, some methods, such as gas 
chromatography, may be able to detect but not identify substances. These 
concerns arise with mixed municipal solid waste land disposal facilities because 
leachate has su~i1 a diverse composition. Potential health impacts from unknown 
substances and the availability of other methods to positively identify them 
make it necessary to all01~ the Commissioner to require testing for possible 
interfering substances. 

Subitem 1 (6) authorizes the Commissioner to require monitoring of properties 
related to the movement of pollutants, such as potentiometric head in the 
saturated or unsaturated zone. The importance of understanding pollutant 
movement has been discussed extensively under subparts 3 and 10. Monitoring 
tension head in the unsaturated zone (above the water table) is one means to 
detect liner leakage or lateral migration of pollutants. Subitem (6) allows for 
continued monitoring .of ground water and pollutant movement where the patterns 

I 

and rates of movement are uncertain or changeable. 
Subitem (7) allows the Commissioner to require monitoring of bed sediments, 

aquatic organisms, other media, and stream discharge rates. Pollutants are 
often precipitated or otherwise concentrated in bed sediments at levels that can 
be harmful to bottom-dwelling (benthic) or bottom-feeding organisms. 
Precipi~ation is caused by changes in chemistry from reducing (anaerobic) 
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conditions in the ground water to oxidizing (aerobic) conditions in the 
near-shore surface water. These changes occur at the sediment-surface water 
interface (References 101 and 113). Pollutants in bed sediments can also be 
released into the surface water by seasonal changes in surface water chemistry 
or periodi£ streambed erosion. Where pollutant concentration in bed sediments 
may present a threat, the Commissioner should have the ability to require 
sediment testing. 

The Commissioner should have the ability to require monitoring of aquatic 
organisms so that direct impacts on aquatic life can be evaluated. Again, the 
need may be infrequent, but cases may arise ~here impacts are best determined by 
surveying benthic populations to reveal deficiencies indicative of pollution, or 
by analyzing benthic or fish tissues, where pollutants can be concentrated by 
bioaccumulation. 

Finally, the Commissioner should be able to require measurement of stream 
discharge rates because streamflows vary with weather patterns. The amount of 
flow available for dilution of pollutants in discharging ground water will also 
vary substantially. It is important to know whether a pollutant concentration 
was measured under lo~1, high, or typical f101t conditions in order to estimate 
pollutant concentrations at other times. Streamfl ows are commonly measured by 
long-term government programs using permanent gauging stations or 1~ith survey 
gauging procedures._ 

Subitem (8) authorizes the Commissioner to require monitoring of leachate 
composition and leachate release rates in the unsaturated zone. This 
information makes it possible to detect and quantify the rate of leachate loss 
from the leachate containment structures and to evaluate the possible impacts. 

Item E requires the facility ovmer or operator to determine water quality in 
ne1~ monitoring systems and the range of seasonal variation in water quality. 
Subpart 3, item I requires initial sampling of monitoring points developed as 
part of the facility's hydrogeologic evaluation. Item E establishes more 
specific requirements for this initial sampling. Item E.also applies to 
monitoring points installed at times other than during the hydrogeologic 
evaluation. As discussed at greater length under subpart 3, item I, initial 
water quality monitoring establishes base conditions against which subsequent 
measurements are compared. Because these base conditions are not-static, it is 
necessary to measure seasonal variability. Future high concentrations will not 
be erroneously attributed to impacts from the facility, if it has been shown 
that background water quality can reach thes_e levels. 

Item E further requires the Commissioner to establish the sampling 
frequencies, analytical constituents, and other conditions for the initial water 
quality monitoring based on the site's ground water flow conditions and known 

/ 
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water quality. This prov1s1on ensures that specific site conditions are 
reflected in the sampling program. The rationale for considering site-specific 
conditions is the same as was discussed above for item B. 

Finally, item E requires at least quarterly background monitoring until 
waste disposal activity begins at ne11 or expanded facilities. This provision 
provides a record adequate to analyze the variation in 1~ater quality and ensures 
that tile record is continuous. Facility owners may find it in their interest to 
collect more data than is required, so that the range of background variation is 
clearly established. Initial monitoring should be timed to account for seasonal 
variations because the data will inform decisions on the frequency and timing of 
future sampling. 

Items F through L contain requirements for sampling, sample storage and 
handling. Experience demonstrates the need to assure consistency, reliability, 
and quality assurance during sampling (References 88, 89, 90, 92, 98, 114, 115 
and 116). Items F through L provide that assurance. 

Item F requires the facility owner or operator to submit only samples 
collected by persons who have received training in sampling. Compliance with 
this condition will ensure consistent sampling procedures and reliable 
monitoring data. Sampling requires technical knowled~e and procedural care. 
Sampling by untrained personnel may result in erroneous test results because of 
the mishandling of samples. It is not in the interest of the Agency, or the 
public, or the facility mmer or operator, to have sampling errors generate 
false results. On-the-job training by experienced personnel, in-house 
procedures manuals, and formal training courses on sampling techniques are 
available. Item F requires that training cover procedures established under 
items G to L for the required classes of analytical substances. Sampling for 
each class of substance has unique sampiing procedures, including avoiding air 
contact and degassing for volatile organics and adding acid sample preservatives 
for metals analyses. 

CQmmentors stated that sampling by the facility owner or operator should not 
be allowed. They believe that sampling should be done only by a disinterested 
third party or, in the opinions of some, by a certified laboratory. Several 
commentors noted that many facility owners insist on, third-party sampling to 
avoid any question of impropriety. Using a laboratory to collect, transport, 
and anaiyze samples brings the entire sample history under the control of one 
party. This increases the credibility and consistency of the sampling and 
analytical process. 

The Agency agrees with this approach and routinely recommends that facility 
owners or operators contract for sampling. However, Minnesota does not have a 
certification process for laboratories conducting pollution analyses. Without 
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certification there is no assurance that laboratories will always do a better 
job. Without a certification program the State has no regulatory control over 
laboratories. The Agency's regulatory authority is over the facility owner or 
operator through the facility permit. Therefore, the Agency has not required 
third-party sampling or analyses in this or any rule. Until a certification 
program is developed for sampling and analysis, it is reasonable to allow 
self-sampling. 

Item G requires the facility owner or operator to develop and maintain a 
written monitoring protocol. The monitoring protocol will contain the 
procedures to be followed for sampling and analysis. Compliance will assure 
consistency and completeness in sampling and analysis. It assures that sampling 
procedures are coordinated and compatible with the analytical procedures and 
vice versa. The monitoring protocol is intended to be useful, up-to-date and 
routinely used by sampling and analytical personnel. 

Subitem (1) requires that the monitoring protocol describe in detail the 
sampling and sample transportation procedures to be followed under items H to L 
and the analytical procedures to be followed under items M to 0. This provision 
specifies the required contents of the protocol and clearly indicates that the 
protocol must be thorough and detailed. ~ach procedure or precaution required 
under items H toM is important to assure reliable results. Incomplete 
descriptions of the protocols or procedures 1-1i 11 not supply the necessary 
guidance needed by sampling and analytical personnel. 

Subitem (2) requires the monitoring protocol to be submitted for the 
Commissioner's approval and included in the operations manual required under 
part 7001.3475. The first of these provisions makes possible Agency review of 
the protocol to determine compliance with subpart 14. Currently the Agency 
reviews laboratory quality assurance plans, notes deficiencies, and relays 
recommendations to the facility owner or operator. Placing the monitoring 
protocol in the operations manual will help ensure that other provisions of the 
operations manual are coordinated with the monitoring constraints. 

Subitem (3) requires immediate revision of the protocol tq reflect changes 
in the monitoring system, field or analytical procedures, s·ampling personnel; or 
analytical laboratories. Compliance with this requirement wil·l ensure that all 
personnel are following current procedures. The monitoring protocol must also 
be revie1ved at least annually by the facility owner or operator, sampling 
personnel, and analytical laboratory, and revised as necessary. This provision 
assures a regular review to identify deficiencies and improvements needed. 
Annual reviews should reflect emerging technology in ground water monitoring. 

Subitem (3) also requires the facility 01mer or operator to submit rev1s1ons 
of the monitoring protocol to the Commissioner upon written request or as 
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specified in a facility enforcement document. This provision provides the 
Agency the current protocol, if needed. The requirement is made conditional in 
order tb avoid the burden of another routine submittal to the Agency. Finally, 
the facility owner or operator must retain records of past protocol language 
through the postclosure period. Long-term trends in ground water quality 
monitoring are relied on to determine impacts from a facility. It is important 
in establishing the validity of monitoring results to know with confidence the 
sampling and analytical procedures used to generate data. 

Subitem (4) allows the Commissioner to establish specific procedures and 
quality control requirements for monitoring, if necessary to assure confidence 
in the results. Compliance with this provision will ensure monitoring data 
reliability. Site-specific requirements can be imposed only when the monitoring 
data would otherwise be questionable. Confidence as used in subitem (4) has 
both a qualitative and a statistical meaning. In the ·qualitative sense, the 
Commissioner must establish the requirements needed to assure that the 
monitoring results are reliable and accurate. These requirements may combine 
basic precautions common to all monitoring and other provisions designed around 
a particular facility's monitoring program. The needs may change over time. 

Statistical confidence is a technical measure of the accuracy of statistical 
findings. A finding is said to be associated with a specified level of 
confidence. For example, assume that a survey finds that 45 percent of the 
people in a sample intend to vote for a particular candidate and that this 
result is valid at the 95 percent level of confidence. The measure of 
statistical confidence means that repeated sampling of the same universe will 
yield the same result 95 percent of the time. Five percent of the time normal 
random error will cause the survey to yield different findings. The accuracy of 
findings increases with higher levels of statistical confidence. 

Analysts who make statistical interpretation of ground water monitoring data 
may develop new methods or standards. Therefore, it does not seem pruderit to 
specify closely the level of confidence needed in the rules. Different 
statistical levels of confidence are appropriate under different circumstances,· 
e.g., proving a violation of standards versus long-term tracking of a facility 
that seems to be having no impact on 1~ater quality. Subitem (4) identifies 
appropriate requirements to assure confidence in· the monitoring results. 

Unit (a) allows the Commissioner to set limits for precis~on, accuracy, and 
other measures of the reliability of field procedures and analytical results. 
Precision is a measure of whether results from ·a test method are reproducible. 
Accuracy is the measure of h01~ close a test method cor:1es to the true value. 
Each is a standard determination in analytical laboratories. This provision 
allows the Commissioner to establish acceptable limits for the quality control 
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measures if the limits improve confidence in monitoring data. 
Unit (b) allows the Commissioner to specify the conditions for and 

frequencies of quality control samples, measurements, or procedures in the field 
or analytical laboratory. A variety of quality control samples, measurements, 
and procedures are routinely used in analytical work. The Commissioner must 
establish minimum standards for use of these procedures to assure confidence in 
the test results. 

Unit (c) addresses the use of gas chromatograph/mass spectrometer or other 
analytical procedures to achieve positive identification and quantification of. 
sample- substances. Some analytical methods_cannot uniquely identify or quantify 
a test response. For example, a gas chromatograph yields a record of instrument 
deflections. Each deflection corresponds to a substance retained for a 
different time in the chromatographic column. These peaks are then matched 
agaihst retention times that have been determined for known substances. A 
tentative identification is made when the retention time corresponds to a known 
value. However, it is possible that other substances have the same retention 
time, so the identification is not certain. Greater certainty can be achieved 
by repeating the analysis on a different type of chromatographic column. It is 
much less likely that an unknown substance will have the same retention time as 
the identified substance on both columns. However, identification is still not 
guaranteed. 

In cases. where positive identification is essential, it may be necessary to 
use a more precise method. The gas chromatograph/mass spectrometer (GC/MS) is 
one such method. The GC/MS produces a mass spectrum that can be uniquely 
matched to a single substance by using a computerized library of known spectra 
to achieve a positive identification. Some experts have concluded that GC/MS is 
preferable to gas chromatography for most environmental monitoring 
(Reference 117). See Exhibit XXVII. However, it is the opinion of the Agency 
and ~1innesota Department of Health staff that gas chromatography methods using 
two columns are adequate for many monitoring purposes. Gas chromatography is 
more widely available, offers lower d~tection limits than GC/MS, and is often 
cheaper. In summary, required use of GC ;r~s and other methods is reasonab 1 e ~~hen 

there is a need to be certain about pollutant identity and quantity. 
Item H specifies the minimum contents of the monitoring protocol for 

sampling and in-field test procedures. Subitem (1) require~ identification of 
monitoring point locations, elevations, and the order in which monitoring points 
are to be sampled. The Commissioner must know the locations of ~onitoring 
points. Elevations are needed to determine water elevations in the monitoring 
points. Specifying the order qf sampling establishes-c;onsistency between 
sampling events and minimizes potential sampling errors. Progression from the 
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least polluted to the most polluted monitoring point m1n1m1zes the potential for 
false readings due to pollutant carryover from sample-to-sample. 

Subitem (2) requires a listing of all tests, measurements, and procedures 
needed at each monitoring point, and the order in which these procedures will be 
conducted. Compliance with this requirement will ensure consistency and 
completeness in sampling. The required list will also provide sampling 
personnel with a checklist of everything that must be done at a monitoring 
point. The order is important so that successive procedures do not interfere 
with each other. 

Subitem (3) requires a listing of the equipment and containers to be used 
and procedures and precautions for equipment and container use. Compliance will 
assure consistency and provide a checklist for personnel to use in preparing the 
equipment for sampling. Subitem (3) also requires identification of precautions 
needed to avoid ·introducing contaminants into monitoring wells, samples, and 
equipment. Examples of such precautions include placing sampling equipment into 
clean containers when not in use,-leaving sample containers capped until ready 
for filling; and cleaning equipment between uses. These provisions assure that 
samples are not contaminated by the sampling and sample handling procedures. 

Subitem (4) requires that the monitoring protocol list the procedures for 
evacuating each monitoring well before sampling. As discussed under subpart 10, 
item N, a protocol is needed to determine how much water must be removed from a 
well casing before sample collection. Two methods are commonly used.. One 
method is to conduct a stabilization test before each sampling, i.e., remove 
water until measured values of such indicators as pH, temperature, and 
conductance remain stable (References 90 and 92). An alternative method is to 
conduct a one-time or occasional stabilization test, then remove the same amount 
of water before each subsequent sampling .. Because of the variety of approaches, 
consistency is promoted by defining the procedure to be followed in the 
monitoring protocol. 

Subitem (5) provides that if surface water or leachate monitoring is 
required, the sampling protocol must include procedures for that monitoring. 
The protocol must establish the exact sampling location and depth. Compliance 
with this provision assure comparability of sampling conditions between sampling 
events. If a series of surface water samples·is taken from different locations 
and depths, the observed differences in water quality may be due to positioning 
of the sampler rather than a true change caused by the facility. Leachate 
sampling requires similar precautions. For example, the composition of a sample 
at the bottom of a leachate sampling point might be quite different than the 
composition at the top due to separation of the substances, which stratify based 
on density and chemical solubility. 
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Subitem (6) requires that quality control procedures be established for 
field activities and sample transport to identify outside sources of 
contamination and sampling error. The.procedures must identify the type, 
number, and handling techniques used in obtaining quality control samples. 
Quality control samples and procedures are used to verify the success of all the 
precautions taken. Quality control samples are essential· in sampling volatile 
organic chemicals because other substances can be introduced from foreign or 
airborne sources. A quality control technique commonly used is various kinds of 
trip blanks. The blanks are samples of distilled water that are either prepared 
in the laboratory or transferred to sample containers in the field, then 
subjected to the same handling and transportation procedures as the real 
samples. If volatile organic chemicals are found at similar concentrations in 
the ground water samp 1 es. and trip b 1 ank s, the cause may be something in the 
sampling procedures or ambient air rather than in the ground water. 

Subitem (7) requires procedures and criteria be established for field 
filtration of samples. Filtration removes suspended sediment so that pollutants 
adsorbed to the sediment particles do not bias analytical results. 'There are a 
variety of approaches to filtration and a number of situations that may cause 
changes in sample chemistry. Filtration will be discussed further under item K. 

Subitem (8) requires procedures for sample preservation, including the use 
of preservatives and cooling requirements. This condition identifies measures 
essential to maintaining the sample composition. Common preservation procedures 
include the addition of acid to samples that will be tested for metals and 
packing sample containers in ice to retard biological and chemical breakdown of 
organic pollutants. Because there are different preservation needs for 
different samples, the protocol should identify the necessary pro~edures before 
sampling. 

Subitem (9) requires procedures for labeling, handling, storage, and 
transport of samples. These requirements ensure the validity of the samples. 

Subitem (10) requires that the monitoring protocol contain chain-of-custody 
procedures. A chain-of-custody is a record of signatures, times, and dates, 
showing the sequence of persons who had custody of the sampl~s from collection 
to completion of analyses. The chain-of-custody ensures that samples are 
continuously secure from intentional and unintentional disturbance. Requiring 
chain-of-custody procedures is common when security is needed. Requiring chain
of-custody procedures is reasonable because samples are susceptible to tampering 
and disturbance, which could affect the analytical results. The experience with 
Minnesota land disposal facilities indicates enforcement action is possible at 
any facility. Since even future land disp'osal facilities win generate leachate 

·and may leak, it is reasonable to require a basic level of custody control so 
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that enforcement actions will proceed with confidence. 
Subitem (11) requires the monitoring protocol to list the procedures, 

measurements, and observations that sampling personnel are to record. This 
provision ensures that sampling personnel are aware of the records needed for 
each sampling event. The preferred approach is to use a ~hecklist so that 
consistency does not depend on what personnel can recall. 

Item I requires that facility ovmers and operators use equipment, materials, 
and procedures in well evacuation, sampling, and subsequent sample handling to 
minimize conditions that alter sample composition. It is well-documented that 
the chemistry of samples may be altered in many ways. Some of the conditions 
that could alter sample composition are listed in this item. Four of these 
conditions, turbulence, water contact with air, gas exchange, and 
depressurization, must be minimized because they change sample pH and cause 
out-gassing or introduction of volatile organic chemicals. Sampling devices and 
sample handling precautions are available to minimize these conditions. 
Depressurization is a concern if samples are drawn from great depths. If 
depressurization is important, special sampling.devices may be needed. 
Adsorption is the chemical bonding of substances to solid surfaces. Adsorption 
can be avoided by using devices and procedures that minimize contact time and 
surface area or are constructed of inert materials, and by using careful 
sampling procedures and in-line filtration that minimize sediment yield and 
sediment residence time in the sample. Desorption is the release of pollutants 
from sampling devices or sediment in the sampling device or sample. Desorption 
can be minimized by using clean, inert sampling and filtration equipment and 
procedures that_minimize sediment yield and contact time. Finally, chemical 
reactions can be minimized through proper preservation procedures and by 
avoiding contact with air. Applying the requirements of this item will increase 
the reliability of water samples. 

Item J establishes two procedures that must be completed before a sample can 
be collected. The first, measurement of the water level to the nearest 0.01 
foot, is justified under item C, subitem (2), unit (e). A steel measuring tape 
graded in 0.01-foot increments can yield reproducible results. Other devices 
also can provide this level of accuracy. Accurate measurements to the 0.01-foot 
increment are required because of their use in establishing ground water flow 
gradients, which tend to be slight. 

Item J also requires that a procedure be developed and followed for 
evacuating each well before sampling. This procedure must be a stabilization 
test, recovery rate test, or other procedure that can be justified based on the 
initial testing of the well. These procedures are established under subpart 10, 
item N and in item H, subitem (4) of this subpart. The requirement for 
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developing the procedure is included in this subpart to ensure that the 
monitoring results are representative of actual ground water quality. 

Item K allows the Commissioner to require filtration wherever necessary to 
obtain sediment-free samples representative of actual ground water conditions. 
The intent of sampling is to measure the dissolved pollutants traveling in the 
ground water, not the pollutants adsorbed onto soil or filter pack materials 
dislodged during sampling. If this dislodged sediment is present, filtration 
removes it and provides a sample that represents actual ground water conditions. 
If a well does not produce sediment, filtration is unnecessary. If the sampled 
well is a drinking water supply well, the usual procedure is to take unfiltered 
samples, so that the analysis takes into account everything consumed, both water 
and sediment. Filtration has been a standard practice by the U.S. Geological 
Survey for years. It has become common practice in other ground 1vater 
investigations. The Agency shares the concerns expressed by some commentors 
that filtration should not be used to make up for the deficiencies in well 
construction. Filtration does not change the fact that poorly-constructed wells 
that yield excessive sediment may need to be replaced or redeveloped. 

Item K requires filtration to take place, as needed, at the monitoring point 
location using procedures that minimize the loss of dissolved constituents from 
solution, such as in-line filtration. Compliance with this provision will. 
minimize the contact time available for adsorption and other chemical reaction 
between sediment and the water sample. 1Nondisruptive filtration procedures are 
needed because cascading water through an aerated filter will alter ·the 1vater 
chemistry. When aerated during filtration;·some constituents oxidize and form 
complexes that precipitate out of the water. This results in adsorption ·and 
coprecipitation of other constituents (Reference 103). In-line and other 
filtration equipment are available to minimize aeration. 

Item L requires that sa~pling personnel record their procedures, 
measurements, and the condition of the monitoring point at the time of sampling. 
The field records must document whether the procedures established under .items G 
to K have been followed. Satisfying these conditions ensures that if questions 
arise about the sample, there is a way to determine how and under what 
conditions the sample was collected. Recording the results at the time of 
sampling avoids relying on memory to reconstruct events at each monitoring 
point. 

Item L further specifies that the field records contain the names of the 
persons conducting the sampling, the time and date each monitoring point was 
sampled, water elevations and other required field measurements, and the 
evacuation procedures and stabilization test res~lts completed before sampling. 
These provisions are used to reconstruct events that may have affected the 
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samples. Recording evacuation procedures must include noting the volume of 
water removed or the stabilization test results. 

' . 
Lastly, item L requires the facility owner or operator to retain the field 

records through the postclosure care period. This provision enables the Agency 
or facility owner or operator to reconstruct the sampling history for a facility 
at any time. 

Items M to 0 contain requirements for analysis of water quality samples. As 
with sampling, laboratory procedures can affect sample chemistry and analytical 
accuracy. Formal quality assurance procedures are standard practice in 
analytical laboratories. Numerous tracts have been devoted to the subject of 
laboratory quality assurance (References 106, 118, 119, 121, 122 and 124). 

The need for quality assurance/quality control applies to all types of 
analyses, but it is most critical for analyses of trace levels of substances 
that are volatile or unstable. Since volatile organic chemicals are proposed 
for use as routine monitoring parameters, the provisions of items M to 0 are 
especially critical to analytical work performed regarding them. 

Items M'to 0 specify the elements of quality assurance.that must be 
addressed in the monitoring protocol rather than required performance levels for 
precision or accuracy. The technology in this area is evolving and a variety of 
procedures and performance levels may be acceptable depending on individual 
circumstances. 

Commentors suggested that the State needed a laboratory certification 
program to address laboratory quality assurance/quality control programs. The 
Agency and the State Office of the Legislative Auditor agree with this position. 
In its 1987 report, ''Evaluation of Water Monitoring Programs'' (Reference 123, 
page 78), the Legislative Auditor recommended that the Agency "should initiate 
the establishment of a State certification program for laboratories." The 
Agency and the Minnesota Department of Health have been working jointly to 
develop a laboratory certification program. Until this program is in place, 
i terns M to 0 address the need ·for 1 aboratory qua 1 i ty assurance. Th'ese 
provisions will be re-evaluated once a certification program is in effect, to 
include a more general requirement that facility owners or operators use only a 
certified laboratory. 

Item ~1 requires that water quality analyses be performed using methods 
acceptab 1 e to the Commissioner, based on their performance record, reliability, 
sensitivity, precision, and accuracy. This requirement ensures that analytical 
methods used are proven and will provide acceptable levels of performance. A 
number of proven methods are available for each constituent (References 107, 
108, 109, 110, 111 and 124). As used in subpart 14, performance record and 
reliability are generic, qualitative terms with common meanings. Sensitivity 
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more specifically refers to the method's ability to detect low concentrations as 
measured by the limit of detection and limit of.quantitation. Precision is the 
degree to which data from replicate or repetitive measurements differ, i.e~. 

reproducibility. Accuracy refers to the correctness of the data. It would be 
unreasonable to allo~1 methods that were not accurate, precise, or capable of 
detecting pollutants, if better methods are available and feasible. 

Item M further requires that analytical methods and quality control 
procedures must be chosen so that analyses yield accurate results within the 
range of concentration and composition of the samples analyzed. This condition 
is needed because some methods perform better than others under given 
circumstances. Next, item M reasonably requires that all appropriate actions be 
taken to minimize error and to assure the reliability, precision, and accuracy 
of' the analytical results. This provision covers everything from maintaining 
clean laboratory conditions to making method adjustments, when necessary, to 
provide reliable results. 

Finally, item M provides that, whenever the limit of detection or the limit 
of quantitation for a substance used by a laboratory is higher than the 
concentration of concern, including the standard or alternative standard 
established under subpart 4, the Commissioner may investigate the feasibility of 
attaining lower analytical limits and shall require lower limits if necessary 
and feasible. The limit of detection is the lowest concentration of a substance 
that can be determined to be statistically different from a blank. The limit of 
quantitation is the concentration of a suqstance above which a chemical analysis 
may obtain quantitative results. The requirement in item ~1 provides a course of 
action for when the detection limit used by the laboratory is not low enough. 
The Commissioner may require a detection limit lower than the conventional 
methods provide, i.e., a different procedure, only if there is a compelling need 
to detect or quantify particular substances and a method is available that is 
both technically and economically feasible. An example of a compelling need 
might be a facility that has impacted ground water quality upgradient from a 
pub 1 i c water supply and is knmm to have received a parti cu 1 ar waste that 
contains a mobile and highly toxic pollutant. 

Item N requires that the monitoring protocol contain the analytical and 
quality assurance procedures that must be followed for all samples. This 
provision requires a formal procedure in handling samples. The requirement 
promotes consistency, completeness, and quality control in laboratory 
procedures. Specific elements of the analytical portion of the monitoring 
protocol are as follows. 

Under subitem (1), the protocol must list responsibilities of laboratory 
personnel. This requirement is needed to clearly define, for the benefit of the 
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1 aboratory personne 1 , the facility mmer or operator, and the Agency, who is 
responsible and to demonstrate that there is someone in charge of each 
responsibility. ·r 

Subitem (2) requires that the monitoring protocol list procedures and 
establish criteria for the use of sample containers and preservatives, cleaning 
of sample containers and sampling equipment, shipment and storage of samples, 
and sample holding times. Most of these elements have been discussed in other 
items under this subpart. Limiting sample holding times is necessary because 
sample constituents undergo reactions and decomposition over time. If a sample 
is held past the laboratory's prescribed time, no assurances can be-made as to 
the accuracy of the results. 

Subitem (3) requires that the protocol establish the analytical methods and 
laboratory equipment to be used. The method and analytical instrument used in a 
test determine the sensitivity, precision, and accuracy of the analyses. The 
Agency must have a method to determine the validity of analytical results. 

Subitem (4) requires quality assurance/quality control procedures be 
established for each analytical method used. These procedures must include the 
laboratory's measurements of precision and accuracy over a range of 
concentrations, limit of detection, limit of quantitation, and an explanation of 
ho~1 these quantities were measured. This provision indicates 1vhat level of 
performance that laboratory can be expected to achieve as opposed to ~~hat levels 
of performance are possible in theory. Laboratory performance varies. The 
Agency must know of the performance levels achieved by each laboratory, as this 
greatly influences the confidence level in analytical results. The significance 
of the listed performance measures was given regarding item M. The explanation 
of how the quantities are obtained at laboratories is needed because there are a 
variety of approaches to define and calculate the quantities, some of which are 
more reliable. The information is needed for each individual constituent and 
over a range of concentrations because performance varies between pollutants and 
between concentration ranges. For example, EPA's gas chromatographic methods, 
methods 502.1 and 503.1 have lower detection limits than methods 601 and 602, 
but the· 500 series methods are less reliable than the 600 series for samples 
containing complex mixtures of pollutants. 

Subitem (5) requires that the monitoring protocol include methods used ~o 
identify and prevent contamination of samples in the laboratory and during 
transport. This provision requires precautions to detect alterations of water 
chemistry. These precautions range from visual inspection of container covers 
for leaks to analysis of quality control samples.-

Subitem (6) requires that the monitoring protocol list the analytical 
quality control procedures that have been developed pursuant to the 
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requirements of item 0. This provision is ·addressed in the discussion of that 
item below. 

Subitem (7) requires that the monitoring protocol include methods for 
reviewing and assessing all data for completeness and accuracy. This provision 
assures that laboratories check their calculations, data entry, equipment 
calibrations, number of dilutions, and any other procedures where routine errors 
or omissions may occur. 

Subitem (8) requires that the monitoring protocol establish sample retention 
time after analyses are completed. This requirement informs all interested 
parties of how long the remnants of a sample will be available if it becomes 
desirable to rerun the sample to verify the results. The Agency believes it is 
unreasonable to specify minimum post-analysis holding times because verification 
is often better achieved by collecting a new sample or by splitting samples at 
the time of collection. Analyses of the split samples are conducted by 
different laboratories. 

Subitem (9) requires that the monitoring protocol include inspection, 
testing, and preventive maintenance programs for all laboratory equipment. This 
helps assure that laboratory equipment is in good Harking order and consistently 
attains acceptable levels of performance. 

Under subitem (.10), the monitoring protocol must contain chain-of-custody 
procedures. The need for chain-of-custody has been established under item H, 
subitem (10). 

·subitem (11) requires that the monitoring protocol establish procedures for 
documenting and retaining quality control results. Many quality control tests 
are routine internal laboratory procedures. The results are seldom inspected by 
outside personnel other than an accrediting or certifying body. This provision 
requires laboratories to describe how they document and retain the quality 
control results in the event the information is needed. 

Finally, subitem (12) requires the monitoring protocol to list continuing 
education requirements for analytical personnel. This provision assures the 
facility owner or operator and the Agency that laboratory personnel are keeping 
up with state-of-the-art analytical methods, procedures, and equipment. 

Item 0 requires the use of quality control procedures in the laboratory to 
assess reliability, precision, and accuracy. These quantitative tests are 
needed to ensure that analytical tests continuously stay within desired limits 
of accuracy. The quality control procedures confirm the validity of the 
laboratory analyses with quantitative tests and assure that variations are 
detected so that they may be corrected. 

Item 0 goes on to require that the monitoring protocol describe and state 
the quality control tests, their conditions, and frequencies with which each 



I 

February 23, 1988 

-572-

test is used. It is necessary to state conditions for use of the tests because 
some of the tests are not applicable to a given analytical method and they must 
be run in a logical sequence. A stated frequency is needed because the degree 
of quality control is indicated by the frequency of quality control samples, 
e.g., whether duplicates and spikes are run after every fifth or every tenth 

I . 
environmental sample. 

Item 0 requires that the quality assurance program include trip blanks and 
laboratory blanks. Blanks are samples of laboratory pure water that is 
processed like the samples. All procedures, materials, preservatives, and 
labware used in the sample preparation are also used for the blanks to enable 
detection of sample contamination and definition of the level of background 
contamination that was beyond control. Blanks are quality control procedures 
that differentiate between pollutants representative of actual ground water 
conditions and sample contaminants originating from other sources. 

Calibration standards are test samples prepared in the laboratory with known 
concentrations. They are used to calibrate equipment daily, so that the 
instrument response to a substance in the field sample can be ac~urately 

quantified by comparison with the daily calibration curves. 
Laboratory quality control samples are like the calibration standards, but 

tl1ey are prepared from a different source and usually obtained from an outside 
supplier. They serve as a check on the calibration procedure and on the quality 
of the laboratory standards. 

Laboratory spikes are prepared by adding a known amqunt of a pure 
substance to a sample, then analyzing the sample. The calculated percent 
recovery of the spike is· used as a measure of the accuracy of the overall 
analytical test method for that sample. Use of spikes is th~ only means to 
identify analytical interferences due to the combination of substances present 
in the pollutant matrix. Spikes also help document and quantify the level of 
accuracy in the analysis. 

Laboratory duplicates are separate aliquots made in the laboratory from the 
same sample. The percent difference between the separate analyses is a 
quantitative measure of the precision of the analytical method. 

Laboratory replicates are multiple readings on the same sample made over the 
same time the laboratory instrument is in use. The percent difference among the 
analyses serves as a quantitative measure of the precision and stability of the 
equipment calibration over the time of the test. 

Item P establishes the reporting requirements for water quality monitoring. 
The facility owner or operator must submit monitoring results to the 
Commissioner by the dates specified in a permit, order, stipulation agreement, 
or other enforcement document. This provision enables the Commissioner to 
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establish the length of time that may pass from sampling to reporting based on 
facility-specific conditions·.- A facility showing no impacts on ground water or 
surface water is not as high a revie1~ priority as·a facility being monitored for 
impacts on nearby residences. The Commissioner, under this item, may establish 
submittal times based on the need for the data to implement corrective actions. 

Item P further requires that the results be accompanied by information 
sufficient to establish the reliability, precision, and accuracy of the reported 
values. This includes the information in subitems (1) to (5). This requirement 
can be fulfilled in at least two different ways. The first is to show the 
precision and accuracy values, corresponding to the values measured in 
duplicates, spikes, etc., with the concentrations reported on each laboratory 
data sheet. The complexity of analyzing leachate-polluted water matrices 
suggests that this would be difficult. The second way to fulfill this reportin~ 
requirement is easier. Each laboratory sheet can carry a statement that 
precision and accuracy met or exceeded a predetermined percentage or that the 
specific values were actually outside the predetermined cutoff. 

Subitem (1) requires a certification signed by the sampling ~ersonne1, 
analytical laboratory, and facility 01~ner or operator stating that all sampling 
and analytical procedures were performed as described in the monitoring 
protocol. The certification must contain a description and explanation for any 
departures from the pro taco l 's procedures. Camp l i ance 1~i th this requirement 
will provide evidence that correct sampling and analytical procedures have been 
used. The certification may be needed in the evalu,ations and possible future 
re-evaluations of the monitoring data. The required certification is preferable 
to the other only alternative that provides the same information; namely, 
requiring all in-field and laboratory quality control records to be submitted. 

Subitem (2) requires submittal of water elevation data and other field 
measurements and observations. Subitem (2) further requires information on the 
dates and times when each sample 1;as collected, received and analyzed by the 
analytical laboratory. This information verifies compliance with sampling 
schedules required by the permit; checks compliance with maximum recommended or 
agreed-to sample holding times; and allows checking of other time-dependent 
technical considerations. 

Subitem (3) requires that the water monitoring results include analytical 
results from all blanks tested. Blanks identify possible extraneous sources of 
contamination, which might be erroneously attributed to pollution. If nothing 
is found in the blanks, they provide evidence that substances found in the 
samples were actually present in the water. 

Subitem (4) requires reporting of retention times and peak sizes for 
unidentified substances. This is common practice when using chromatographic 
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analytical methods. A peak on a chromatogram can indicate the presence of a 
substance, but if the retention time does not match with known retention times 
of other substances, the substance cannot be identified. Without knowing its1 
identity, the substance cannot be quantified. This requirement provides 
information on the retention time needed to identify an unknown substance found 
in subsequent analyses. The requirement does not require positive 
identification of all peaks. Commentors from analytical laboratories suggested 
absolute identification could become very involved and may be, unwarranted if the 
substance does not recur. The approach in subitem (4) assures that the 
information obtained is reported, but it defers the requirement for 
identification of the substance until a need is clearly indicated. 

Subitem (5) allows the Commissioner to require that the monitoring reports 
include additional information needed to establish the validity of the 
analytical results, chain-of-custody records, and field records. This condition 
compels the delivery of needed evidence if the validity or security of water 
quality monitoring results is in question. This subitem is not unnecessarily 
extended to every facility. 

Subitem (5) states that the additional information required to establish the 
validity of the results may include precision and accuracy data from the batch 
of samples in which each sample was analyzed. This provision is less flexible 
than the more general requirement for precision and accuracy information in the 
first paragraph of item P. This condition removes the option of simply 
reporting that precision and accuracy were 1~ithi n specified 1 i mi ts. The 
Commissioner may require that quality control samples be run during or 
immediately bracketing the field samples. This condition precludes simply 
queuing up the facility's samples with a series of samples froni other locations, 
without regard to when quality control samples are run within that sequence. 
This provision will be used when there are doubts about the precision and 
accuracy of a test or when some pressing public health concern warrants greater 
than normal certainty about precision and accuracy. 

Subitem (5) also allows the Commissioner to require reporting of limits of 
quantitation and limits of detection, and results from various other quality 
control procedures. These conditions will be applied selectively as needed 
rather than at all times. The Agency must have access to all relevant evidence, 
if there are questions about the quality of water monitoring results. 

Item Q requires submittal of an annual summary and discus.sion of the 
monitoring results. This requirement is needed to ensure that the facility 
owner or operator interprets and understands the monitoring data. The facility 
owner or operator is not free to plead ignorance of the meaning of the data. 
This has happened before. If the facility owner or operator identifies a trend 
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tov1ard deteriorating water quality, this· awareness can convince the owner or 
operator that a change in the facility operation or design is needed to curtail 
the trend. 1 'l "' 

Item Q specifies that the annual summary identify recent and long-term 
trends in the concentrations of monitored constituents and water elevations; 
tabulate the analytical results; and highlight results that exceeded either the 
ground 1~ater performance standards or surface water quality standards. The 
evaluation must include an analysis of the effect the facility is having on 
water quality. These provisions help organize the data into a useable form, 
make sense of data by interpreting the trends and evaluating the facility's 
impacts, and make the facility owner or operator and the Agency aware of 
instances of possible noncompliance with \'later quality standards. Finally, the 
annual summary must identify any additions, changes, or maintenance needed in 
the monitoring system. This provision reasonably provides for a regular 
reconsideration of the adequacy of the monitoring system. For example, if the 
data show that a pollution problem has developed at the outermost monitoring 
points, the need for additional monitoring points or corrective actions must be 
considered. 

Subpart 15. Contingency action. This subpart establishes the minimum 
requirements under which the facility owner or operator must implement 
corrective actions. TheJacility ovmer or operator must implement the actions 
necessary to repair site features or to control, recover, or treat polluted 
ground or surface waters and explosive or toxic gases. The actions implemented 
must include the measures dictated by the situation and outlined in the 
contingency action plan. The contingency action plan must address the repair of· 
clogged collection systems, repair of monitoring wells or probes, repair of 
cover systems, and the repair of liners or holding areas. 

Corrective actions are used to minimize the environmental impacts a failure 
in the facility design components may have. It is reasonable to indicate by 
rule when corrective actions are considered necessary and the types of incidents 
that should be addressed in contingency plans. This requirement provides 
facility owners and operators an understanding of the Agency's view of 
corrective actions and provides for consistency in plan development and 
implementation. By understanding the types of events that may be considered 
corrective actions, the facility owner or operator will be better able to plan 
the financial responsibility attached to the operation of land disposal 
facilities and to develop a risk management program. 

The nature of contingency action planning is that problems develop that were 
not anticipated in the plan. To the extent possible, a risk management program 
minimizes events never even, thought to be possible at a land disposal facility. 
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The proposed rules address events that are truly unexpected. Should an 
unanticipated event occur, the contingency action plan must be modified to 
include this event and make appropriate adjustments to financial assurance 
instruments. 

This subpart addresses conditions that may occur when corrective actions 
actually require a higher level of effort than was anticipated in the 
contingency action plan. If the level of effort needed to protect human health 
and the environment be greater than anticipated, the facility owner or operator 
must implement these actions even though they are not included in the 
contingency action plan. The contingency action plan is a tool for estimating 
bot~ the level of effort needed if particular events occur and the cost 
associated with the effort. The plan is not expected to be 100 percent correct 
for every situation. This subpart states explicitly the responsibilities of 
facility owners and operators, so they ·know what compliance means and the Agency 
expects. This is a reasonable approach to developing detailed plans and reviews 
that ensures consistency in corrective actions. 

Subpart 16. Closure and postclosure care. General closure and postclosure· 
care performance standards for all solid waste management facilities are 
contained in parts 7035.2625 to 7035.2655. The Agency.believes it is necessary 
to expand upon the general requirements for land disposal facilities. More 
specific requirements will compel the detail work needed to minimize 
infiltration into the fill area and protect site conditions after operations 
have ceased. Placing the additional requirements in rule provides for 
consistent review of the documents addressing these activities and enables 
facility owners and operators to more closely define costs associated with these 
actions and prepare for them. 

Item A establishes the standards applicable to closure of mixed municipal 
solid waste land disposal facilities. This item requires closure of each fill 
phase to start within 30 days after reaching final permitted waste elevations. 
Final cover is used to control the amount of precipitation and surface water 
run-off that enters the fill area, ultimately minimizing the amount of leachate 
generated.. If the waste remains uncovered for some 1 ength of time, unnecessary 
moisture enters the fill area increasing the amount of leachate generated 
needing treatment. 

Leaving final cover for placement until operation at a site are complete is 
of little benefit to the facility owner or operator or surrounding neighbors. A 
fill area left uncovered becomes a harborage for rodents and small burrowing 
animals and disease-carrying vectors. Although intermediate cover would be 
required over these areas, the shifting and settling of the waste as it compacts 
under its weight ·and decomposition causes the intermediate cover to move into 
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the waste. For the facility owner or operator to maintain intermediate cover 
over these areas is very expensive and time consuming: The final cover will 
provide more benefits and will maintain 'its' integrity better than an 
intermediate cover because of the structural support given by the soils used 
during construction. 

The proposed rules require the facility owner or operator to establish a 
financial instrument with funds collected over the operating life of the 
facility. This estimate will be developed considering the amount of area to be 
covered at closure, the amount of grading and surface water diversion structures 
needed at this time, and other construction activities that must be completed at 
closure. By covering the fill phases as they reach final permitted waste 
elevations, the facility owners and operators will be able to keep these cost 
estimates to a minimum. Item A establishes a reasonable standard for closure of 
fill phases because it compels a closure schedule consistent with overall 
facility design plans. Because the Agency alerts facility owners and operators 
to the need to promptly close fill phases, the closure can be scheduled into 
normal facility operations, reducing the need for hurrying any bid processes 
needed to complete the task or the installation of final cover materials over 
large portions of the site prior to cold weather. 

Requiring that closure of fill phases occurs on a regular basis ensures a 
minimum level of effort to minimize the risk associated with excess moisture 
entering the fill area. The design of the facility will be based on the 
assumption that final cover is placed over fill areas as soon as possible. If 
final cover is delayed and excess moisture is allo11ed to enter the fill areas, 
the performance of the liner and leachate collection system can be impaired by 
overloading. This provision limits the probability of this event occurring and 
thus provides further protection of human health and the environment. 

After considering past performances at land disposal facilities, the Agency 
believes it must provide a time frame under which closure activities should 
occur. In the past, closure activities including final cover were slowly, if 
ever, completed. In an effort to minimize the risks associated with land 
disposal facilities, the Agency proposes that closure activities be started 
within 30 days after final permitted waste elevations are reached. Initially, 
the Agency proposed a time frame for completion of these activities rather than 
initiation; however, commentors on the draft rules suggested that no specific 
number of days could address all the situations that might arise during 
construction. The Agency agreed that the time to complete closure construction 
could vary drastically due to factors such as weather or equipment malfunctions. 

The Agency believes the approach chosen in the proposed rules contain a 
reasonable method for securing closure in a timely fashion. When 1~ork has been 



February 23, 1988 

-57.8-

initiated, the facility owner or operator will be compelled to complete these 
-activities in a timely fashion or incur the financial burden of increased costs 
for the construction. Thirty days ens-ures the work is started in a timely 
fashion but allows the facility owner or operator some flexibility in scheduling 
the work. To allow a longer period of time would leave the facility open to 
impacts from.the weather and a shorter period of time would not allow the 
facility owner or operator sufficient time to mobilize the lvork force needed. 
The Agency received comments contrary to the proposal. 

Item B establishes the activities the facility owner or operator must 
conduct after closure activities are completed. This item proposes standards 
that ensure facility integrity is maintained after daily disposal operations are 
complete. 

Subitem (1) requires the facility owner or operator to restrict access to 
the facility by the use of gates, fencing, or other means to prevent further 
disposal at the site, unless the site's final use allows for access. Risk 
management at a land disposal facility depends on the quality of construction. 
As components are built, certification procedures on workmanship are followed to 
demonstrate the integrity of the components. Maintaining this integrity after 
closure minimizes the potential for impacts on the environment due to failure in 
the components. 

In general, the only activity considered in the design for land disposal 
facilities is the proper disposal of solid waste. After filling operations have 
ceased the facility is left unsupervised, allowing for vandalism, unintentional 
intrusions, or animal disruptions of completed components if no protective 
measures are employed. The Agency recognizes that if a person intends to damage 
a facility, a method 1vill be found to avoid access restrictions. However, for 
the average person or animal who may unintentionally intrude on the facility, a 
controlled method to prevent unauthorized dumping or disruption of the facility 
design components is needed. The proposed performance standard allows the 
facility owner or operator flexibility in attaining the standard. 

Facility owners and operators who have used fencing to contra l umvanted 
disposal during fatility operations have to do nothing additional; however, they 
may design and construct devices that fit into the overall facility design and 
are cost effective at the same time. The Agency believes this item strikes a 
reasonable balance between establishing a· guiding performance standard and 
requiring site-specific designs capable of meeting the performance standards. 
The standard proposed allows facility owners and operators to take advantage of 
topographic features and cost-effective designs. -

Subitem (2) requires the facility owner or operator to maintain the 
integrity and effectiveness of the final cover during the postclosure care 
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·period. Actions needed to accomplish these goals include making repairs to the 
fjnal cover, as necessary, to correct the effects of settling, subsidence, gas and 
leachate migration, erosion, root penetration, burrowing animals, or other 
events that may impact the final cover performance. The final cover system is 
the design component responsible for controlling moisture infiltration into the 
fill area. Maintaining the final cover after the facility is closed will 
decrease the risk of more costly, corrective actions to be implement_ed at some 
point during the postclosure care period. 

A performance standard is established rather than a specific set of design 
criteria because of the numerous situations that may impact final cover 
performance. The Agency believes it is important to retain sufficient 
flexibil_ity in this provision to allow facility owners and operators to consider 
the specific facility design features and how they re 1 ate to the performance and 
integrity of the final cover. The list of items that need to be addressed by 
facility o~mers and operators are the types of events that have the potential 
to impact final cover integrity and performance. An effective risk management 
program would ensure maintenance of the final cover. Thus, thii proposal only 
serves to explicitly state the facility 01-mer's or operator's responsibility. · 

Subitem (3) requires facility owners and operators to maintain and monitor 
gas and ground 1~ater monitoring sys terns and to comply with the requirements of 
subparts 11 and 14 .. Whi 1 e subparts 11 and 14 govern the specifics of gas and 
ground water monitoring programs, respectively, the Agency believes it is 
necessary to state that postclosure care of these systems is required at all 
mixed municipal solid waste land disposal facilities. Maintaining gas and 
ground water monitoring systems during the postclosure care period ensures that 
the systems most critical in evaluating facility performance will be operable. 
The_ gas and ground water monitoring systems provide data used to evaluate waste 
stability and impacts the facility may be having on the surrounding area. The 
largest amount of decomposition and pollutant generation will occur after 
closure. It is important to understand the effect they have on environmental 
quality. 

, , Subitem (4) requires the facility owner or operator to continue to operate 
the leachate collection and removal system during the postclosure care period. 
Leachate generation theoretically starts at lo~1 volume until the waste is no 
longer capable of absorbing incoming moisture and decomposition is underway. By 
the time of final closure, the facility leachate generation may not as yet have 
stabilized and if it has, the maximum rate of production may have been achieved 
(one drop of water in equals one .drop of water out). If the leachate is not 
removed from the fill area, the increased depth of leachate on the liner could 
impact the volume of leachate released and the efficiency of the facility. The 
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larger head of water on the liner could increase vertical pressures on the liner 
to the extent that downward vertical flow is dominant over the horizontal flow 
anticipated by the liner design. Continual removal of leachate is also needed 
to prevent pressures that could disrupt final cover and liner systems or build 
to the extent the fill area acts like a bathtub and overflows. Requiring 
continued removal of the leachate will avert potential pollution events and the 
high cost of some corrective actions. Gas and ground water monitoring provide 
back-up methods for evaluating facility performance. Unfortunately, if these 
areas indicate that pollution exists, the problem can become more widespread. 
This provides the Agency some assurance that any material leaking out of a land 
disposal facility will be small and easily correctable rather than requiring the 
implementation of the more costly and difficult corrective actions. 

Subitem (5) requires the facility owner or operator to prevent run-on and 
run-off from eroding or otherwise damaging the final cover. As discussed 
earlier, the integrity of the final cover is directly related to the ability of 
the faci 1 ity to meet performance standards. An efficient risk management 
program places considerable effort and importance on maintaining the final cover 
in· good condition. Because the final cover is so accessible the effort needed 
to protect and repair it is much less than for the liner system. A main cause 
of final cover systems failure is erosion. Erosion is generally caused by the 
rapid or continual movement of liquids or wind over the surface of a cover 
system. By controlling run-on and run-off, the facility owner or operator will 
m1n1m1ze the erosion potential of the facility's final cover. 

The proposal of performance standards for erosion control allm~s facility 
owners and operators to use designs and maintenance programs responsive to 
site-specific conditions. The combination of facility designs and topographic 
features makes it improbable that any one set of design standards could address 
the site-specific conditions at all facilities adequately. Allowing facility 
owners and operators to evaluate site-specific conditions and facility designs 
in developing a program to prevent final cover erosion establishes the 
responsibility without necessarily increasing the level of effort needed by the 
facility owner or operator. 

Subitem (6) requires the facility ovmer or operator to protect and maintain 
surveyed benchmarks during the postclosure care period. Benchmarks are used to· 
establish elevations of specific design components. The elevations are 
further used to collect accurate data on the slope of final covers, the location 
of monitoring points, the depth to water, etc. This information is used to 
evaluate site conditions based on initial conditions and conditions at the time 
of a survey completion. Thus, it is important that the benchmark be maintained 
at facilities for continued use during the postclosure care period to ensure 
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consistency between data collected while the facility is in operation and after 
closure. This .continuity adds reliability to the performance evaluations for 
facilities. The maintenance of benchmarks requires little effort on the part of 
a facility owner or operator provided the benchmarks were initially property . 
installed. This provision requires no additional effort on the part of facility 
owners and operators. 

Subitem (7} requires annual surveying of the facility to determine the 
extent of settling, subsidence, erosion or other events. Erosion and settlement 
can occur so subtly that the human eye cannot detect the change. Consider the . 
erosion of top soil each year. Although tons of soil are lost each year to wind 
and water erosion, it is difficult to perceive unless a complete layer of soil 
has been removed and a soil of different texture and coloration is revealed. 
Final cover must be maintained to minimize infiltration into the waste. 
Settlement at mixed municipal solid waste facilities may be as much as 25 
percent of the fill depth each year or as little as 5 percent. The less 
dramatic the settlement the more difficult to determine without the use of 
surveys. If settlement is allowed to continue until slopes qre flattened, water 
will pond on the cover and infiltration will increase. The information obtained 
from annual surveys is used to determine compliance with Agency performance 
standards. 

Subitem (8) requires facility 01-mers and operators to submit an annual 
report to the Commissioner describing present conditions and corrective actions 
taken during the year. Annual reviews allow for early detection of problem 
areas and implementation of corrective actions during times 1vhen problems are 
small and controllable at small costs. The annual report does not require that 
a sophisticated written document be submitted by all facility owners and 
operators. An annual report assures the Agency that facility owners and 
operators are aware of site conditions, yet does not create an unbearable 
expense for them. 

Subitem (9) requires that all repair work be completed within 30 days of 
discovery. Left unchecked, small problems can result in large releases of 
pollutants over time or immediate failures in the near future. Because facility 
personnel are not generally on-site during the postclosure care period it is 
important that repair efforts be implemented promptly. Requiring complex repair 
work within 30 days during the postclosure care period minimizes the potential 
for pollutant releases to the environment. A shorter time period would not 
allow the facility owner or operator to assemble material and work force. If no 
time period were included in the rule, the facility owner or 9perator would have 
no direct responsibility to repair conditions unless monitoring data shows the 
facility performance to be inadequate. The Agency feels these options are 
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unsatisfactory. No comments were received on the time period proposed under the 
rules. 

2. Part 7035.2825.DEMOLITION DEBRIS LAND DISPOSAL·FACILITIES. 

As defined in part 7035.0300, subpart 30, demolition d,ebris is solid waste 
resulting from the demolition of buildings, roads and other man-made structures. 
Demolition debris does not include asbestos wastes generated from these 
activities nor does it include the waste generated at construction sites. 
Demolition debris consists of inert materials such as glass, c6ncrete, brick, 
rock, etc. This material is significantly different in chemical and physical 
composition from either mixed municipal solid waste or industrial solid waste. 
Therefore, the Agency believes separate design, construction and operation 
standards should be applied to the facilities used to manage demolition debris. 

As with the standards applicable to mixed municipal solid waste land 
disposal facilities, the standards proposed in this part apply only to 
demolition debris land disposal facilities. The standards and requirements 
applied to demolition debris land disposal facilities and other solid waste 
management facilities are found in parts 7035.2525 to 7035.2655. The Agency 
believes this format eliminates the duplication of language and clearly 
indicates to facility owners and operators that the basic requirements apply to 
all solid waste management facilities in reachi!lg the mutual goal of protecting 
human health and the environment. 

A common complaint heard by Agency staff during public meetings held to 
discuss the proposed rules was the length of the proposed rules. Suggestions 
were made on organizing the rule in order to eliminate all repetitive language. 
There were counter suggestions to eliminate cross-references to ease the reading 
of the rules. The two suggestions are mutually exclusive particularly when the 
second option also contained a request to keep the rules short. The Agency 
considered both suggestions, chose the option using cross-references, and has 
combined standards applicable· to all facilities in one area. Therefore, this 
part will contain cross-references, and has combined standards applicable to all 
facilities in one area. Therefore, this part will contain cro~s-references to 
other parts of the proposed rules that are applicable to these facilities. The 
Agency believes this will provide the detailed rules requested by the public 
during preliminary rule meetings, yet keep the rules as a whole within a 
manageable size. 

Demolition debris is generated most often from the razing of office or 
residential buildings. The waste generated during road construction is often 
ground and reused in the road construction process. The amount of waste 
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generated is often small and short-term. The Agency believes that a reasonable 
approach to managing the disposal of small quantities of demolition debris is 
through permit~by-rule status. The potential for environmental impacts from 
these facilities is small and the administrative process to obtain a permit 
would take longer than, the facility would be in operation in many circumstances. 
Therefore, the Agency proposes to establish in rule standards for small, 
short-term facilities but eliminate the administrative permit process. In this 
way, the Agency will be able to focus its work efforts on larger, potential 
environmentally-sensitive projects yet ensure that minimum protective measures 
are employed at all disposal sites. 

Subpart 1. Scope. This subpart details how the standards proposed in this 
part are divided between permit-by-rule facilities and regularly permitted 
facilities. Subparts 2 to 6 apply to owners and operators of demolition debris 
land disposal facilities granted permit-by-rule status under part 7001.3050, 
subpart 3. Subparts 7 to 14 apply to owners and operators required to obtain a 
permit under part 7001.3050. This subpart directs facility owners and operators 
to the appropriate subparts for the type of facility they will be operating. 

By separating the permit-by-rule standards from the standards for larger, 
long-term faciliti~s, the Agency believes any confusion over applicable 
requirements is virtually eliminated. The differerit facilities require rules 
written in different degrees of detail. Different amounts of information are 
needed to evaluate the facilities in an efficient .and responsible manrier. 
Additionally, this organization helps the facility owners or operators to locate 
the requirements applicable to their facilities and to understand the 
applicability of the requirements without Agency assistance. This allows more 
Agency staff time to be used for answering specific questions on the 
implementation of the rules rather than explanations on where the standards are 
located and which are applicable. 

Subpart 2. Location standards for permit-by-rule facilities. Locating 
disposal facilities has become increasingly difficult in recent years regardless 
of the waste to be deposited at the facility. The Agency believes that by 
es~ablishing particular standards for permit-by-rule facilities they will be 
more easily sited and will be located in environmentally acceptable areas; 
Because permit-by-rule facilities are small and short-term, the Agency believes 
the cost associated with a detailed hydrogeologic study would be inappropriate. 
However, some control on locating these disposal facilities must be exercised. 
Therefore, the Agency considered the types of environmental settings that could 
be environmentally sensitive to the disposal of any waste, and demolition debris 
in particular. After reviewing these areas, the Agency proposes a specific list 
of prohibited areas for the disposal of demolition debris. The specific 
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prohibition of demolition debris in environmentally sensitive areas ensures the 
protection of these areas 1~ith minimal cost to the facility owner or operator. 

Item A prohibits a facility owner or operator from locating a site on areas 
with karst features including sinkholes, disappearing streams and caves. 
Sinkholes, disappearing streams, etc., are indicators of subsurface conditions 
where water is acting on soluble bedrock. If a disposal facility is located in 
an area characterized by these conditions, the additional loads placed on the 
weakened bedrock may cause a collapse resulting in the demolition debris falling 
into the hole and impacting subsurface conditions. Facility personnel may be 

ti' injured. Ground' water flow is not well unders toad in karst areas because 
monitoring is difficult and flow patterns are irregular. The potential for 
disruption of environmentally sensitive.ecology is great in karst areas. 

Items B, C and 0 prohibit the siting of demolition debris land disposal 
facilities in wetland areas, floodplain areas, and shoreland areas respectively. 

·.., If the facility is located in these areas, operations will become difficult to 
perform. Wetland areas, floodplains and shoreland areas are environmentally
sensitive areas because of the fragile balance that exists between flora and 
fauna. The use of these areas is governed by ONR and EPA. Oisposal of wastes 
is not a permitted use. 

Item E prohibits the siting of these facilities in areas with a water table 
within 5 feet of the lowest fill elevation. Although demolition debris has· 
little potential for detrimental impacts on the environment, the introduction of 
any foreign substance into the ground water impacts its quality. By keeping the 
fill area above ground water table, the Agency ensures some natural treatment of 
moisture percolating through the fill before it enters the ground water. 
Additionally, facility operations are susceptible to malfunctions or other 
problems when conducted in moisture-laden soils because of lost stability. Five 
feet of separation between the lowest fill elevation and the water table allows 
for seasonal fluctuations in the 1~ater table and provides a safety factor in 
keeping the ground water and fill operations separated. 

Subpart 3. Design requirements for permit-by-rule facilities. Facility 
owners and operators of permit-by-rule facilities are not required to submit 
design plans to the Agency for review and approval. Under permit-by-rule 
status, the facility 0\"lners and operators are required to construct and operate 
their facilities in accordance with standards established in rule. The Agency 
believes this eliminates an unnecessary administrative burden on owners and 
operators of small short-term facilities, yet ensures procedures to protect 
human health and the environment. Therefore, this subpart contains design 
standards the Agency believes are needed at all demolition debris land disposal 
facilities. Including these requirements in rule alerts facility owners and 
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' operators how they will be judged upon for compliance in order that the facility 
may remain under permit-by-rule .status. 

Item A establishes the requirements for site preparations at a location 
selected for a demolition debris land disposal_ facility. Site preparations must 
allow for orderly development of the site. Orderly development allows fill 
operations to achieve final waste elevations in short, discrete time periods, 
allows for final cover placement on a regular schedule, and minimizes 
infiltration into the waste. Unorganized fill operation causes backtracking in 
fill areas; requires long-term storage of final cover, as final waste elevations 
are slow to develop; and makes control of surface water difficult. Facility 
owners and operators must prepare the site in a manner that encourages orderly 
development and closure of fill areas because these disposal facilities are 
intended to be short-lived. 

Initial site preparation activities must include clearing and grubbing; 
topsoil stripping and stockpiling; fill excavation, if appropriate; drainage 
control structures; and other design features necessary to construct and operate 
the facility. These items are common ;to any construction activity unless the 
area to be filled is an existing pit that requires no clearing to begin 
operations. By addressing site preparation work in a rule the Agency also 
indicates that surface dumping of demolition debris in wooded areas without 
taking proper actions is not appropriate. Fill areas must be discrete units 
that can be controlled, covered and maintained in a proper fashion. Facility 
owners and operators must properly prepare the site to minimize risk associated 
1~ith operating the facility and to minimize environmental impacts that may 
result from improper disposal. 

Item B requires the site to be developed in phases to achieve final fill 
elevations as rapidly as possible. The design of each phase must consider 
weather conditions, site drainage, and the waste flow.pattern at the site. As 
discussed under item A, the Agency's preferred method in developing land 
disposal facilities is the construction of the facility in discrete units that 
permit orderly development, achieve proper closure, and control surface water 
drainage. Filling of the site vertically faster than horizontally allows 
facilit~-owners and operators to control facility operations and moisture 
infiltration into the fill area. Demolition debris is bulky and heavy. The 
equipment used to haul and maneuver the waste must be large enough to handle the 
waste. This equipment may have difficulty operating on slopes steeper than a 5 
to 6 percent grade particularly during 1~inter operations. Thus, facility mmers 
and operators are required to use design and operational procedures that will 
control the size of the fill area. This encourages the development of the 
facility in discrete units to attain final closure as disposal progresses and 
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m1n1m1zes the potential for environmental impacts. 
Item C requires surface water drainage to be diverted around and away from 

the fill area. By diverting surface water out of the fill area including active 
operating areas, the facility mmers and operators will minimize the potential 
for environmental impacts from excessive soil loss from the fill area, leachate 
generation, and cover erosion. 

Item D requires the facility owner or operator to design slopes and 
drainageways to prevent erosion. Slopes longer than 200 feet must be 
interrupted with drai nageways. Erosion is a naturally-occurring event 
associated 1vith surface ~tater drainage and caused by rain, snow melt and wind. 
The amourit of erosion in an area depends on. the slope of the area and vegetative 
cover. The amount of soil disturbance can also affect the amount of erosion 
because loosening the natural soil provides easier soil movement due to drainage 
patterns or precipitation. It is necessary to control soil loss to preserve 
topsoil and.prevent the overloading of aquatic habitats with sediment. Good 
management practices dictate the need to control erosion and eliminate the 
additional work required to repair the affected areas, the cost of obtaining 
additional soil, and the operational difficulties that might arise from the 
sloughing off of soil into the working area. 

Two-hundred feet was chosen as the maximum run permitted on any slope, based 
on the Soil Conservation Service's recommended guidelines for controlling 
erosion. The amount of soil erosion is related to the slope, the speed at which 
wat~r runs off an area, and the amount of water flowing over the area. On 
drainage runs greater than 200 feet the volume of water carried over the area 
can dislodge.soil particles carrying them a1vay with the 1~ater. Maintaining runs 
of 200 feet or less, the amount of water carried over any one area will be less, 
minimizing the potential for erosion. 

Item E establishes minimum slope requirements for permit-by-rule facilities. 
Final slopes must be at least 2 percent and no greater than 20 percent. 
Demolition debris disposal sites are often used as building or parking.lot 
locations. Demolition debris provides good structural support and makes 
suitable fill material for sites needing support. When a site is to be used for 
a building location, slopes need to be relatively flat to allow proper site use. 
The two percent slope allows drainage off the site without impairing the use of 
the site as a building location. For areas that are filled vertically above the 
surrounding ground surface, care must be taken to .minimize the erosion 
potential. Requiring the facility owners and operators to keep slopes below a 
20 percent grade, lessens the potential for erosion because water will be 
flowing down the sides of the disposal area at a slower speed than the current 
25 percent grade allows. 
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Item F defines the design requirements for final cover at permit-by-rule 
facilities. The final cover must consist of ~t least two feet of soil and the 
top 12 inches must be capable of sustaining vegetation. Demolition debris is 
bulky with many sharp corners that could puncture synthetic membrane covers. 
The bulky nature of this waste makes compaction difficult to achieve, resulting 
in gaps and crevices. Large stresses cause tears in synthetic membranes. The 

·inert nature of this material also makes the establishment of vegetation almost 
impossible without a suitable soil present. A synthetic membrane cover would 
require facility owners and operators to use less soil in order to make the 
synthetic cost effective. The use of insufficient soil amounts can result in 
poor vegetative growth increasing the potential for erosion of the soil, and 
exposure of the membrane to physical attack by weather and animal intrusion. 
Therefore, the final cover material must be soil. Most vegetative grasses used 
in seed mixtures have a root zone of 18 inches or greater. By requiring at 
least two feet of cover, the cover will sufficiently support vegetation and 
minimize erosion due to insufficient root structure development to hold the soil 
particles in place. 

Demolition debris is often used to fill mined gravel pits to lessen.the 
burden and expense of finding adequate amounts of soil. However, this often 
means on-site soils are either very sandy or a very tight clay material. 
Neither of these materials provides a good growth medium for vegetation. 
Therefore, i standard of 12 inches of soil capable of sustaining vegetative 
growth was included in this item. Although the root zone of many vegetative 
grasses is 18 inches or more, 12 inches of the final cover of a quality soil 
material will hold sufficient moisture to support vegetation. This standard 
allows facility 01mers and operators to use on-site soils to the extent possible 
yet ensures that vegetative growth will occur. 

Item G requires the !inal contours to be consistent with the planned 
ultimate use for the site. If the facility mmer or operator intends to use the 
disposal site as a building location, it makes little sense to establish final 
contours that result in 20 percent slopes. In this situation, the proper slope 
may be closer to the minimum 2 percent. A final contour with 20 percent slopes 
would only require the facility owner or operator to rework the area to make it 
suitable for construction purposes. Planning is the key to a successful 
operation for present and future activities. This item provides·a reasonable 
opportunity for facility mmers and operators to develop a site to fit their 
needs while still addressing minimum design standards. 

Subpart 4. Operation and maintenance requirements for permit-by-rule 
facilities. owners and operators of demolition debris land disposal facilities 
eligible for permit-by-rule status are not required to develop an operation and 
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maintenance plan for review and approval by the Agency. It is still important, 
however, that they consider the operational .procedures that are needed to manage 
incoming 1~aste. The Agency will not have the opportunity to advise facility 
owners and operators of small faciliti~s on the minimum operational techniques 
that should be followed. Therefore, these techniques must be in rule to ensure 
consistency in operations at permit-by-rule facilities. 

The demolition debris land disposal facility must be operated by an operator 
certified in accordance with Minn. Rules pts. 7048.0100 to 7048.1300. The 
certified operator must be present during the time the facility is open to 
accept waste. The rules governing the certification of land disposal facility 
operators require operators of these facilities to complete four hours of 
training before certification. No exemption is provided for short-term 
facilities under the operator certification rules so facility owners and 
operators must be forewarned of the need to obtain certification. It would be 
inconsistent for the Agency to establish certification requirements for facility 
operators yet permit a facility to be operated without a knm~l edgeab l e person on 
the site. 

Item A under this subpart requires the waste to be spread and compacted to 
the extent possible. Demolition debris is bulky and hard to compact. Merely 
dumping the \1as te in the fill area can cause bridging of wooden timbers between 
concrete sections. By spreading the waste and attempting compaction, the 
facility owner or operator can minimize the amount of bridging that occurs 
saving space in the fill area for more waste rather than soil used to fill 
cracks and crevices. This performance standard will ensure some effort to 
attain compaction at these facilities. A specific depth and compaction standard 
would not work because not all demolition debris will be delivered in the same 
shape or size and the equipment available will differ. 

Item B requires the waste to be covered at least monthly. Demolition debris 
is relatively inert and offers very little enticement for vectors. However, the 
bridging that may occur in the fill area could create habitat for small animals. 
To eliminate these activities, it is good practice to fill any cracks or 
crevices with soil to eliminate natural caverns that may exist. Periodic 
covering of the waste ensures that open spaces in the waste will be filled,. 
further solidifying the structural support provided in the fill area. Monthly 
covering also minimizes the perception that the facility is a dump available for 
common use for any waste. Eliminating this perception will preclude the 
facility owner or operator from having to remove unacceptable ~1as te and dispose 
of it properly. 

Item C requires the facility mmer or operator to maintain suitable cover 
material on-site. Under subpart 3, the facility design is to encourage rapid 
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vertical filling of the site to achieve final waste elevations. Rapid ve~tical 
progression is encouraged to control the width of the fill operation and to 
provide for orderly development of the facility. The placement of cover is part 
of the development process of the facility. Final cover placement is needed as 
waste elevations are reached in order to avoid violations of projected volumes 
for the facility. Permit-by-rule facilities are governed by volume limitations 
and operating life. If original contours are not properly followed, the 
facility owners or operator may violate the terms governing permit-by-rule 
status. Additionally, prompt placement of final cover minimizes work effort at 
the time of closing and allows for better scheduling of facility operations. 
Monthly covering is not eliminated for activities conducted during winter months 
or wet weather. Under final cover or monthly cover operations, activities are 
more easily coordinated with cover available on-site. During freezing or 
extremely wet conditions, the facility owner or operator may not be able to 
obtain cover from off-site sources. This provision ensures cover material is 
available when needed. 

Item D requires the facility owner or operator to stake each fill phase for 
proper grading and filling. By staking the phase, the facility owner or 
operator can control the fill progression and ensure site activities do not 
interfere with adjoining properties. The place1nent of final cover is made 
easier by.utilizing grade stakes to determine the proper depth of cover to be 
achieved in any area. Additionally, if the fill area is staked, trenching 
activities will progress more rapidly as repeated checking of boundaries will 
not be necessary. Requiring staking of fill areas for grading eliminates the 
potential for disorganized fill operations; eliminates the poten~ial for filling 
outside proper boundaries; and allows for more efficient use of construction 
equipment. 

Item E requires that a minimum distance of 'so feet be maintained between the 
fill boundaries and the site property line. Filling up to the property line has 
in the past resulted in fill operations moving off the facility owner's or 
operator's property on to adjacent properties. Maintaining the proper 
separation distance will eliminate this from happening in the future. The 
50-foot separation distance also provides sufficient area outside the fill area 
to install surface water drainage control structures and sufficient stable 
ground to conduct site operations. Controlling ·surface water before it leaves 
the site property prevents the disruption of activities on adjacent properties 
due to excessive surface water flooding and uncontrolled erosion. It is 
reasonable to control the fill boundaries at a facility because compliance will 
minimize impacts the facility has on surrounding areas. 

Item F permits only the disposal of demolition debris at permit-by-rule 
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facilities. The Agency will not be reviewing design, construction or operation 
plans for these facilities and will be unable to ensure the necessary 
precautions will be instituted to protect the environment and human health from 
impacts of different waste accepted at the facility. The design and operation 
standards proposed under subparts 2 to 6 are based on the assumption that only 
demolition debris is accepted at the facility. It is reasonable to prohibit the 
acceptance of any waste other than demolition debris at permit-by-rule 
facilities because the facilities are not equipped to properly handle the waste, 
nor is monitoring present to determine the impacts these wastes might have on 
the environment. 

Item G requires that any waste stored at the site be stored in accordance 
with the requirements of part 7035.2855. ·The facility owner or operator might 
need to store some waste at the site prior to proper disposal or removal from 
the site if unexpected 1~as tes are de 1 i vered to the site. Facility owners and 
operators should be informed of the requirements that would govern these 
acti viti es. 

Subpart 5. Closure and postclosure care for permit-by-rule facilities. All 
disposal facilities must be closed at some time. Although the Agency does not 
require facility ovmers and operators of small, short-term facilities to obtain 
a per1oit through the normal administrative process, it is important that the 
basic protections of human health and the environment be required at all 
facilities. Therefore, the Agency clearly indicates here the specific closure 
and postclosure activities that must be completed at permit-by-rule facilities. 

The facility owner or operator must close each phase as it reaches final 
waste elevations. The final cover must consist of at least 2 feet of soil 
capable of sustaining vegetative growth and minimizing erosion problems. 
Alternative solid waste management facilities do not necessarily require any 
special activity at the time of closure; however, proper closure of disposal 
facilities is particularly important in minimizing the impacts from these 
facilities. To eliminate the need for extensive work wh'en the entire fill area 
has reached capacity, closure activities should proceed as filling progresses. 
This allo11s for facility owners and operators to more closely budget operational. 
costs while ensuring facility activities are conducted in a manner that 
minimizes the potential for environmental impacts. The reason for requiring 
2 feet of cover in the final design was discussed regarding subpart 3. The 
Agency has repeated this requirement to emphasize the importance of utilizing 
proper cover materials when closing a facility. 

Conducting closure activities as filling progresses preserves orderly site 
development, minimizes environmental impacts, and maximizes operational 
efficiency. 
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After closure, the site must be inspected at least once each year between 
June and September.· All problems at the site must b'e corrected within 30 days 
of the 'inspection. Final cover placement on a land disposal facility fill area 
does not guarantee protection from settlement or erosion. Although settlement 
at demolition debris land disposal facilities should be minimal due to the 
stability of the 1~aste, it is important that an inspection be conducted yearly 
to evaluate the impacts weather conditions, such as freezing and thawing, have 
on the shifting of materials. Freshly compacted and seeded'cover material is 
susceptible to erosion until vegetation is well established. 

Thirty days is a reasonable time period to implement corrective actions 
because the area impacted should be small. The stability of the waste 1~ould 

indicate little potential for correction of settlement areas and erosion should 
be minimal provided good construction techniques were followed-during placement. 
Proper care of facilities after closure is prudent risk management activities to 
eliminate future corrective actions. 

A site closure record must be completed after closure and submitted to the 
Commissioner. A notation must be placed on the property deed indicating the 
site use and location of the waste. Requiring facility owners and operators to 
submit a site closure record is the most effective way to notify the 
Commissioner of the completion of facility activities and to update Agency files 
on the fill progression of the~e sites to ensure volume and operating life 
limits are not violated. The site closure record is not a hardship on the 
facility owner or operator because it is basic information that must be 
prepared t? responsibly operate the facility. Future mmers of a particular 
site have a right to knov1 how prior owners used the land so they understand the 
risks th'ey may be accepting in purchasing the land and the limitations that may 
be placed on site.activities. Requiring facility owners and operators to place 
a notation on the property deed ensures future owners are made aware of past 
site activities. 

Subpart 6. Notificati6n of permit-by-rule facilities. The owner or 
operator of a facility qualifying for permit-by-rule status must notify the 
Commissioner of the facility's existence by letter within 30 days after the 
effective date of the proposed rules. Owners and operators of new facilities 
must notify the Commissioner by letter before operations begin. The 
notification letter must include the initial date of operation, the type of 
v1aste accepted, the capacity of the site, the location of the site, the users of 
the facility, and the expected closure date of the site. 

A notification letter provides a method for facility owners and operators 
and the Commissioner to communicate about a particular disposal facility. The 
information in the notification letter will give the Commissioner sufficient 
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facility location· and design information. The Commissioner will be able to 
notify the facility ovmer or operator of circumstances that may cause a 
violation of the permit-by-rule standards and provide advice on design or ' 
construction techniques that would prevent these violations. The information to 
be submitted to the Commissioner is all readily knmm by the facility o~mer or 
operator as it is necessary to determine the eligibility of a particular site 
for permit-by-rule status. 

Subparts 7 to 14 establish the minimum standards applicable to demolition 
debris land disposal facilities that will be operated for 12 months or longer or 
have a volume equal to or greater than 15,000 cubic yards. Separate standards 
should be developed for larger, long-term facilities because of the greater 
potential impacts from these facilities. The Agency believes having only one 
set of standards and trying to indicate clearly that provisions apply to 
permit-by-rule facilities and that apply to permitted facilities would result in 
confusion on the part of facility owners and operators. The Agency believes a 
more reasonable approach is to separate the standards, 
repetition of information occurs. Facility owners and 
information on applicable standards_ can restrict their 
subparts applicable to their situation. 

' even though some 
operators looking for 
search to the particular 

Subpart 7. Location standards for· permitted facilities. The owner or 
operator of a permitted demolition debris land disposal facility is prohibited 
from locating the facility v1here the impacts from operations_could have severe 
detrimental effects on the surrounding area. Unlike permit-by-rule location 
requirements, these standards do not specify all areas that may be excl~ded from 
consideratfon for use by larger, long-term facilities. The approach to location 
standards is somewhat different from those for permit-by-rule facilities because 
the Commissioner will have an opportunity to review how proper design, 
construction, and operation activities will be used to mitigate potential 
impacts. 

Item A prohibits locating permitted demolition debris waste land disposal 
facilities on sites with active karst features including sinkholes, disappearing 
streams, and caves. As with permit-by-rule facilities, it is important to stay 
out of areas characterized by unstable bedrock due to the potential for bedrock 
collapse, which can injure facility personnel and impact the environment. 
Additionally, some of these facilities may accept other wastes depending on 
waste characteristics and volume and the design, construction and operation 
plans for the facilities. It becomes more important in these cases that maximum 
protection be used when locating the facility to ensure site conditions cannot 
impair facility operations. 

Item B prohibits facility owners and operators from locating facilities on 
' 
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sites where topography, geology, or soil is inadequate for protection of ground 
and surface waters. Under part 7035.2555, these facilities are prohibited from 
environmentally sensitive areas such as 1~etlands and shorelands. The Agency 
believes that other areas exist that are inappropriate for the locating of these 
facilities. One goal of the proposed solid waste rules is to minimize the 
impacts solid waste management facilities have on the waters of the State. In 
striving to meet this goal, facility owners and operators and the Agency must 
consider all factors that contribute to proper management of these wastes .. The 
physical features of a site are some of the factors that must be considered. 
Steep embankments, high ground water tables, or surface water drain~ge basins 
are physical characteristics that may prohibit the location of a disposal 
facility on a particular site. 

Subpart 8. Design requirements for permitted facilities. This subpart sets 
out the minimum design standards the Agency believes are necessary for all 
permitted demolition debris land disposal facilities. Minimum design standards 
are necessary to ensure a base level of protection at every site through the 
design of the facility. As a risk management effort, the facility owner or 
operator may choose to design the facility so that it exceeds the standards. 
Including the minimum standards in a rule alerts facility owners and operators 
to what the Agency expects each design to attain to comply with the goals of the 
proposed rules. 

Hem A requires the facility owner or operator to develop specifications for 
site preparation during the permit process and submit them a~ part of the permit 
application. Site preparation must allow for the orderly development of the 
facility. The specifications must address clearing and grubbing, topsoil 
stripping and storage, cover material excavation, drainage control structures, 
and all other design features needed to prepare the site for operation. Site 
preparation is important in maximizing fill capacity while minimizing the impact 
site operations have on the surrounding area. Controlling surface water 
drainage is important to maintain fill operations, minimize erosion, and 
minimize impacts on surrounding areas. Preparation of the fill area must be 
controlled to maximize use of existing topographic features such as natural 
depressions and surface water drainage, thus eliminating costly construction 
activities. Str1pping off topsoil and stockpiling it for use as cover is a 
prudent construction maneuver to obtain as much cover as possible from on-site 
soils rather than wasting this valuable material. Unless site preparation 
activities are planned, the facility mvner or operator will not be able to 
schedule work functions systematically to minimize the amount of open area to 
control drainage problems and encourage controlled filling. This provision 
requires of the facility owner or operator only sound business and environmental 
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control procedures. 
Item B requires the site to be developed in phases. Each phase must contain 

individual cells that will provide vertical filling to final waste elevations. 
The facility owner or operator must consider seasonal differences in weather and 
amount of waste received in determining the length and size·of each phase. The 
facility owner or operator must bring each phase to the final waste elevations 
shown on the ultimate development plans and in the approved facility closure 
plan. The Agency believes that the most efficient method to minimize impacts 
from land disposal facilities is organized filling that is vertically oriented 
to obtain proper slopes and closure of the fill areas. By filling the site in 
phases, the facility owner or operator will be better able to control surface 
water drainage, final cover activities, and routine operations. Minimizing the 
areas to be filled through phase development plans controls the amount of space 
the facility o~mer or operator must manage. The facility owner or operator can 
control the amount of site preparation work that must be completed at any one 
time, allowing these costs to be worked into the operating budget of the 
facility. 

For long-term facilities, phase development is necessary to prevent 
demolition debris land disposal facilities from becoming garbage dumps to the 
unknowing. Demolition debris is generated in cycles in most areas of Ninnesota. 
Construction activities are limited to approximately 9 months out of the year. 
Although winter construction does occur, the demolition activities associated 
with these projects are normally conducted prior to this time. It is important 
that the facility owner or operator size the fill areas with these cycles in 
mind. If the facility is left for long periods of time with large, inactive 
areas, members of the general public will see it as a location to dump unwanted 
materials. 

Under item C, the facility ovmer or operator must divert surface water 
drainage away from and around the site operating area. The design of the 
drainage control system must take into' account the expected final contours, site 
drainage patterns, need for temporary structures, and other site conditions that 
may impact site operations. Excessive surface ~ater entering the fill area can 
disrupt facility operations and create severe erosion problems. Demolition 
debris is bulky and heavy and requires heavy equipment to operate the facility. 
This type of equipment does not function well in high moisture conditions. 
Sediment loss off the property can be minimized by controlling surface v~ater 
drainage to prevent flowing water from carrying soil particles off the site. 
Excess soils in ecosystems surrounding fill areas is detrimental to the aquatic 
habitat and surrounding activities. Surface water drainage must be controlled 
at demolition debris land disposal facilities. 
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Item D requires the facility owner or operator to design slopes and 
drainageways to prevent erosion. Slopes greater than 200 feet must be 
interrupted with diversion drainageways. Demolition debris land disposal 
facilities offer great environmental risk of sediment loading impacts on the 
surrounding area. The large disturbance from equipment preparing a site, the 
nature of the waste, and the type of equipment used to operate these facilities 
produces perfect conditions for erosion to occur if proper precautions are not 
observed. Constructing a ditch to interr~pt surface water before it reaches a 
fi 11 area is in theory the proper action to fo 11 ow. Hov1ever, if the ditch is 
not protected to minimize soil loss, erosion will only be encouraged. Steeper 
slopes should have shorter runs before draining water is intercepted. Shorter 
runs control the area placed under the pressure of rapidly moving water that can 
scour the surface and .loosen soil particles. The limit on uninterrupted slopes 
was developed from U.S. Soil Conservation Service information on erosion 
control. Facility mmers and operators must consider prevention of erosion when 
determining slopes and drainageHays to minimize risks associated with land 
disposal operations. 

Item E establishes the minimum standards for designing final contours for 
the facility. The facility owner or operator must design the fill area so that 
the final contours are at least a 2 percent slope but no greater than 20 
percent. The slope of an area has immediate impact on the potential for erosion 
of the final cover over a fill area. The steeper the slope, the higher the 
potential for erosion even when drainage breaks are used to slow the velocity 
of water flowing over an area. A minimum slope is needed to encourage some 
surface water drainage yet allm~ the site to be used. The structural stability 
of demolition debris and its resistance to decay make it a suitable fill 
material for building sites or parking lots. The flatter slopes provide the 
facility owner or operator the opportunity to investigate more end uses for 
sites that allow future development. The proposed slope.standards provide 
minimum protection but allow the facility owner or operator to consider future 
site uses . 

. Item F requires the facility ovmer or operator to include in the facility 
design a cover system that meets the requirements of subpart 11. Referencing in 
subpart 11 alerts facility owners and operators to their total responsibilities 
regarding the, facility design. Subpart 11 provides a clear definition of cover 
standards for permit applicants and owners and operators. 

Item G requires the facility mmer or operator to address the need and the 
specifications developed for a water monitoring system. The Agency believes 
that .in certain situations ground water or surface water monitoring systems will 
be appropriate. For instance, under certain circumstances industrial solid 
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waste will ·be acceptable for disposal at demolition debris land disposal 
facilities. One waste in this category is certain foundry sands that contain 
lovl levels of contaminants. The feasibility of these wastes going to a 
demolition debris land disposal facility will depend on site geology, depth to 
ground water, and facility operations. Therefore, the facility owner or 
operator must consider during the design phase how these conditions impact the 
need for monitoring at the facility. Another waste that may indicate the need 
for monitoring is debris from the demolition of large buildings. This material 
may be more chemically active than ordinary demolition debris. Facility owners 
or operators accepting debris from large demolition projects may see a need for 
monitoring potential impacts. Facility owners and operators have some 
flexibility in deciding acceptable risk levels by accepting certain waste. This 
rule enhances the ability of facility owners or operators to manage these risks. 

Subpart 9. Operation and maintenance requirement for permitted. facilities. 
This subpart establishes the minimum standards to be followed by facility owners 
and operators in operating these disposal facilities. By establishing minimum 
standards for operation of demolition debris land disposal facilities, the 
Agency intends that every facility be operated to provide for environmental 
protection. Consistency of facility operations will be enhanced by using a 
standardized approach to minimizing impacts on surrounding areas. By 
establishing operational standards, the Agency alerts facility owners and 
operators to their responsibilities in adopting a risk management program for 
these facilities. Proposing in the rule operation and maintenance requirements 
pro vi des an understanding of the Agency's base criteria for reviewing facility
operations. 

An operator certified under parts 7048.0100 to 7048.1300 must be present at 
the facility during oper~ting hours to minimize the potential for environmental 
impacts that exists at all solid waste management facilities. The training and 
certification requirement appears in parts 7048.0100 to 7048.1300. This 
provision serves as a reminder to facility owners and operators of their 
responsibilities in this regard. It alerts facility owners and operators to 
requirements governing .their actions in a rule they are most apt to be reviewing 
for such responsibilities. 

Item A requires that all wastes be covered on a monthly basis, at a minimum. 
The Commissioner may require a different frequency of cover based on the waste 

\ 

accepted, site operations, and site conditions. Due to its size and 
composition, demolition debr~s does not easily become airborne nor provide a 
food supply for rodents, vermin or other animals in the area. Because the waste 
is inert, the need to control the rate of decomposition or leachate generation 
is minimized. Thus, need for daily cover does not exist as it does for 

--. I 

~ 



February 23, 1988 

-597-

industrial solid waste or mixed municipal solid waste. By covering the area at 
least monthly, facility owners and operators wi.ll fill voids along with 
developing the site, allow for more reasonable cost estimates, provide more 
structural support as filling progresses, and eliminate settlement due to the ·' 
final cover shifting into void spaces. 

If a facility owner or operator elects to accept industrial solid waste for 
di sposa 1 , the frequency of cover must re 1 ate to the type of waste being handled 
and site operations. The Commissioner will establish the cover frequency based 
upon review of the facility owner's or operator's plan for waste management 
because the review allows for consideration of site-specific activities. No one 
set of standards can be established in rule because of the differences in site 
geology, waste volume, waste character-istics. 

Item B requires the facility o~mer or operator to spread and compact a 11 
wastes. Demolition debris, if simply dumped from the incoming trucks, can form 
bridges (cross intert~ining of timbers and boulders forming voids) and hamper 
the ability of the facility owner or operator to.compact the waste. The bulky 
nature of the waste also makes it difficult to compact. However, spreading the 
waste will reduce and achieve some compaction. In situations where industrial 
solid waste has been approved for disposal at demolition debris land disposal 
facilities, the facility owner or operator will be able and expected to achieve 
better compaction of the industrial solid waste than demolition debris. Due to 
the variability in waste size and shape, no one standard can be established in 
rule that would allow consistent compliance by facility mmers and operators. 
Therefore, a general performance standard is established for compaction and 
spreading waste at demolition debris land disposal facilities. 

Item C requires that suitable cover material be maintained at the site. For 
development of the fill area to progress in a reasonable fashion, the necessary 
equipment and materials must be readily available. It is inefficient and 
expensive to obtain equipment on a daily basis and it is inefficient to haul in 
cover on a daily basis. Planning for needed materials and guaranteeing their 
availability allows facility owners and operators to fit the costs in a routine 
operating budget. To comply with cover requirements, U:e facility owner or 
operator must coordinate cover material availability with the fill schedule. 
Maintaining cover on-site makes this effort easier. Proper business practices 
require equipment and cover material to be readily available for use as needed. 

If suitable cover is not available on site, cover material must be delivered 
to and stockpiled at the site. If cover material cannot be acquired at the 
disposal site, the facility owner or operator must ensure its delivery to the 
facility in a timely fashion. If a facility owner or operator waits until cover 
is required before seeking out sources of material and contracting for its 
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delivery operations at the facility could be delayed unnecessarily. 
Item D establishes the time at which final cover must be placed at 

demolition debris land disposal facilities. As each fill phase reaches final 
waste contours, the facility owner or operator must place final cover over the 
phase. By establishing in rule the time at whfch final cover must be placed at 
these disposal facilities, the Agency alerts facility owners and operators to 
their responsibi.lities and allows them to properly plan for this activity so 
that it is completed during normal construction periods. 

Achieving proper compaction during winter months is impracticable. 
Compaction is achieved by passing equipment over the soil material under proper 
moisture conditions. The cold weather experienced in Minnesota during the 
winter months make this difficult to achieve with any consistency and 
reliability. Therefore, the facility owner or operator will need to consider in 
the phase development plans the timing for opening and closing the fill areas. 
Placing final cover as final waste contours are achieved provides for orderly 
development of the facility, all.o~1s for better budgeting of time and money for 
this activity, and minimizes the potential for erosion during placement of the 
cover as smaller more controlled locations will be completed. 

Item E requires the facility owner or operator .to stake each fill phase for 
proper grading and filling. The equipment operator must understand the 
boundaries of disposal operations. The most efficient method of controlling the 
limits of fill operations is through the use of grade stakes. Locating the 
grade stakes on the boundary of the fill operation delineates the horizontal and 
vertical limits for filling. These limits are more easily established before 
filling so the equipment operator can use them to limit site activities. 
Staking each fill phase eliminates the potential for filling past approved 
boundaries or above the vertical limits approved in the permit. This rule does 
not require more of the facility owner or operator than is necessary to ensure 
compliance with permit conditions. 

Item F requires the facility owner or operator to construct, operate, and 
maintain the facility in a manner that promotes surface water run-off without 
erosion. The Agency' believes that erosion occurs at demolition debris land 

'disposal facilities due to the difficulty of obtaining consistent, even surfaces 
to place cover on during fill operations. If the waste is spread and compacted, 
the working face can be maintained at a consistent slope that minimizes wash-out 
of the cover. Surface water dislodges soil particles as it moves over an area. 
The amount of soil loss is dependent on soil type, slope of the area, vegetative 
cover, and the length of run. By controlling these elements, erosion can be 
controlled. 

If erosion is not controlled at disposal facilities, a number of problems 
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occur. The sediment carried off.the site to surface water areas can negatively 
impact local habitat by filling low areas, suffocating aquatic organisms, or 
depleting o~ygen from these environments. Large mud slides can interfere with 
facility operations and cost the facility owner or operator time and materials. 
The loss of soil from the site requires the facility owner or operator to 
pu~chase more material·i increasing operating costs, and creates a loss of 
valuable resource. Facility owners and operators must be cognizant of the 
impacts of surface water run-off if not properly managed at disposal facilities. 

Item G requires surface water to be diverted around and away from the active 
portion of the facility. The active portion of the facility is most vulnerable 
to negative impacts from surface water. The amount of sediment in the surface 
water is substantially higher because of the slope arid rough surface conditions. 
E~cess moisture in the fill area can hamper the ability of facility personnel to 
complete their duties. The structure and stability of soil is related to the 
amount of moisture present. At optimum moisture content, the soil structure 
will be strongest. When the moisture content is higher, the upper surface can 
become liquid in nature. The equipment used to haul and move the demolition 
debris in the fill area does not operate efficiently under these conditions as 
traction is difficult to obtain. Any activity serves only to increase the 
potential for the soil to be further dislodged and carried off the site as the 
water drains away. Surface water must be diverted around and away from the 
active portion of the facility to maintain operations and minimize erosion 
potential. 

Item H requires the facility owner or operator to maintain a separation 
distance of 50 feet between the fill-boundaries and the property line. 
Separation distances are established to protect adjacent property owners from 
immediate impacts from site activities and to ensure that all facility 
activities take place on the proper side of the boundary line. Drainage control 
structures including ditches and berms can be constructed to reduce the amount 
of run-off flowing over adjacent property and interfering with activities on 
that site. Fifty feet provides sufficient room for construction and operation 
without unreasonably minimizing the area a facility o~mer or operator has 
available for use. 

Item I requires the facility owner or operator to implement corrective 
actions to repair any conditions not in compliance with parts 7035.2525 to 
7035.2605, the general operational standards applicable to all solid waste 
management facilities. This provision alerts facility owners and operators to 
their responsibilities and places them on notice that the Agency believes 
corrective actions are to be employed at all facilities as the need arises. 
Supplying this information by rule because it clearly indicates that 
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noncompliance with rules is unacceptable. 
Item J requires the facility owner or operator complete sampling and 

analysis of ground or surface water in accordance with subpart 12. Subpart 12 
sets out the conditions under which ground water or surface water monitoring may 
be required by the Commissioner. Although the specifics are contained in 
subpart 12, addressing monitoring requirements under this item is an operational 
concern to facility owners and operators. This provision alerts facility owners 
and operators that monitoring water quality could be required at demolition 
debris land disposal facilities. The provision by itself requires no additional 
work from facility o~mers and operators unless monitoring is required by the 
Commissioner in accordance with subpart 12. 

Item K requires the facility owner or operator to survey the disposal area 
annually by November. The survey must be completed by a land surveyor 
registered in Minnesota. An updated plan must be submitted with the annual 
report required in part 7035.2585. The plan must show the elevations of 
completed fill areas, partially filled areas, and all pertinent structures. The 
annual survey will be used by the Agency to evaluate the progress of facility 
operations and compare the updated plan with approved plans for compliance 
dete~minations. The annual update allov1s the facility owner or operator to 
evaluate the rate of filling and determine the time remaining before the site 
capacity will be reached. Annual surveying is the most efficient method to 
determine elevations and area covered by the year's operation. If comprehensive 
plans are maintained as the fill progresses, the annual survey should only 
require a minimal amount of time to delineate the most recent year's activities. 
Annual surveys ensure fill operations are proceeding as permitted and esta~Tish 
compliance or noncompliance in increments easily corrected, if necessary. 

Subpart 10. Hydrogeologic evaluation. This rule establishes that a 
hydrogeologic evaluation may be required by the Commissioner for a proposed 
demolition debris land disposal facility. The need for and level of detail for 
a hydrogeologic evaluation 1~ill be determined on a case-by-case basis. If the 
facility owner or operator elects to accept industrial solid 1~aste in addition. 
to demolition debris, a hydrogeologic evaluation may be necessary to determine 
potentially sensitive areas. A hydrogeologic evaluation 1~ill be required for 
these facilities because the evaluations could provide information needed to 
determine potential risks. This provision alerts facility Ol·mers and operators 
that a hydrogeologic evaluation may be required, thus providing them Hith an 
opportunity to review the situation and discuss with Agency staff this 
possibility early in the design phase for the facility. 

If a hydrogeologic evaluation is required, it must determine the types of 
on-site soils, the depth to water, and the general geologic setting. Soil 
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borings must be completed in accordance with part 7035.2815, subpart 3. The 
Commissioner shall base the decision to require a hydrogeologic evaluation on 
the waste to be disposed of in the facility, the amount of waste disposed of, 
the size of -the facility, kno~m soil conditions, and the known hydrogeologic 
conditions at the site. It may be necessary to determine the potential risk 
associated with operating a facility beyond what can be determined through a 
site inspection and review of hydrologic maps. If a facility 1~ill be in 
operation for a period of years or will receive waste from industrial sources or 
from demolition work that may result in the disposal of unwanted materials due 
to the nature of the job, it is important that the facility be designed to 
minimize risks and monitor the performance of the design components. 
Establishment of adequate monitoring requires an understanding of the ground 
water flo11 system below the fill area so that well placement is completed in the 
areas most likely to detect impacts. 

Subpart 11. Cover design .. This subpart contains the performance standards 
governing the final cover design for permitted demolition debris land disposal 
facilities. The Agency has chosen to use performance standards regarding the 
cover design at these facilities because the cover design must be compatible 
with the intended final use. Should only design standards be used for 
regulating the final cover, the Agency would regularly be in the position of 
considering variances from the design standards to facilitate further use of the 
property in a productive manner. For instance, to require 2 feet of topsoil 
over an area to be used as a parking lot would be unreasonable unless necessary 
to construct a parking lot. Additionally, topsoil may not be the appropriate 
cover material under these circumstances; a 1~e ll-dra i ned sand may be better. 
These adjustments are more reasonably attained through performance standards 
than design standards. 

Under this subpart, the facility o~mer or operator must demonstrate hov1 the 
proposed design will comply with the performance standards. The cover system 
must be designed and maintained to prevent erosion of surface and side slopes, 
minimize particulate matter, retain slope stability, and maintain vegetative 
growth. These conditions must be controlled to prevent environmental impacts 
from these facilities. Clearly indicating the conditions establishing proper 
performance of the cover sys tern allows facility mmers and operators to develop 
the design details necessary to justify their proposals. 

This subpart contains three specific design standards in addition to the 
general performance standards. The Agency believes it is necessary to highlight 
these areas as controlling factors in facility designs. By incorporating these 
factors into the facility design, the facility o~mer or operator will be able to 
meet the performance criteria discussed in the previous paragraph and the future 
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needs of the site. Performance criteria coupled with the three cantrall ing 
design factors provides a 'reasonable approach to minimizing environmental 
impacts from these facilities. 

Item A requires the final cover to be compatible with the intended end use 
of the site. Mismatching these site components can result in failure of the 
cover performance and the end use .. For example, moisture-laden topsoils used as 
cover over an area intended for a building location may not match the 
construction specifications for the building. The soils would be a costly 
alternative to cover and could impact the building's structural stability from 
freeze-thaw or shrink-swell actions on.the soil. This provision is responsive 
to the needs of facility owners and operators and the Agency in maximizing site 
uses while providing environmental protection criteria. 

Item B requires the final cover be capable of sustaining vegetative growth 
as appropriate. If the site is to be open space or park land, vegetation is 
necessary . If the site will be a parking area, gravel may be a more 
appropriate cover material and vegetation unnecessary. If industrial waste is 
accepted at the facility, good cover and vegetative growth will be necessary to 
minimize infiltration into the fill area. As realized through these few 
examples, many different cover designs may meet end-use objectives and 
protection of the environment. This item guarantees facility owners and 
operators flexibility in developing site use plans while holding the line on 
acceptable practices for protecting the environment. 

Item C requires the final cover to consist of materials consistent with the 
overall site design. While item A is directed at the site performance after 
facility operations have ceased and the other uses of the site are implemented, 
this item addresses site operation and wastes accepted during the active life of 
the facility. If the facility owner or operator elects to accept industrial 
solid waste final cover materials would consist of lower permeability soils to 
discourage infiltration minimizing leachate generation and the potential for 
pollutants to reach ground water or surface water and negatively impact their 
quality. However, buildings or parking lots located on demolition debris only 
may be satisfactorily covered with more permeable soils. 

Subpart 12. Water quality monitoring. In this subpart, the Agency sets out 
the conditions under which water quality monitoring may be necessary at 
demolition debris land disposal facilities. The Agency ~as the authority and 
duty under chapter 115 to require monitoring at all facilities when necessary to 
investigate the extent of pollution and to protect the environment from 
detrim'ental impacts. The Agency is given the powers and duties: 

(b) To inve~tigate the extent, character, and effe~t of the 
pollution of the waters of this state and to gather data and 
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information necessary or desirable in the administration or 
enforcement of pollution laws, and to make such classification 
of the 1~aters of the state as it may deem advisable; 

(e) To adopt, issue, reissue, modify, deny, or revoke, enter 
into or enforce reasonable orders, permits, variances, standards, 
rules ... in order to prevent, control or abate water pollution 

( 7) Requiring the owner or operator of any di sposa 1 system or 
any point source to establish and maintain such records, make 
such reports, install, use, and maintain such monitoring 
equipment or methods, including where appropriate biological 
monitoring methods, sample such effluents in accordance with 
s~ch methods, at such locations, at such intervals, and in 
such a manner as the agency shall prescribe, and providing 
such other information as the agency may reasonably require; 

Minn. Stat. §115.03, subd. 1 (1986). 

The Agency believes that it is reasonable to address the possibility of 
monitoring requirements in rules, invoking these statutory po~1ers as needed .. By 
including a provision establishing water quality monitoring as a potential 
permit requirement, the Agency a 1 erts facility owners and operators to the 
conditions that will dictate the need for monitoring. Providing facility owners 
and operators this information in rule establishes a consistent base from which 
all facility operations will be judged. 

The.Commissioner may, under this subpart, require water quality monitoring 
for a permitted demolition debris land disposal facility based on the types of 
waste accepted, site location, site characteristics, length of operating life, 
size of facility, and potential for human health or environmental harm. These 
factors are key components in determining the amount of risk associated with 
operating a demolition debris land disposal facility. By understanding the 
Agency's concerns in evaluating the need for water quality monitoring, facility 
owners and operators will be better equipped to use design, construction and 
operational controls to address these concerns or prepare for water quality 
monitoring at the facility. 

Subpart 13. Financial assurance. This subpart provides for financial 
assurance at permitted demolition debris land disposal facilities. The 
Commissioner, under this subpart, may require facility owners and operators to 
obtain financial assurance for proper operation, closure, postclosure care, 
and corrective actions. The Commissioner's determination will be based on the 
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size,.site hydrogeology, operating life, past and existing operational 
practices, and types of waste accepted at the facility. The proposed rules 
allow owners and operators of demolition debris land disposal facilities to 
accept industrial solid waste. The acceptance of industrial solid waste depends 
on the waste characteristics, site conditions, and operational practices used at 
the facility. Demolition debris is an inert material with low potential for 
environmental impact. The same cannot be said of all industrial solid 1-1astes. 
The industrial solid waste at these facilities represents an increased risk. that 
a pollutant may be released into the environment. Some assurance must be 
provided by the facility owner or operator that money will be available to 
control any pollutant migration. 

The amount of waste received at a facility is dependent on the amount of 
demolition activity occurring at any given time. Therefore, the permitted life 
of a site designed for five years worth of fill capacity may be extended because 
projected waste is not received. Extending the life of the facility can 
generate operational problems in providing suitable cover and controlling 
intrusion onto the site be unauthorized persons. It is reasonable to take into 
account the expectea Uf.H::radn~ life of the facility assessing the problems that 
might arise and the financial ability of the facility owner or oper·a·~ur to 
address these problems. 

The site hydrogeology controls the potential for pollutants entering the 
subsurface stratum below the fill area. If ground water is near the bottom of 
the fill area and/or the soils are highly permeable, the potential is great for 
pollutants to negatively impact the ground water. The Agency believes that this 
potential must be considered in determining the need for financial assurance at 
a facility. 

Subpart 14. Closure and postclosure care of permitted facilities. This 
subpart clearly directs facility mmers and operators to close eacll phase of the 
fill area as it reaches final 'flaste contours and to close the entire facility 
when its capacity is reached. Closure activities must be conducted in 
accordance with the closure and postclosure care plans developed under parts 
7035.2625 to 7035.2655. Including this requirement clearly indicates to 
facility owners and operators when closure activities must occur. 

3. Part 7035.2835 COMPOST FACILITIES. 

This part establishes the requirements applicable only to compost 
facilities. Compost is generated from the decomposition of organic material 
into simple, stable compounds, carbon dioxide and water. This process occurs as 
a result of a balance between the microorganisms that break down the organic 
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material and their environment. If the compost pile becomes too hot or cold, 
too wet or dry, or if insufficient oxygen or carbon .sources are available, the 
microorganisms will be unable to adequately complete the decomposition process: 

The requirements address the design, operation and construction of yard 
waste compost facilities and solid waste compost facilities. The regulatory 
standards in the existing solid waste rules address locational needs and general 
product quality, but contain few specifics on the basic design requirements for 
compost facilities. The existing solid waste rules do not distinguish between 
yard waste composting and solid waste composting. Yard waste consists of grass 
clippings, leaves, and garden waste; minimal environmental or health risks exist 
with the final compost product. Other solid waste compost will contain metals 
and objects that may be of concern in its distribution. The standards applied 
to compost facilities differ in relation to the risk associated with each 
management technique. See Appendix XVI. 

During the drafting stages for the proposed rules, the Agency received 
numerous comments suggesting that the compost rules contain facility design 
standards and quality control requirements for the final compost product. 
Commentors indicated the need for consistency in product quality across the 
State, and that all facilities should be designed based on a specific set of 
criteria. The Agency believes it should establish base level criteria in rules 
but allow for flexibility based upon the amount and type of waste to be handled 
and the end use planned for the compost. The subparts addressing this approach 
are further discussed below. 

Subpart 1. Scope. This subpart states which subparts are applicable to 
yard waste compost facilities and which are applicabie to all other solid waste 
compost facilities. It notes that yard waste compost facilities are given 
permit-by-rule status under part 7001.3050, subpart 3, provided they comply with 
subparts 2 and 3 of this part. This subpart reiterates the requirement to 
ensure facility owners and operators are aware of their responsibilities. 
Additionally, this subpart notes that backyard compost facilities are exempt 
from par~ 7035.2835. 

Backyard compost facilities are completely exempt due to their size and the 
material handled. It would be unreasonable to expect each homeowner or business 
operating a grass and leaf compost operation to request a permit or even notify 
the Agency of their existence. It would likewise be unreasonable to expect the 
Agency to process these permits/notifications in a timely fashion and maintain 
an enforcement program to watch over their actions. Nuisance laws and local 
ordinances govern the activities of backyard compost facilities to ensure they 
are not creating conditions that may endanger human health or the environment. 

Subpart 2. Notification. Facility owners and operators of yard waste 
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compost facilities must notify the Commissioner by letter before opening the 
facility for operation. The notification must include the facility location, 
the name of the contact person, the contact person's telephone number and 
address, the facility design capacity, the type of waste.received, and the 
intended distribution of the finished product. The Agency is responsible for 
monitoring solid waste management within the State. The Agency must know where 
and how the waste is being processed, treated, stored, or disposed of. Since 
yard waste compost facilities are permitted-by-rule, the Agency will receive no 
application detailing the amount of waste handled or the location of the 
facility. Permit-by-rule status does not exempt facilities from regulation but 
rather permits their operation without submittal of formal documents or 
receipt of express approval by the Agency. The Agency remains responsible for 
the enforcement of standards at yard waste compost facilities. Therefore, the 
Agency must know \~here facilities are located and who to contact regarding them. 
The information required in the notification must be knmm to the facility owner 
or operator for proper controls to be established. The requirements of this 
subpart do not add any burden to the facility owner or operator. 

Subpart 3. Operation requirements for a yard waste compost facility. A 
condition of retaining permit-by-rule status is compliance with the operation 
requirements established in this subpart. The Agency will not review the design 
of each facility for components that will control the quality of compost 
generated and prevent unacceptable conditions that result in negative impacts to 
human health and the environment. Since yard waste compost facility owners and 
operators are expected to regulate themselves, it is necessary to-,establish 
equitable standards by which all facilities can be judged as to their adequacy. 
The items contained in this subpart establish the conditions under which all 
yard waste compost facilities must be operated in order to be eligible for 
permit-by-rule status. 

Item A prohibits the emission of odors from yard waste compost facilities in 
exces~ of the standards contained in parts 7005.0900 to 7005.1400. The 
standards referred to are existing air quality rules. Odors generated under 
normal operating conditions are musty in nature and would not violate the air 
quality standards referred to above. A facility operated poorly, in 1~hich 

regular turnings are not completed to maintain aerobic conditions, generates a 
very pungent odor characteristic of emissions violating the odor standards. 
Accepting materials other than yard waste may also result in violations. 
Violations of this requirement indicate overall operational problems at the 
facility. Meeting this requirement helps ensure proper operation of the 
facility. 

Item B requires that composted yard waste offered for use by the public be 
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produced by a process that encompasses turning of the waste on a periodic basis 
to aerate the waste, maintain temperatures, and reduce pathogens. The composted 
yard waste must contain no sharp objects greater than one inch in diameter. The 
objectives of leaf composting as a waste management process are a reduction in 
the mass and volume of the material received and the dest~uction of putrescible 
substances. Leaves must be processed in a ma~ner that accelerates 
decomposition. Because leaves and grass clippings are relatively homogeneous in 
nature, they can be processed using relatively uncomplicated procedures. 

Optimum conditions for composting require control of oxygen, moisture, and 
temperature. The decomposition rate is slowed in the absence of oxygen.' When 
deprived of oxygen, microorganisms are not as efficient at processing the waste 
and produce noxious odors. By maintaining conditions with sufficient 
oxygen levels, the facility o~mer or operator will ensure temperatures are 
sufficient to kill pathogens and weed seeds found in the pile. The most 
cost-effective method in controlling process temperature and oxygen is using 
windrows sized for easy turning and self-insulation. If sufficient oxygen is 
not provided, the decomposition process may take as long as three years to 
complete. This could create a demand for land space not readily available and 
result in the distribution of incompletely composted materials. 

Another problem associated with the improper turning of yard waste is the 
lack of pathogen kill. Pathogens are killed at a temperature of 155 degrees 
Fahrenheit. In order to achieve this temperature the compost pile must be 
adequately turned or provided with oxygen by some other means for decomposition 
to occur at a rate sufficient to generate heat. Because turning of the 
composting yard waste is necessary under any management scheme to achieve final 
decomposition and a suitable product for distribution, it is reasonable to 
include in the proposed rule a general operation requirement that turning be 
included as a management technique. Reference 132. 

Sharp objects are not permitted in the final compost product. Yard waste is 
most often picked up in large quantities by vacuum trucks or in bags placed in 
vehicles. Yard waste compost facilities are normally also open to individuals 
bringing in their yard waste. Under these circumstances, the facility 
o~mer or operator has 1 i ttl e contro 1 over the qua Hty of incoming waste. 
Branches are like spears and can impale tires or personnel at the facility as 
well as those handling the final product. Additionally, individuals put 
household refuse in with the yard waste, which not only affects the composting 
process but also leaves glass, metal and other potentially dangerous objects in 
the compost. Yard waste compost is usually distributed free to individual 
homeowners for use as a soil conditioner in flower beds and vegetable gardens. 
Injury to the individuals using the compost must be avoided. The one-inch 
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diameter limitation was chosen as the maximum size for objects in the compost 
because anything smaller than this diameter would require fine screening to 
remove and unnecessarily increase the cost as smaller material is unlikely to 
injure the individual user. 

Item C requires all by-products to be stored in a manner that prevents 
vector problems or aesthetic degradation. This includes residuals and 
recyclables. Materials that are not composted must be stored and removed at. 
least weekly. A yard 1~aste compost facility is designed to handle leaves, grass 
clippings, and other l a1m waste. Wastes that cannot be compos ted may be 
improperly handled because the yard waste compost facility owner or operator is 
not equipped to handle it. If not removed, uncompostable material may harbor 
rodents and small animals that are capable of spreading diseases and disrupting 
the composting area. Because yard waste compost facilities are not always open 
daily and the amount of unacceptable waste should be small, the rule provides 
for weekly removal. Longer storage allowances would require facility owners and 
operators to construct larger holding areas increasing the cost of operating the 
facilities and require the Agency to be involved in governing these facilities. 
A shorter time period would not be cost effective due to the limited amount of 
uncompostable material expected at these facilities. 

Any wastes stored on site must be stored in a manner that prevents vector 
problems and aesthetic degradation. One week is enough time for loosely stored 
materials to be scattered by small animals. Compost facilities are normally 
located in an area surrounded by open space to provide a buffer zone for the 
operation. This type of space also accommodates large populations of small wild 
animals. Cats and dogs can also be disruptive to facilities located in the more 
densely populated area. It is important that the facility owner or operator 
take steps to minimize the potential for animal intrusion. 

Item D requires facility 0\•mers and operators to prevent leachate run-off 
into surface waters. Surface 1~ater draining over the facility must be diverted 

·away from the compost and storage areas. Any decomposition process generates 
water as a by-product. The water contains dissolved organic compounds and 
sediment that can adversely impact surface waters areas. Of most importance are 
the decrease in sunlight due to· the turbidity of the 1~ater, the increase in 
oxygen demand needed to break down these compounds decreasing the oxygen 
available for aquatic organisms, and the pH imbalance the compounds may impose 
on the water body. The amount of leach ate genera ted at yard ~1aste compost 
facilities should be small because the type of waste being composted does not 
contain much water and during decomposition moisture is evaporated or readsorbed 
into the compost. However, the facility o~mer or operator still must design the 
facility in a manner that permits easy control of any excess moisture generated. 

' ' 
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The design could include working on a paved area or a hard dirt surface gently 
sloped to discourage ponding and to direct the flow pattern. Windrows should 
run with the slope rather than across the slope so they do not dam excessive 
moisture. By addressing these issues in the design of the facility, owners and 
operators will minimize the amount of corrective actions needed to control 
drainage and prevent operational difficulties. Planning ahead for potential 
problems is cost effective in construction projects as it eliminates the 
remobilization efforts needed for corrective actions. 

The compost and storage areas must also be protected from surface water 
draining through them. Excess moisture in the composting area makes it 
difficult to operate equipment in this area and may cause the compost piles to 
go anaerobic, decreasing the rate of decomposition and increasing the odors 
associated with the facility. Disruption of facility operations because of 
washouts or the compost operation failing to operate as designed increases the 
potential that this waste must be landfilled or that considerable efforts must 
be employed to blend in new materials to absorb the excess water encouraging 
aerobic decomposition to begin again. 

Item E requires an annual report to be submitted to the Commissioner. The 
annual report must include the type and quantity of yard waste received at the 
facility; the quantity of compost produced; the quantity of compost removed; and 
a description of the end-product distribution and disposal system. The 
quantities may be reported by 1veight, if scales are present, or volume. This 
information must be submitted in addition to the information required of all 
solid waste management facilities under part 7035.2585. It is necessary to 
state clearly the specific reporting requirements of yard waste compost 
facilities because no administrative document will be issued with site-specific 
conditions that are required. The information required by this item is 
necessary for the Agency to fulfill its responsibilities under law. The Agency 
is responsible for understanding hov1 solid waste is managed. The facility owner 
or operator must have this information to understand the costs associated with 
oP,erating the facility and to make any adjustments necessary to address the 
fluctuation in incoming \~aste. 

Subparts 2 and 3 contain the design and operational requirements for yard 
waste compost facilities. Although these facilities are not expressly permitted 
by the Agency because of their size and the relative inertness of the material 
being composted, compliance with the requirements of subparts 2 and 3 is 
essential in minimizing any risks associated with the operation of these 
facilities. The Agency believes the requirements allow facility owners and 
operators flexibility to address their local needs yet provide a reasonable set 
of standards to protect human health and the environment. Subparts· 4 through 9 
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contain the requirements for operating a facility to c'ompost solid waste 
material other than yard waste. References 133 and 134. 

Solid waste material other than yard waste have a high potential to 
negatively impact the environment if not carefully managed. Materials included 
in this category are mixed municipal solid waste or industrial solid waste, 
municipal wastewater sewage sludge, septage, or agricultural waste. A wide 
variety of options exist on designing and operating these compost facilities. 
Therefore, the Agency believes it is important to establish standards that 
ensure proper design and operation techniques are used at all facilities. This 
provides consistency in the quality of compost generated and in how·this 
management option is approached. The reasonableness of subparts 4 through 9 is 
discussed below. 

Subpart 4. Personnel training·program. The owner or operator of a solid 
waste compost facility must submit a personnel training program plan for 
approval with the facility permit application. The plan must address the items 
in part 7035.2545 and the specific training needed to operate a compost facility 
in compliance 1~ith subparts 5to 9. Facility personnel directly involved in the 
management of the decomposition process must understand the factors that control 
the rate and completeness of decomposition. Because not all facilities will be 
designed the same, accept the same wastes, or have the same end .distribution 
requirement, the Agency cannot establish a training program with general 
application to the personnel at all solid waste compost facilities. However, 
the Agency does believe that all facility personnel can receive training on the 
proper operation of their compost operation. 

A training program tailored to the specific facility will familiarize 
personnel with the equipment and the process planned for the compost operation. 
This serves to protect facility personnel from injury and ensures a 
quality product is generated and risks to the environment are. minimized. 
Training of facility personnel benefits facility owners and operators because it 
ensures that the various components of the operation will be operated to 
maximize efficiency and minimize breakdowns.· The training program should be 
incorporated into the overall risk management program for the facility. The 
program should include both classroom and on-the~job training. Although the 
basic compost process is the same from one facility to another, the intricacies 
of each facility are different. Therefore, the facility personnel must 
understand their specific process thoroughly enough to adjust the process as 
needed. 

It is a 1 so necessary that facility· personne 1 understand how compost is used 
and how the mismanagement of the end product can resu1t in environmental 
impacts. Facility personnel must be capable of instructing users of the final 
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product on its proper use. The Agency conducts yearly courses on the land 
application of sewage sludge and believes that with minor modifications it will 
be applicable to solid waste compost. The Agency also expects to provide 
additional training through ,its annual solid waste seminars, a guidance manual 
based on actual Minnesota composting experience, and special training programs, 
as needed. Proper operation of compost facilities is critical to their 
satisfactory use as a solid waste management technique. All facility owners and 
operators must consider how facility personnel will develop the skills necessary 
to properly operate the facility and control any risks associated with it. 

Subpart 5. Design requirements. There are four basic steps involved in 
most compost operations. These steps include feedstock preparation, 
decomposition, curing and finishing. The processes and equipment used to 
accomplish these steps may vary from facility to facility. The Agency believes 
that no one set of design criteria can be developed for all compost operations 
to provide sufficient flexibility in facility construction and.operation to 
handle waste-specific and climatic conditions. To acco~plish such a task, the 
facility owners or operators would all be required to construct identical 
facilities. This option would take.away the facility owners' and operators' 
ability to do a risk analysis on .a specific technology and incorporate the 
technology into the facility's design and operation. The Agency believes this 
to be unreasonable and, in fact, wishes to encourage new technologies capable of 
producing compost in an environmentally-safe manner. The Agency believes that 
design standards are necessary to ensure some level of protection is provided at 
all solid waste compost facilities. In general, however, the design standards 
required under this subpart are performance oriented to allow for maximum 

·flexibility in designing these facilities. Performance-oriented standards are 
reasonable for compost facilities because the operations are above ground and 
monitorable. Modifications to the system are more easily accomplished than 
below ground systems. The specific design standards are further discussed 
below. 

Item A requires the facility 01mer or operator to include the specifications 
for site preparation in the engineering design report for the site. Site 
preparation must include clearing and grubbing for the. compost and storage 
areas, berm construction, drainage control structures, leachate collection 
system, ·access roads, screening, fencing, and other special design features. 
This information must be included in the engineering design report because it 
provides the Agency with an understanding of how the total site functions in the 
compost operation. All the facility components mentioned are critical in 
analyzing the final facility design and its ability to meet the overall 
performance standards for the facility. By reviewing the site preparation 
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specifications with other design specifications, the Agency will be able to 
pro vi de fac i1 i ty owners and operators l"li th needed design changes for the project 
to be acceptable. Complete review in one document avoids the chance of key 
components receiving less scrutiny than deserved. The information listed above 
must be known by the facility owner or operator to adequately schedule 
construction activities. This item establishes the form in which the Agency 
wants the facility design information to be submitted. 

Item B requires that the facility design incorporate measures to divert 
surface l"later drainage around and away from the operating area. Equipment used 
to produce compost may contain electrical and mechanical components that are 
sensitive to moisture. If the operating area becomes inundated 1~ith surface 
water, the facility may fail to operate properly, causing the facility owner or' 
operator to shut down operations until repairs can be made. Such occurrences 
are time consuming and expensive. While the facility is shut down, the 
potential for negative impacts on the environment increases. If the waste is 
not being composted in a manner that adequately stabilizes the waste, the final 
product may become unusable. Additionally, waste may need to be stored at the 
facility if other management options are not available. Storage of the waste on 
the facility without processing raises human health concerns and environmental 
concerns that are associated with the movement of excess moisture out of the 
waste into subsurface soils and surface waters. 

The washout of compost areas is also of concern. Flooding the working area 
of a compost facility can spread uncompleted compost product over the facility 
or off the faci 1 i ty property. The uncomp 1 eted compost product cou 1 d then get 
into surface waters or onto surface soils, providing routes for pollutant 
migration. Washout can be prevented if there are adequate surface water 
drainage.control structures and if the overall design of the facility, e.g., 
windrow piles, directs drainage with the pattern not across the pattern. 

Surface water flowage may saturate the compost piles causing the system to 
go anaerobic or stop functioning altogether. Anaerobic decomposition is slower 
than aerobic creating additional storage needs because the facility is designed 
to be aerobic. Anaerobic decomposition also occurs at lower temperatures, so 
another process must be used to reduce pathogens., e.g., lime stabilization or 
long curing. Methane gas is· also a by-product of anaerobic decomposition, which 
causes a safety hazard. Under these circumstances, ventilation is key to a safe 
facility design. 

If the compost area and the storage area are damaged by surface 1.,ater, the 
facility owner or operator will be unable to fulfill the performance standards 
of this part. Because the facility owner or operator has much to lose in terms 
of repair costs and management problems, the control of surface water should be 
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_a normal part of the overall facility design. The Agency includes this standard 
to ensure that surface water drainage control is-considered for all compost 
facilities; it provides a base level of protection while not requiring 
additional work effort by the facility owner or operator. 

Item C requires composting, curing, and storage areas for uncured compost to 
be located on surfaces that minimize leachate, release into the ground water or 
onto the surrounding land surface. If natural soils are used, the liner 
permeability must not be greater than 1 x lo-7 centimeters per second. During 
the active decomposition process, organic material is broken into smaller, more 
stable organic compounds, carbon dioxide, and water. The more complete this 
process is, the more stabilized the organic compounds are. The water generated 
during this time is usually either evaporated by the heat or readsorbed into the 
composting waste. Excessive wat~ring, insufficient turning, or improper surfac~ 
water drainage control can cause the compost pile to become saturated, l~aving 

the facility owner or operator_little choice but to stop the process. 
Decomposition is an ongoing process and cannot be turned on or off like a water 
faucet. If excess water exists in the system, it ~1ill move through the pile 
dissolving pollutants like solids and metals. If this polluted water is allowed 
to migrate into subsurface soils~ ground water or surface waters, the result is 
risk to human health and the environment. Should these events occur, the 
facility mmer or operator is faced with costly repair efforts. Discussions. 
with vendors of compost technology have indicated that leachate control measures 
are standard policy and that this item requires nothing unreasonable. 

Two feet of natural soils .is considered the minimum acceptable depth for use 
as liners because of construction difficulties. Construction of a liner 
requires the soil to be placed in 6-inch, loose lifts followed by compaction. 
The first lift is placed directly on subsurface soils and, altho~gr the 
subsurface soil has been graded, the first lift is used to fill gaps and holes 
in the subsurface soil. This lift is directly influenced by the supsurface 
soils and is normally considered a protective layer rather than a critical 
component of the barrier system. The middle lifts form twelve inches of a firm, 
low permeability barrier system that functions to minimize the do~nward 
migration of liquids. The uppermost lift again functions as a protective layer 
since facility operations occur directly above this layer. Thus, the 24-inch 
thickness requirement is needed to ensure that the integrity of the liner is 
maintained. 

The permeability standard established in this item is consistent with the 
standard established in part 7035.2815, subpart 7, for liners at mixed municipal 
solid waste land disposal facilities. The liner's basic function is to control 
the downward migration of pollutants. The single most important factor in 
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controlling the migration is permeability of the liner. In this case, the 
standard of 1 x 1o-7 centimeters per second was chosen not only to be consistent 
with other liner standards in the proposed rules but also because it provides a 
reasonable control on the amount of liquid percolating out of the storage area 
into the surrounding area. 

Fl~w rates through a liner are estimated using Darcy's equation for 
saturated flow conditions. Reference 68. Darcy's equation is as shown below: 

Q = (K)(A) ('h/L) 

where: 

Q = flow rate (cubic feet/day) 
K = permeability (feet/day) 
A = cross-sectional area (square feet) 
h = change in hydraulic head (feet) 
L = liner thickness (feet) 

Knowing the permeability of the liner material enables one to calculate the 
flow rate through a saturated, homogeneous liner~ For example, assuming a liner 
is constructed of material having a permeability of 1 x 10-7 centimeters per 
second (2.85 x 10-4 feet per day) over a 20000 square foot area and 2-feet 
thick, the flow rate would be calculated as follows: if one foot of liquid is 
on the 1 i ner. 

Q = 2.85 x 10-4 feet x 20,000 sq. feet x 3 feet 
day 

= 8.64 cubic feet/day 
= 64.6 gallons/day 

2 feet 

A similar calculation can be made for liner materials having a permeability 
of 1 x 10-6 centimeters per second and 1 x 10-8 centimeters per second. The 
resulting flow would be 636 gallons per day and 6.36 gallons per day, 
respectively. From these results, assuming all things to be equal, the liner 
constructed of materials having a permeability of 1 x 10-8 centimeters per 
second would retard the downward flow of liquids the most. However, in choosing 
a standard, the Agency needed to consider not only the level of protection 
provided, but also the availability of the material. 

Clays and silty clays found in Minnesota are quite capable of meeting either 
1 x 1o-7 centimeters per second or 1 x 10~6 centimeters per second. Soils 
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meeting the 1 x 10-8 centimeters per second are not as common or widespread as 
soils meeting the other permeability figures. Meeting a permeability 
requirement of 1 x 10-8 centimeters per second would, thus, be more difficult to 
achieve and more costly as it would probably require transportation for some 
distance. For these reasons, the Agency believes it would be unreasonable to 
requir'e owners and operators of solid waste compost facilities to construct 
storage liners of materials meeting a performance specification of 1 x 10-8 
centimeters per second. However, the Agency also believes to set a permeability 
standard of 1 x 10-6 centimeters per second would be inappropriate because of 
the amount of leakage permitted under this scenario. The proposed permeability 
standard of 1 x 10-7 centimeters per second maximizes ground water protection 
within the constraints set by soil availability. 

Item D requires that the leachate collection and treatment system be 
designed in accordance with part 7035.2815, subparts 7 to 9, as applicable. If 
leachate is generated or water comes into contact with the waste, the design 
requirements of item C become effective and the liner system must impede 
downward flow. Thus, if the water cannot move through the liner, it must be 
removed from the containment area in order for normal operations to proceed. 
Leachate contains pollutants from the waste. These pollutants are mainly 
metals. Organics are broken down during the decomposition process. Metals are 
phytotoxic to plants and toxic to humans and animals. If the leachate were 
allowed to be disposed of indiscriminately, these pollutants might find their 
way into ground water, surface waters, or agricultural lands. Leachate from the, 
decomposition of solid waste at a compost facility has an associated risk 
similar to the decomposition of solid waste in a land disposal facility. It 
follows, then, that collection and treatment needs will be similar. 

The Agency believes that repeating the collection and treatment requirements 
found in part 7035.2815 would only be confusing and add unnecessary language to 
the proposed rules, even when factors not appropriate for compost facilities are 
eliminated. The Agency prefers to refer facility owners and operators to 
part 7035.2815 and assist them in defining applicable requirements. The size 
and specific facility design will affect how the leachate should be collected 
and treated. No one set of requirements could be established to address 
facilities handling 70 tons per day and those handling 400 tons.per day, given 
the multitude of design options available. 

Item E requires owners and operators to design and operate solid waste 
compost facilities to contra 1 odors. Odors are an expected resu 1t of compost 
operations. Odors are generated from a number of sources, including the waste 
materia 1 , the stage of decomposition, the type of decompos'i ti on, and weather 
conditions. If not properly controlled, the odors generated at the facility may 
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present environmental and human health risks in addition to the secondary 
problem of aesthetics. It is reasonable that the design for the facility 
reflect the potential for odors of solid waste compost facilities because odors 
can indicate problems with the compost operation. 

Item F requires the facility design to include the collection of residuals 
and provide for their transportation and proper final disposal. Not all 
1~aste received at a compost facility will decompose at the same rate as the main 
organic components, if at all. Therefore, as the waste is being processed or 
during the finishing process these uncompostable and slowly compostable 
materials will be sorted out of the compost. Some handling scheme must be 
available to handle these components. Solid waste management requires more than 
just processing the incoming 1~aste dedicated to the specific facility. It 
involves the review of incoming waste, understanding facility operations, and 
making decisions on the ability of the facility to handle waste for processing, 
disposal or collection prior to application of these management options. The 
facility design must be able to control the storage, handling and disposal of 
these wastes. Facility owner~ and operators dislike disruption of normal 
operations because of a particular waste's incompatibility with the facility. 
Designing a facility involves understanding just what wastes are expected, how 
the waste will be managed and the potential problems that might arise. Once 
accepted at a facility, the proper management of wastes become the 
responsibility of the facility o~mer or operator. 

The Agency must understand how the entire State is managing its solid waste. 
This understanding is gained from annual operating reports and reviewing 
facility plans and specifications. Requiring facility owners and operators to 
address residual waste collection and disposal in the facility design provides 
the Agency the knowledge ahead of time to coordinate the entire State management 
options. The intended disposal site may not be suitable for the specific 
residual waste. Through the facility design reviews, the Agency will be able to 
inform the facility owner or· operator of_this matter. 

Item G requires the facility owner or operator to include in the facility 
engineering report the specific design and performance specifications for the 
facility including the facility layout. As stated earlier, many design options 
are available to ~wners and operators of solid waste compost facilities. The 
Agency believes that it would be unreasonable to impose design requirements for 
all facilities in the rules. But the design information is still pertinent to 
the Agency review of permit applications. The permit review process provides 
the Agency with sufficient information for the Agency to determine what impacts 
might be expected from a particular facility. Therefore, the rules require 
facility owners and operators to submit the particular design specifications and 
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the performance expected. Compliance will allow Agency review of this 
information and ensure that all necessary components are included for the proper 
operation of the facility. 

Subpart 6. Operation requirements for a solid 1~aste compost facility. The 
operation of a solid 1vaste compost facility is a critical factor in the overall 
performance of the facility. Well-designed facilities can still perform poorly 
if operational practices are not good. Thus, the Agency believes operation 
requirements will ensure good basic techniques are used at all facilities to 
meet the performance standards included in the rules and those established by 
the facility owner or operator for the specific compost process chosen. The 
operation requirements contained in this subpart become the basis for the 
personnel training program established under subpart 4. The Agency believes the 
combination of a personnel training program and operation requirements addresses 
the importance of facility operations in minimizing the risk associated with the 
composting of solid waste. Each of the operation_requirements, items A to K, is 
discussed belm1. 

Item A requires the o~mer or opera tor of a solid waste compost facility to 
maintain a record of the characteristics of the waste, sewage sludge, and other 
·materials, such as nutrients or bulking agents, being composted. This 
information must include the source and volume or weight of the material. The 
record must be submitted as part of the annual report required under 
part 7035.2585. The characteristics of the materials being composted have a 
direct impact on the quality of compost generated. Whether the materials are 
mixed municipal solid waste alone or with sewage sludge will result in a 
different final product. Sewage sludge or other nutrient sources generate a 
compost richer in nitrogen than mixed municipal solid waste alone. 
Additionally, wastes higher in metal content will generate a compost that must 
be more carefully controlled regarding distribution and uses. Wastes from 
canning operations are normally much 1vetter due to the processing techniques 
than household refuse. It is critical to the facility operations that the waste 
characteristics be understood by the Agency and the facility personnel to 
generate a quality compost. The facility mmer or operator will need the 
information on waste characteristics to properly control temperature, oxygen and 
moisture conditions during the compost process. This item is merely a reporting 
requirement to provide the Agency with the information so the Agency is aware of 
what and how much material is going where. 

Item B establishes parts 7005.0900 to 7005.1040 of the Agency's air quality 
rules as the standards governing odors at solid waste compost facilities. Under 
good operating conditions, composting facilities may have a musty odor. Under 
situations where the wrong waste has been accepted or the wrong process is in 
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effect, anaerobic compost processes generate methane gas, non-odorous yet 
explosive, and other gases with significant odor components. The expectation of 
compliance with this item is high. Few sites are expected to violate the rule 
and little additional work is required. 

Item C requires that all waste delivered to a facility be confined to a 
designated delivery area, and stored and removed frequently to prevent 
nuisances. Nuisances include small animals .and wind blowing of the waste. It 
is expected that incoming waste will be processed at a rate that eliminates the 
need for long-term storage areas. However, the Agency believes it is necessary 
to confine deliveries to a designated area to control traffic patterns and 
maximize efficiency of the operations. Designating delivery and storage areas 
for incoming waste and noncompostable materials allows for better control of 
surface water drainage, liner. construction, and coordination of on-site 
operations. A prudent facility owner or operator would establish such areas 
anyway as it reduces the amount of work needed to deliver and retrieve 1~as tes. 
Designated areas also reduce the safety hazards caused by the crisscrossing of 
traffic flow patterns. The designation of specific areas for purposes such as 
receiving incoming wastes or delivery of noncombustible materials also allows 
facility owners and operators to better control nuisance conditions caused 
blo~1ing 1~aste, improve facility maintenance, and consolidate construction 
efforts. All facility o~mers and operators can easily meet this standard, which 
provides diversification in actual facility designs based on site-specific 
needs. 

Item D requires that access to the facility be controlled by a perimeter 
fence and gate. The gate must be locked when the facility is not open for 
business. In designing, constructing, and operating a solid waste compost 
facility, owners and operators expend considerable time and cost to guarantee a 
specific performance. It would be unwise to all01~ easy access to the facility 
by unauthorized persons, who may jeopardize facility operations or themselves. 
A fence will also deter animals from wandering onto the facility premises and 
interfering with facility operations. By enclosing the facility with a fence, 
the facility owner or operator will also better define the space that must be 
controlled and considered in site preparation, construction and operation .. The 
environmental and operational benefits from using a fence to secure the facility 
outweigh any additional costs incurred by the facility owner or operator. 

Item E requires the facility owner or operator to store all by-products 
including residuals and recyclables in a manner that prevents vector intrusion 
and aesthetic degradation. Materials that are not composted must be removed at 
least weekly. A compost operation is a management technique for solid waste. 
The management process involves more than just putting solid waste on a pile, 



February 23, 1988 

-619-

watering it, and periodically turning it. The operation involves the proper 
handling of all materials entering the facility until the time the material is 
removed, whether as a final compost product, a residual material, or a recyclable 
material. The Agency would be remiss in its responsibilities if the solid ~aste 
compost facility operation standards addressed only the front end processing of 
i~coming waste and ignored the handling of the.waste rejects or recyclable 
materials. 

Because a particular material cannot be utilized in the compost operation 
does not make it of any less concern. The proper management of uncomposted 
wastes is as important as their separation from the wastes that can be 
composted. The uncontrolled storage of the nonusable materials pres~nts an 
inviting nesting area, feeding area, or curiosity for animals. Early 
indications are that facility owners and operators see the front end l'l'aste 
processing area as a prime location for pulling out recyclable materials as well 
as the unusable materials in the composting process. 

Storage of the recyclables is also important. Although aesthetic problems 
have little direct environmental damage attached to them, they are usually a 
symptom of deeper operational problems at a facility. Storage is easily 
accomplished and places little burden on facility personnel during the daily 
operations. Recognizing the need for proper storage alloHs the facility owner 
or operator to take storage into consideration'during the facility design 
process and maximize operational efficiency in this area. 

A weekly removal rate was chosen as a reasonable time period for storage of 
materials not included in the composting process. The owner or operator of a 
solid waste compost facility is in the business to process solid waste, not 
store it. To allow a longer time period than one week would increase the amount 
of material that would be stored at a site, increase the storage area 
requirements for the facility, and increase the risk that mismanagement of these 
materials may occur. To require a shorter time period may place an unnecessary 
financial burden on smaller facility owners and operators that would pay for 
collection of small quantities of unusable material or recyclables. No comments 
were received on the reasonableness of this provision. 

Item F requires that all run-off water having come in contact with composted 
waste, materials stored.for composting, or residual waste must be diverted to 
the leachate collection and treatment system. If the run-off water is held in a 
holding pond, it must be monitored on a quarterly basis for the parameters 
listed in item Hand for fecal coliforms. Leachate is generated by 
precipitation moving through a waste material and removing pollutants and fine 
particles from the waste. Run-off wa~er is surface water draining off the 
property as' the result of precipitation. If the run-off water flows through a 

... 
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waste pile, it may assimilate pollutants and fine particles as precipitation 
falling on the waste does. This water must be managed in the same manner as 
leachate. 

If the run-off water is contained in a holding pond, it must be monitored 
for the parameters in item H, the elements of concern. The holding pond serves 
as a reservoir for later treatment and disposal at a wastewater treatment 
facility. The analysis of the water contained in the holding pond is necessary 
to determine the proper balance required to prevent any disruption of the 
treatment facility. Fecal coliforms are included in the required analysis .-
because they are an indicator of contact with intestinal wastes from.humans or 
animals. Quarterly sampling is a reasonable monitoring schedule because 
anything more frequent may require monitoring when no treatment is necessary. 
Continuous run-off water in the holding pond is not expected .. The holding pond 
should only be needed when large precipitation events occur. The holding pond 
must not pennit direct seepage to the ground water unless specifically permitted 
and designed for seepage. Seepage can be an·acceptable treatment process. 
Therefore, it is necessary to design the size of holding ponds to accurately 
reflect expected precipitation events and routinely monitor the quality of water 
held in the ponds. 

Item G requires the temperature and retention time for the material being 
composted to be monitored and recorded each day. The rate of decomposition, the 
stability of the compost, and the amount of pathogen kill are directly related 
to the temperature of a compost pile. If the temperature is too high or low, 
the rate of decomposition will be slow because the microorganisms responsible 
for decomposition are sensitive to temperature and will not reproduce under 
conditions that limit the amount and speed of decomposition. Pathogens are 
killed at a temperature above 155 degrees Fahrenheit. If this temperature is 
not reached during the composting process, little assurance can be given that 
users of the final product are not at risk of developing a disease. 

The temperature of a compost pile under normal operating conditions will 
rise as the microorganisms begin to break down the organic material into 
smaller, more stable organic compounds, carbon dioxide, and water. Heat is a 
by-product of the decomposition proces~. The temperature can reach as high as 
175 degrees Fahrenheit if not carefully controlled (References 132 and 135). As 
decomposition continues the temperature will stabilize at about 130 degrees 
Fahrenheit until the organic matter is mainly reduced to smaller compounds. The 
temperature begins to decline as the microorganisms become less active due to 
the lack of the food source. Thus, temperature can be indicative of 
compost stabilization. However, temperature is not the only indicator for 
stabilization. For example, improper environmental conditions, lack of oxygen 
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or moisture, can cause the microorganisms to die, and the resulting drop in 
temperature would not be indicative of stabilization~ 

Because temperature is a critical factor in achieving good decomposition and 
is an indicator of the amount of decomposition that has occurred, facility 
owners and operators must record the temperature. The facility ovmer or 
operator needs to be ~ware of the temperature to ensure the compost process is 
proceeding as designed. This item merely requires the facility owner or 
operator to record the temperature each working day so this information will be 
available to the Agency during its revie1~ of the facility operations. After 
discussing temperature recordings with reviewers of the draft, daily recording 
was agreed upon. An hourly monitoring requirement was thought to be 
unreasonable for small facility·owners and operators without a computerized 
method of recording temperatures. However, if temperatures were not recorded at 
least daily, neither the facility ovmer or operator nor the Agency would be able 
to determine compliance with the performance standards for temperature. 

Although most of the compost activity is completed at the end of 21 days, 
some of the more complex organic compounds require a longer period of time for 
complete decomposition to occur. Some time is also needed to stabilize and be 
completely sure the other compounds are decomposed, and that pathogens have been 
killed. Lignin and cellulose are the main organic compounds requiring a lengthy 
decomposition period. These tompounds are found in paper, cardboard and other 
mat~rials made from woody plants. Decomposition of these compounds can occur at 
lower temperatures than needed to kill pathogens. If facility owners and 
operators maintained a complete compost operation including aeration, moisture 
and temperature control, the size of the compost site would need to be two to 
three times greater than normal. This v10uld be an unnecessary cost burden to 
facility 01vners and operators. Thus, once pathogen kill has been obtained by 
high temperatures and the bulk of the material has been composted, normal 
compost practices h,ave the facility owners and operators removing this material 
from the active compost area to a storage area for curing. The curing process 
then takes another three to six months for completion. Little maintenance of 
the compost pile 'is required during this time. Additionally, because the pile 
usually goes anaerobic, is maintained dry, and has little food source content, 
any pathogens that may have survived the high temperatures during the initial 
stages of decomposition are killed during this time .. Specific curing .times are 
included in the performance standards for operating compost facilities. Curing 
also ensures total dissipation of phytotoxic gases (carbon dioxide, methane) and 
offensive odors (hydrogen sulfide) generated during the decomposition process. 
Therefore, facility 01~ners and operators must maintain a log of when piles were 
established and how long curing has progressed. 

; ~ 
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Item H establishes the monitoring parameters for all compost. Under this 
item, periodic analyses of the finished compost must be completed for the 
following parameters: percent total solids; volatile solids as a percentage of 
total solids; pH; Kjeldahl, ammonia, and nitrate-nitrogen; total phosphorus; 
cadmium; chromium; copper; lead; nickel; zinc; mercury; and polychlorinated 
biphenyls. All analyses must be reported on a·dry weight basis. The 
parameters to be analyzed for under this item are required because they 
determine the proper use for the material, the proper application rate of the 
material, and the stability of the material. These parameters are routinely 
considered in evaluating a product for land application. No comments on the 
suitability of the parameters were received. References 132, 135 and 136. 

Conspicuous by its absence in the monitoring program is for pathogens. 
Numerous studies have sh01m that pathogens are killed at temperatures above 155 
degrees Fahrenheit. Analyzing for pathogens requires careful controls on sample 
collection, preparation and analysis to prevent contamination from outside the 
compost pile. In 1980, the U.S. Environmental Protection Agency completed its 
research on the composting of sewage sludge. A manual was developed from this 
researc·h and is considered a primary source of information for those involved in 
composting (Reference 132). The methods developed to reduce pathogens in human 
waste during this research project are used throughout the country as acceptable 
technology for composting, whether sewage sludge, paper sludge, mixed municipal 
solid \'las te, or any other waste type. The Agency believes facility owners and 
operators should be required to choose a process that kills pathogens rather 
than analyzing for pathogens in the final product. This is consistent with the 
Agency's present regulations regarding the management of sewage sludge and 
accommodates the cost concerns raised by commentors on the draft solid waste 
rules. Concern was raised about the type of analysis available for pathogen 
determinations and recommendations made that the Agency consider process control 
rather than testing. The Agency supports these recommendations and proposes to 
eliminate testing requirer.~ents for pathogens in compost. 

Original drafts of rules on composting mixed municipal solid waste contained 
requirements for the analysis of certain organic compounds and the toxicity of 
the compost. The organic compounds were pesticide chemicals no longer permitted 
for use on agricultural land. As the Agency further evaluated the 
reasonableness of analyzing for these compounds, it det2rmined that it would be 
of no benefit to require costly ·analytical work for compounds no longer fo!Jnd in 
the market place. The Agency believes that it may be appropriate to evaluate 
some compost material for organics but this is highly dependent on the 
characteristics of incoming wastes. Most compost facility operations employ 
waste separation techniques to obtain process control over the type of waste 
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entering the composting area. It is expected that little syntl1etic organic 
material that is not decomposed will be placed in•the compost piles. For this 
reason, the Agency believes it is reasonable to eli~inate mandatory analysis for 
organics at all compost facilities and address this need on a case-by-case basis 
dependent on the waste handled by a particular operation. 

Toxicity was eliminated from the required analysis because no definitive 
test is available to determine if toxicity is due to a specific chemical or 
nutritional imbalance. Discussions with University of ~1innesota experts have 
resulted in the Agency's decision to exclude specific analyses for toxicity. 
The Agency believes that the metal analyses will provide sufficient information 
to evaluate the potential impacts the compost may have on plant growth or human 
health. The Agency believes it is unreasonable to require analyses for toxicity 
until proven methods are available or a need for the analyses is shown to 
outweigh the information received through the metals parameters. 
See Appendix XVI. 

Original drafts of this item required the analysis to be completed monthly. 
The Agency believed that it was necessary to monitor the compost process from 
its original stages until completion to ensure stabilization is complete. Many 
comments were received regarding the reasonableness of monthly analysis while 
quality at the time of distribution is of most importance. Other commentors 
suggested that owners and operators of compost facilities in Europe analyze the 
compost as it matures in order to evaluate the developmental process. Reasons 
for the concern during development stages ste1n from the use of immature composts 
(incomplete decomposition) and the use of the information as a performance check 
on the facility. In considering the comments received regarding the number of 
a~alyses required; the Agency reviewed the performance objectives for compost 
facilities and the benefits gained by mandating a specific test schedule in 
rule. A schedule established in rule makes it easier for the Agency to enforce 
testing requirements as all facility owners and operators will be required to 
meet the same requirements. Facility owners and operators will be able to read 
the rule and know what is expected of them. Requirements in rule also provide 
the surest method in obtaining consistency among facilities. The Agency 
believes these to be sound and justifiable reasons for including a specific 
monitoring schedule. However, the Agency has chosen an alternative approach 
to monitoring the compost quality. 

The Agency has chosen to include a more general requirement in the proposed 
rule. The alternative requires periodic monitoring of the compost. The 
monitoring requirements will be established in ·the· facility permit. This 
approach allows facility owners and operators to propose a schedule consistent 
with the intended end use of the compost and the particular design .of the 
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facility. This approach is consistent with the overall approach used in the 
technical requirements for the design and operation of compost facilities. No 
increase in risk to human health and the environment is experienced under this 
approach because all compost generated will be analyzed prior to distribution to 
ensure proper use. 

As indicated in this item, the sampling and analys~s program will be 
established in the facility permit. The program will be based on facility 
design, intended end use distribution for the compost, waste composted, and 
facility operation. As discussed previously, the sampling procedures can affect 
the quality of re.sults received regarding a particular compost. It is necessary 
to integrate a sampling protocol into the facility design and operation in order 
that representative samples are obtained for analysis. The protocol cannot be 
established in rule for all facilities because of the diversity in facility 
designs available to conduct compost operations. 

The Agency anticipates the sampling and analysis program will establish 
baseline performance standards for a particular facility and then be used as a 
check on the performance. This type of program v10u 1 d inc 1 ude frequent 
monitoring at initial start-up and then decline to a more routine monitoring 
frequency to ensure final product quality. Experts in the field of composting 
agree that this is a reasonable approach for the Agency to take. Reference 137. 
The experts explained that normally considerable temperature and product 
monitoring are completed during the initial facility operations by consultants 
in this area to determine if the various facility components are functioning as 
designed. This provides facility personnel with comparative data on 1~hich to 
base future operations and provides product quality information to the facility 
owner, the regulatory body, and potential users of the product. The Agency, 
therefore, believes this program should be established in permits rather-than 
rules as it provides more flexibility, imposes no additional burden on facility 
owners and operators, and maintains an acceptable level of environmental 
protection. 

Item I requires quarterly reports from the owners and operators of compost 
facilities. The reports must be submitted to the Commissioner within 30 days 
after the end of each calendar quarter. The report must contain: results of 
the analyses required in item H; quantity of solid waste delivered to the 
facility; sources and quantities of other materials used in the compost process; 
description of the process to reduce pathogens; temperature readings; retention 
time; quantity of compost produced; quantity and type of by-products removed; 
and description of the end-product distribution and disposal system. Quarterly 
reports are necessary for compost facilities so the Agency may closely follow. 
the performance of these facilities. Composting is a biological process that 
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will not meet performance criteria unless properly controlled. Factors 
influencing the final product are waste types entering the system, temperatures 
achieved, and the operational practices followed. Monitoring the facility on a 
quarterly basis will enable the Agency to obtain information needed to judge 
facility performance, recognize problem areas, and understand how compost is 
being utilized in the State. 

The deco~position process used to produce compost can occur under aerobic 
and anaerobic conditions, under cool or warm temperatures, and under drier or 
wetter than optimum conditions. Optimum conditions promote rapid decomposition 
to a stable product, with few odors and sufficiently high temperature to kill 
pathogens. If optimum moisture, pH, oxygen, temperature and food sources are 
not present, decomposition may occur slowly creating a larger storage need than 
originally anticipated. Extra methods may be needed to ensure pathogen kill 
when optimum conditions do not exist. The information submitted in the 
quarterly report will supply the Agency and facility owner or operator with the 
data necessary to develop operational or design changes at the facility to 
maintain product quality. The information requested under this item must be 
collected by facility personnel for facility operations to ensure a product 
suitable for distribution is generated. The Agency believes it is necessary to 
evaluate conditions at compost facilities on a regular basis and that fac·ility 
owners and operators should supply the Agency with operational data collected 
during the monitoring period. 

Item J requires the facility mmer or operator to notify the Commissioner 
within 48 hours if, for any reason, the facility becomes inoperable. The 
facility owner or operator must implement the contingency action plan developed 
under part 7035.2615. This provision advises facility owners and operators of 
their responsibility to notify the Agency through the Commissioner of all 
situations that occur requiring facility shutdown. The Agency must be aware of 
th~se situations to properly review any alternative management techniques needed 
during the period of facility shutdown. Forty-eight hours is a reasonable time 
fqr facility owners and operators to notify the Commissioner because it allows 
time for implementation of emergency procedures, if needed; allows for weekend 
facility closures during which small operations may have no personnel present; 
and ensures Agency involvement as soon as possible in helping determine correct 
follow~up measures. 

Including a reference to implementing the contingency action plan developed 
under part 7035.2615 provides a direct connection between the development of the 
plan and its implementation. Contingency action plans are used to train 
facility personnel in the proper actions to employ under unplanned circumstances 
that require facility shutdown. Facility personnel must be properly trained in 
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order to minimize any negative impacts to human health or the environment during 
periods of inoperation at the facility. By clearly stating that implementation 
of the contingency action plan is an operation requirement for all compost 
facilities, the Agency emphasizes that these plans should be carefully developed 
and used in the personnel training program. This requirement does not increase 
the owner's or operator's burden regarding facility operation but does clearly 
indicate responsibility. 

Item K is a crucial requirement for the operation of a compost facility. 
This item addresses the reduction 'of pathogens in the waste during the compost 
process. Solid waste contains disease-bearing organisms that must be destroyed 
during the compost process. Compost is used by individual homeowners, 
horticulturists, and agricultural persons in soil amendment applications. In 
many cases, the compost will be directly handled by humans or ingested by 
animals in the area. Therefore, it is necessary to produce a hygenically safe 
product that is also an acceptable soil amendment. 

Three general categories of compost systems are available: open or 
windrow/pile systems, enclosed or mechanical systems, and comb~nation systems. 
When properly controlled, each of these sy~tems is capable of producing a 
suitable compost product free of pathogens and sufficiently stable for use as a 
soil amendment. This item establishes the minimum operational conditions that 
must be attained in each system to achieve pathogen kill. The requirements are 
performance oriented and do not contain specific design criteria. The Agency 
recognizes that a variety of facility designs will meet the performance criteria, 
proposed under this item. The performance criteria for each system will be 
discussed in further detail below. 

Subitem (1) establishes the performance requirements for the windrow method 
of composting. The windrow method is defined as an unconfined composting 
process involving periodic aeration and mixing. Aerobic conditions must be 
maintained during the compost process. A temperature of 55 degrees Celsius must 
be maintained in the windrow for at least three weeks. The windrow must be 1 

turned at least twice every six to ten days .. The key to the success fu 1 
operation of a windrow system is maintaining sufficient oxygen in the interior 
of the pile for aerobic decomposition. Aerobic decomposition is faster than 
anaerobic decomposition and generates a higher temperature. Aerobic conditi6ns· 
are maintained by turning the piles or through forced aeration (References 132 
and 135). The other reason for turning the piles is to assure that the 
microorganisms at work within the pile have a ~onstant source of foodstuffs to 
maximize their activity level. During the decomposition process, microorganisms 
need sufficient nutrient sources to continue to function. As decomposition 
progresses, the microorganisms break down the material into stable organic 
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compounds that can be processed no further. This process generates .heat that 
evaporates the moisture in the immediate area resulting in the pathogen kill. 
As the pile is mixed, the temperature will drop in the pile's interior until 
decomposition of the new material is actively underway again. This is the 
standard windrow compost sys tern process. · Re.ferences 83, 132 and 135. 

The Agency obtained input into the specific performance criteria included 
under this subitem from consultants in the compost field and vendors of compost 
systems. It is the Agency's understanding that a temperature of 55 degrees 
Celsius for at least three weeks is necessary to ensure pathogen kill 
(Reference 132). The Agency believes it is reasonable to use a generally 
accepted industry standard because the technology currently available can meet 
these standards and provide adequate environmental and human health protection. 
The process contained also meets the requirements found in the part of the 
Agency'.s sewage sludge rules, Minnesota Rules part 7040.4700, subpart 2, which 

-. discuss the composting of sewage sludge. Since the decomposition process for 
solid waste and sewage sludge is the same and the Agency fully expects that 
sewage sludge will be composted with solid waste, the requirements should be 
consistent_ 

[) 

! 
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Subitem (2) addresses the performance requirements for static aerated piles. 
For purposes of this requirement, the static aerated pile consists of an 
unconfined composting process involving mechanical aeration of insulated 
compost piles. Aerobic conditions must be maintained during the compost 
process. A temperature of 55 degrees Celsius must be maintained for at least 
seven days. Static aerated piles use forced aeration methods to maintain 
aerobic conditions in the waste. Forced aeration ensures a constant level of 
oxygen is maintained throughout the pile. The pile is turned only to provide 
nutrient value and ensure the pathogen content of the outer material is reduced 
with the high internal temperatures maintained within the insulated pile. 
Because oxygen and temperature are maintained at a consistent level, 
deco~position occurs at a faster. rate than the windrow compost system. The 
biological activity within the static aerated pile operates at.a constantly high 
level because the microorganisms are provided with a constant supply of oxygen 
and nutrients. Thus, temperatures at or above the 55 degrees Celsius are 
maini~ined_ This constant level of high temperature provides for pathogen kill 
in a srorter time period. The·performance criteria have no specific. 
requirements for turning the ~1aste because turning is only necessary to ensure 
complete decomposition and to obtain pathogen kill on the outer edges of the 
pile. The technical community has agreed with these standards_ 

Subitem (3) addresses th~ requirements for composting in enclosed vessels_ 
The enclosed vessel method for reducing pathogens consists of a confined compost 
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process involving mechanical m1x1ng of compost under controlled environmental 
conditions. The retention time in the vessel must be at least 24 hours with the 
temperature maintained at 55 degrees Celsius. A stabilization period of at 
least seven days must follow the decomposition period. Temperature in the 
compost pile must be maintained at.55 degrees Celsius for at least three days 
during the stabilization period. Although the windrow and static aerated pile 
have been consistently used as composting technology capable of providing a 
suitable product, enclosed vessels are a somewhat newer technology with less 
supporting documentation available. The Agency believes that enclosed vessel 
composting is a viable alternative for composting solid waste. Composting in an 
enclosed vessel is similar to digestion of sewage sludge from wastewater 
treatment facilities. The fundamentals of decomposition are the same under 
these conditions although use of enclosed vessels may result in anaerobic 
decomposition as happens with sewage sludge digested in totally enclosed vessels 
that have no outside source of oxygen. Anaerobic decomposition l'l'i ll result in a 
quality compost prod~ct including pathogen kill when properly operated. It is 
reasonable that the Agency provide for enclosed vessel technology because it can 
result in an adequate quality compost product and requires less space than 
windrow compost syste~s. The smaller space requirement can be critical in 
populated areas gen~rating large amounts of compostable material. 

In many cases, enclosed vessel operations are used only for the initial 
stages of decompos i t·i on l'l'ith product stab i1 i ty comp 1 eted under the windrow or 
static pile methods. The enclosed vessel permits the facility owners and 
operators to carefully control temperature, moisture content, and oxygen levels. 
The vessel contents are mechanically stirred to ensure that oxygen levels are 
maintained and microorganisms have a constant source of nutrients. Under these 
conditions, the temperature within the vessel will rise very quickly and achieve 
the 55-degree-Celsius level within two days. This item requires the temperature 
be maintained at this level for at least 24 hours before the material may be 
removed from the vessel for further stabilization. The Agency believes it is 
necessary to ensure that pathogen kill temperatures are achieved prior to the 
material leaving the vessel as the vessel acts mainly for mixing prior to 
combining the material with previously processed waste for stabilization. 

If pathogen kill is not obtained prior to the combining stage, it is 
possible for material in place to be innoculated with pathogens from the 
material being introduced from the vessel phase. It would be unreasonable to 
mandate that each batch from the vessel be placed in a separate area because of 
the number of small piles the facility personnel would be forced to maintain. 
Not only would this be an inefficient means of operation, it lends itself to 
mishandling due to the complexity of maintaining proper records and controlling 



February 23, 1988 

-629-

conditions within each pile. The Agency believes it is reasonable to address 
this concern by requiring that temperatures high enough to kill pathogens be 
acHieved within the vessel for 24 hours. Studies have shown that pathogens are 
killed within 24 hours of the high temperature level being obtained (Reference 
138). The Agency.believes that meeting this requirement followed by seven days 
of further processing, of which three days are at temperatures capable of 
killing pathogens, will produce a product suitable for use by individuals. The 
facility owner or operator must take this into account when designing the vessel 
capacity and the stabilization areas. 

Comments were received regarding this subitem and its applicability to 
anaerobic decomposition technology. The Agency informed commentors who 
expressed this concern that the performance criteria permit th~ use of anaerobic 
digestion technologies for composting solid waste. These performance criteria 
permit the use of any technology that is capable of achieving pathogen kill and 
a stabilized compost product. Additionally, the Agency is unaware of any 
current compost method for solid waste that would be completely anaerobic. 
Therefore, it is appropriate to present the criteria as if they were applying to 
aerobic processes only while not expressly prohibiting the use of anaerobic 
decomposition technology. Discussions with the commentors regarding these 
concerns appears to have settled the matter in a positive manner. 

Subpart 7. Operation and maintenance manual. This subpart requires owners 
and operators of compost facilities to prepare an operation and maintenance 
manual. The reasonable approach to regulating solid waste at compost facilities 
must be technology specific. Because of the variability among facility designs, 
it is important that a process manual be developed for personnel at each 
facility. Additionally, the manual will inform the Agency how the faciJity is 
intended to be operated to achieve the proper compost quality. 

The operation and maintenance manual must contain the design information 
required in subpart 5 and the operation requirements of subpart 6. The Agency 
expects this information to contain detailed discussions of how the items under 
subparts 5 and 6 apply to a specific facility, not a simple repetition of the 
requirements contained in these subparts. The facility owner or operator must 
provide facility personnel 'flith this information to maintain compliance with 
the proposed rules and prevent disruption of facility operations by improper 
operation of equipment. The facility owners or operators benefit from proper 
operation of a compost facility by minimizing disposal costs attributed to 
residual wastes and uriacceptable compost product. 

The operation and maintenance manual must contain a list of allowable end 
uses for the compost and the procedures to be used in sampling and analyzing the 
compost before distribution. The requirements governing compost facilities 
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emphasize performance. The facility owner or operator choosing a compost 
process design, must consider the use of the final product. A performance-based 
rule requires the facility owner or operator to give consideration to the 
product quality needed and the design process that will achieve this quality. 

Monitoring product quality is a critical factor in achieving compliance with 
rules and a marketable product. Because the operation and maintenance manual 
functions as the training guideline.and informs facility personnel of acceptable 
practices, it will contain the steps needed to collect data necessary to make 
informed decisions regarding the facility design and operation. Sampling and 
analysis procedures must be detailed in advance of sample collection so that 
representative samples are taken and useable data is obtained. 

Subpart 8. Compost classification. To this point the discussion of compost 
facilities has centered on the facility itself. Subpart 8 addresses the compost 
product and the quality that must be achieved prior to distribution for use. 
Considerable discussions were held ltith reviewers of the proposed rules during 
the drafting of this subpart. The concerns raised during these discussions will 
be highlighted as appropriate. Product quality is the key to a successful 
compost operation. Classification of the compost will be of great interest to 
vendors of compost processes and the regulated community. The Agency received 
valuable input during the drafting process and believes the proposed 
classification system is appropriate. 

The Agency proposes to classify the final product generated at compost 
·facilities into two classes. The facility owner or operator must classify each 

batch of final product·into one of the classifications based on the information 
contained in items A and B. It is the product that is classified and not the 
facility. The facility owner or oper~tor in designing the facility will plan 
for the generation of a product that meets a particular classification. 
However, the variability of waste material makes it impossible to guarantee the 
final product quality of each batch of compost produced; thus, the product must 
be monitored. 

Item A contains the parameters of a Class I compost. Class I compost is 
regarded by the Agency as the most inert form of compost generated based on 
contaminant levels, stabilization, and inert material content. These three 
parameters are considered most important in determining the proper utilization 
of the material. Class I compost may contain no sewage siudge because its 
presence overrides the analytical results regarding contaminant levels, 
stabilization, and inert material content .. Under federal rules governing sewage 
sludge and the Minnesota Waste Management Act of 1980, the Agency is required to 
approve sites used for land application of sewage sludge. 

Comments were provided on using sewage sludge as a criterion to eliminate a 
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particular product from the Class I compost category. Commentors believed that 
if compost generated with sewage sludge could meet the other criteria it should 
be eligible for classification as Class I. Agency,staff spent considerable 
effort explaining the requirements placed upon the Agency by federal regulations 
and State statutes requiring knowledge of the ·use of sewage sludge. Under the 
proposed rules, Class I compost is permitted for unrestricted distribution by 
the facility owner or operator. If compost generated with sewage sludge were in 
this category, the distribution of the compost 'would need to be controlled. The 
Agency believes it is reasonable to exclude compost made with sewage sludge from 
the Class I category and address it under the Class II category where approval 
is given on a case-by-case basis. 

Subitem (1) establishes the maximum contaminant levels allowed in a Class I 
compost. The contaminant level will be based on an average result from a number 
of samples of the final product as determined on a milligram of contaminant per 

·kilogram of compost (dry weight). The contaminants used to classify compost can 
be toxic to humans and animals and phytotoxic to plants if present· in the 
environment at sufficiently high· levels. Since it is intended that Class I 
compost be available for distribution to individual homeowners, the Agency 
believes the establishment of maximum contaminant levels is reasonable. 

The establishment of acceptable contaminant levels in rules provides the 
facility owner or operator with sufficient information on which to base the 
facility design. Without understanding the criteria in advance, the faci 1 i ty 
owner or operator will have difficulty determining an acceptable facility design 
because the desired quality of performance will not be known. Specific 
performance criteria ensure consistency among facilities. The alternative to 
specific performance standards is detailed design requirements. The Agency 
beli.eves detailed design requirements would unnecessarily restrict facility 
owner's and operator's choice of compost method and vendor. Therefore, 
specifying the exact performance criteria presents a reasonable approach to 
controlling the quality of compost generated at these facilities. 

Reviewers of early drafts of the compost standards recommended that the 
proposed rules clearly indicate that classification and enforcement of the 
classification system be based on the average contaminant level found in the 
product. These commentors suggested that, unless the term average was included 
in the rule language, the rule could be interpreted to mean that any analysis 
taken from a final compost product must meet· the contaminant levels contained in 
the rules. Strict compliance would, in the words of the commentors, place on 
them a risk of lawsuits or enforcement actions based on one sample and analysis. 
Recognizing that exceedance of contaminant levels indicates a potential problem, 
commentors suggested that classification and enforcement are more reasonably 
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based on an average taken from a number of sampling events to avoid conflict 
over the analysis of one handful of material taken from a pile. The Agency 
believes that the commentors presented a reasonable argument on behalf of the 
inclusion of language basing classification on the average of analytical 
results. 

The development of the actual contaminant levels was based on the reported 
levels permitted in sewage sludge and compost, and discussions with persons involved 
in compost operations. The contaminant levels were established so that 
individuals using Class I compost will not adversely impact their local 
environment using normal amounts of the material. Because the sites rece1v1ng 
compost will not always be closely evaluated for pH, cation exchange capacity, 
and existing metal levels, the Agency believes it is necessary to be 
conservative in establishi~g the contaminant levels for Class I compost. Thus, 
the levels are somewhat lower for classification purposes than used nationally 
for sewage sludge. 

Some comments were received that the proposed contaminant levels are too 
restrictive and will deter communities from choosing compost as a solid waste 
management technique. These commentors expressed their concern that the Class I 
contaminant levels were more restrictive than sewage sludge requirements 
especially when, as they understood, se1~age sludge contaminant levels are 
projected to be relaxed. The Agency disagrees with the concept expressed by 
these commentors. Sewage sludge and compost cannot be directly compared 
since sewage sludge is rarely taken home by the individual user to be placed on 
a home garden or landscape areas. Therefore, the question or concern being 
addressed under the different rules are not the same and a direct comparison 
cannot be made. 

It should be noted that the proposed contaminant levels are considered 
acceptable by the majority of experts in the field consul ted by Agency staff. 
In fact, the standards are equal to the levels suggested by one commentor 
(Reference 137). It should also be noted that the University of ~innesota 
compost study shov1ed that compost composed of only solid waste could meet the 
Class I contaminant levels. See Appendix XVI. Thus, the Agency believes that 
it is reasonable to use the proposed contaminant levels in separating compost 
produced from solid waste into one class approved for unrestricted use and 
another for restricted use. 

Subitem (2) establishes the stabilization period for curing Class I compost. 
The primary requirement is that Class I compost be stored for a period of at 
least six months, or until the compost is stabilized and will not reheat upon 
standing. In deference to comments, the Agency proposes that a shorter period 
may be permitted by the Commissioner. The Commissioner's approval will be based 
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on the waste composted, the method used to reduce pathogens, and the intended 
end use of the compost. Class I compost must be cured for a sufficient length 
of time to ensure total decomposition and pathogen kill have been achieved. The 
initial compost process of aeration, turning and temperature control practices 
are not continued during the curing process to ensure rapid decomposition. 
Therefore, an ·extended period of time is needed to achieve decompos'ition. 
Operational practices must be employed to complete these processes as necessary. 
A compost product that is not completely stabilized may reheat after 
application. The compost product will reheat if decomposition is not complete 
as microorganisms continue to break down the organic matter remaining. 
Processes such as mechanical stirring of the waste material depend on long-term 
curing periods to ensure pathogen kill. 

A six-month curing period is commonly used as the appropriate stabilization 
period. However, commentors suggested that this should not be the only method 
considered acceptable to the Agency. Stabilization can be achieved by adding 
lime to the compost or utilizing the initial compost process for a longer 
period of time. Also some wastes will decompose more rapidly than others. The 
facility owner or operator should have the option to present evidence of this to 
the Agency. The goal of this subitem is to achieve stabilization of the compost 
product and ensure pathogen kill, not to store compost for six months. Thus, 
the subitem provides an option other than six months storage, provided 
stabilization is indicated. This is analytically determined based on the amount 
of organic matter remaining. The analytical procedure is commonly used by 
facility owners and operators in monitoring the progress of the decomposition 
process. Facility owners or operators opting to show stabiliiation has occurred 
prior to a six-month curing period will incur little additional costs. The 
Agency believes this provision provides sufficient flexibility for facility 
owners and operators to adapt the criteria established under this subitem to the 
facility design yet ensures protection of human health and the environment. 

The last option provided under this subitem is approval by the Commissioner 
for stabilization periods less than six months. A facility owner or operator 
may request to distribute a compost product that has not yet reached complete 
stabilization. There are end use options that do not require a stabilized 
compost and in fact, may prefer an unstabilized product. One such end use 
includes the use of compost on vineyards (Reference 137). As Minnesota 
vineyards continue to expand, this use for compost increases. Adequate 
protection of human health and the environment are provided for under this 
scenario. 

Subitem (3) establishes the amount of inert material that may be present in 
the finished Class I compost. The quality of a finished compost product is 
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partially dependent on the amount of inert material contained in the product. 
Inert material is defined in the proposed rules to mean the uncompostable 
material remaining in a compost system after decomposition, and does not include 
soil particles such as sand or small stones. Facility m~ners and operators must 
produce a compost containing inerts at a level and type/shape/nature presenting 
no hazard to humans, plants and soil. The inert material may consist of glass, 
metal, plastic, leather, etc. Because Class I compost will be used by 
individuals for use at their residences or farmlands, the compost should not 
contain large pieces of glass or metal capable of injuring the compost user, or 
any other material that might adversely impact the areas where the compost is 
used. 

The particle size of the inert materials will vary dependent upon incoming 
waste and the processing of the waste prior to entering the compost system. If 
incoming waste is shredded to a three-quarter inch size, the inert materials 
found in this system would be much smaller at the start of the decomposition and 
may be further pulverized during turning. Waste that receives no processing 
prior to the decomposition stage will have a higher percentage of inert 
materials when decomposition is complete. The compost generated from ·the latter 
material will require more processing prior to distribution. The amount of 
inert material permitted in a final compost product is based on the dry weight 
of the inerts compared to the dry weight of the entire sample. The results are 
reported as a percentage. 

The Agency received two types of comments regarding the proposed criteria 
for inert material -those concerned with.restriction of facility owners and 
operators' negotiations with the product user and those concerned with the 
standards themselves. The second concern is more important. The questions 
raised on the proposed standards addressed the seeming unfairness to facility 
owners and operators who generate a fine compost being more restricted on .inert 
materia 1 than those producing a coarser product. Under the proposed· criteria, 
inert materials less than 10 millimeters in size may consist of only 1 percent 
of an entire sample by weight while inerts up to 25 millimeters may contribute 
up to 4 percent of the total sample by weight. On_the surface, these standards 
appear to unfairly control the amount of small-size inert material. The 
stand~rds are best understood if the size and percentage .of weight are 
considered together. One per.cent by weight of small inert particles may, by 
volume, be as much as or more than 4 percent by weight of the larger particles. 
The smaller particles will weigh less on a piece basis than the larger 
particles; therefore, to obtain one percent of the total weight will in fact 
permit more than four percent of the larger particle-size material. 

·A 10 millimeter particle is approximately one-half inch in size; smaller 
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than many shredders and preprocessing screens currently being used. The Agency 
believes that materials shredded to this size under.normal circumstances will be 
decomposed, except for glass, plastic, slag stones or other slowly 
nondecomposing materials. The materials shredded to this size are of little 
concern except in marketing a compost of certain quality standards based on 
appearance. The Agency believes that consideration of the level of Jnert 
material should be based on percentage by weight rather than volume because of 
the potential for one large piece of inert material, a tin can in a quart 
sample, to overtake a total analysis based on volume. This would cause the 
compost to be disqualified as a Class I compost. The purpose of these standards 
is to protect the user from injury and the environment. By evaluating the inert 
materials on weight and allowin~ a larger percent by weight for larger 
particles, the Agency acknowledges that not all inert particles·can be 
cost-effectively removed from the compost product yet maintains some control on 
particle size. Users of a compost with larger inert materials are more apt to 
apply the material on areas not commonly used by individuals who may be injured 
or 1~ho will care about the physical appearance. 

The second concern raised by commentors was the unnecessary constraint 
placed on facility owners and operators by establishing criteria for the amount 
of inert material. These commentors felt the criterion that no sharp particles 
be contained in compost generated from yard waste would be suitable for solid 
waste cor.1post products as well. This would allm~ the facility owner or operator 
to negotiate with potential users on the quality of compost generated. The 
Agency believes the simple requirement of no sharp particles can be even more 
restrictive than establishing the criteria of this subitem. Upon finding a 
sharp particle, the facility owner or operator could be found in violation of 
the rules. The proposed criteria require a more systematic approach to 
determining compliance. The criteria in the .proposed rules provide facility 
owners and operators with sufficient detail to determine how the operations at 
the site can ensure compliance rather than having compliance be determined by 
subjective inspections. Specific criteria promote consistency of regulation 
among facilities and provides a method to obtain uniform compliance with 
standards established to protect human health and the environment. 

Item B establishes the criteria defining a compost product as a Class II 
compost. The criteria are simply stated. Compost generated including sewage 
sludge or failing to meet Class I standards is defined as Class II. Initial 
drafts of the compost standards included from one to three classes of compost. 
The Agency established classes of compost to define the proper end uses· of the 
material. From the original distribution of the rule drafts, the classification 
system has been altered many times based on how many classes sho'uld be developed 
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and how the division should be made. However a dividing point is defined, 
commentors objected based on their relation to that point. Reviewers bf the 
draft regulations did not want restrictions on the compost uses. The same 
reviewers were also interested in protecting the environment and health from any 
compost use. It thus became the responsibility of the Agency to balance the 
needs of the compost producers in light of the environmental goals of the State. 
The Agency believes it has reasonably reconciled these concerns with the 
development of a two-class system for compost generated from solid waste. Class 
I compost characteristics are very closely defined under item A while Class II 
compost is any product not meeting Class .I characteristics or having sewage 
sludge in it. Class I compost is a~lowed to be distributed with no specifjc 
restrictions upon its use. Class II compost use is controlled based on its 
characteristics as-discussed under subpart 9. This control does not mean every 
use will be scrutinized in detail. The Agency believes the two-class system 
presents a reasonable method to distinguish between low risk compost products 
and those witl1 a somewhat higher risk. It also all01~s flexibility for facility 
owners and operators in marketing of their product as no use is specifically 
defined as unacceptable. 

Subpart 9. Compost distribution and end use. This subpart addresses how 
the finished compost product may be used. It establishes what information is 
necessary when the final compost product is ready for distribution. The Agency 
believes it is necessary to provide facility 01vners and operators with 1~hat must 
be considered in evaluating the quality of compost and determining its proper 
end use and distribution. The Agency believes that flexibility is important in 
governing the end use so that all potential and existing markets are explored. 
This subpart establishes criteria by 1~hich the facility owner or· operator and 
the Agency will evaluate the compost and determine its suitability for a 
particular use and the appropriate application rate. 

Item A informs facility owners and operators of their obligation to register 
with the Minnesota Department of Agriculture any compost distributed or marketed 
as a commercial fertilizer, specialty fertilizer, soil amendment, or plant 
amendment. These terms are defined in Minn. Stat.§ 17.713. Owners and 
operators of compost facilities may be unaware of the requirement to register 
the final product. Additionally, vendors of compost systems coming into the 
State may be unaware of these requirements. No additional registration or proof 
of registration must be submitted to the Agency. This provision alerts facility 
owners and operators of their obligations without increasing their 
responsibilities to the Agency. 

Item B reaffirms that Class I compost may be distributed for unrestricted 
use. Although implied elsewhere under the proposed standards for the design and 
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operation of compost_facilities, this item clearly informs generators of Class I 
compost that it may be freely distributed. Any local controls or registrations 
required for the distribution of the compost must be complied with. The Agency 
believes it is reasonable to allow distribution of this material without 
specific approval on the intended end use because the criteria were developed so 
that anyone could use the material with a minimal amount of technical expertise. 
The high quality of compost generated for designation as Class I provides a 
reasonable justification for no restrictions on the distribution of this 
material. 

Item C lists the factors to be used in evaluating the proposed end use of a 
Class II compost. The distribution of Class II compost is somewhat restricted 
under the proposed rules. A compost is designated Class II based on its 
inability to fully comply with the Class I criteria or because it was generated 
in conjunction with sewage sludge. Depending on why the compost was designated 
Class II, the review process may be simple and straightforward or detailed. For 
instance, a compost designated Class II because it could not meet the limits for 
inert materials would be treated considerably different from a compost generated 
from solid waste and sewer sludge that contains high metal concentrations. To 
address the extremes as well as the mid-range options, the Agency ~resents the 
basis for the approval of a proposed distribution system rather than trying to 
define distribution schemes to match the infinite possibilities for why a 
compost product was designated Class II. 

Reviewers of the rule agree with this approach. Concern has been raised 
over the automatic inclusion of any compost generated from combined solid waste 
and sewage sludge. It has been said that the automatic inclusion unfairly 
penalizes communities that have sludges with low metal levels and that separate 
the solid waste at the source and are able to meet Class I criteria. The Agency 
has explained that the automatic inclusion is based on the federal and State 
requirements for knowing how and where sewage sludge is used. This designation 
of the waste as Class II does not automatically limit its use. Rather, it adds 
a requirement for Age~cy approval of the proposed distribution plan. 

The Commissioner's approval will be based on the following characteristics: 

( 1) the waste composted; 
( 2) the heavy metal contaminant levels found in the finished compost; 
( 3) the degree of maturity; 
( 4) the extent of decomposition; 
( 5) the particle size; 
( 6) the moisture content; 
( 7) the amount of inert material; 
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(8) the proposed end use; and 
(9) the characteristics of soil at the point of final end use. 

The information described above is needed by the facility mmer or operator 
to market the compost. This item merely requires the submittal of this 
information to the Commissioner to approve the intended distribution system. 
This information is used to determine proper storage requirements as well as 
application rates for the compost. 

4. Part 7035.2845 RECYCLING FACILITIES. 

This part establishes the technical design, construction, and operation 
requirements applicable to recycling facilities. These requirements are 
established in rule to provide facility o~mers and operators with an. 
understanding of their responsibilities. The specific standards included in 
this part are further discussed below. 

Subpart 1. Scope. This subpart·requires the owner or operator of a mixed 
municipal solid waste recycling facility to comply with the requirements of this 
part. Facility owners and operators must kn011 their responsibilities in order 
to comply with the Agency's standards to protect human health and the 
environment. Part 7035.2525, subpart 2, item B exempts recycling facilities 
handling only one type of waste from most requirements of the proposed rule. 

This subpart also informs owners and operators of recycling facilities 
accepting or processing source-separated wastes in quantities less than 10 cubic 
yards per day that they are required to comply only with subparts 2 and 3 of 
this part. This notification differentiates between small, loH-pollution 
potential facilities and the more complex operations. Only minimal information 
is required from facilities that have almost no potential to impact human he~lth 

and the environment. It is unreasonable to require lengthy, detailed plans and 
specifications for these facilities given their size and the cost for such 
plans. 

Subpart 2. Notification. This subpart sets out the information a facility 
owner or operator must submit to the Commissioner about the facility operations. 
Owners and operators of existing facilities are required to notify the 
Commissioner within 30 days after the effective date of the rules and mmers of 
new facilities must notify the Commissioner before operations begin. The 
notification must describe the materials handled at the facility and·the 
location of the facility. This information is needed to'satisfy the Agency 
responsibility for solid waste management in the State and its need to be aware 
of the techniques used to handle solid waste. This notification provides the 
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Agency with useful· information to share with the public on locations of 
facilities that may be used to deposit source-separated waste. Providing this 
information is not unduly-burdensome for the facility owner or operator yet 
provides significant information on the types of solid waste being recycled and 
the location of the recycling facilities. 

Subpart 3. Design requirements. This subpart establishes the m1n1mum 
design requirements for a mixed municipal solid 1~aste recycling facility. The 
design requirements for these facilities are performance-based. The facility 
owner must design and construct a facility to prevent surface water drainage 
through recyclable or unusable material, contain spills or releases, and 
provide proper storage for the recyclable _materials and residuals. Storage of 
waste on-site must comply with part 7035.2855. The performance standards are 
necessary to present general guidance to facility owners and operators on the 
Agency's concerns with recycling facilities. Because there are many methods to 
operate a recycling facility for mixed municipal solid waste, it is not feasible 
to establish specific requirements in the rule. 

Subpart 4. Operation. This subpart requires the owner or operator of a 
recycling facility to operate the facility in a manner that controls dust, 
wind-blown material, vermin, and other nuisance conditions (item A), remove 
residuals at least once a week (item B), and submit an annual report (item C). 
It is necessary to control nuisance conditions because these conditions can lead 
to health risks due to diseases carried by vermin(.'health implications of dust 
collecting in lungs; and viruses being distributed by wind-blown materials. 
Residual waste must be removed from the facility because residuals normally 
contain large amounts of putrescible wastes that could create odors as they 
break down. Improper management of residual wastes can resul·t in nuisance 
conditions, at the very least, and leachate management problems in a worst case. 
Operating standards are prudent business practices that do not impose additional 
burdens on the owner or operator while providing a basic level of protection 
against human health and e~vironmental impacts. 

The requirement for an annual report ensures that the Agency receives at 
least annual updates on the facility operation. Item C requires that the annual 
report be submitted by February 1 of eacb year. The report must'contain 
information on the type and volume of materials handled at the facility, the 
final markets for the materials, and the price received for them. The Agency is 
responsible for solid waste management in the State of Minnesota. This 
information provides the Agency with sufficient information to understand the 
management systems established iri the State and the price received f6r the 
end products. This information allows the Agency to project future solid waste 
management activities and provide assistance to parties wishing to discuss 
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potential recycling options. The information required in the report is readily 
available to the facility owner or operator without extra data collection. 

Subpart 5. Contingency action plan. This subpart 'establishes the contents 
in contingency action plans developed for mixed municipal solid waste recycling 
facilities. Items included in the contingency action plan are actions taken if 
fire, spills, or releases occur and a back-up waste management plan if the 
facility must be closed for a time. These items must be addressed in addition 
to the requirements of part 7035.2615 because they require the facility owner or 
operator to tailor the facility contingency action plan to the design and 
operation of the specific recycling facility: To minimize any impacts 
associated 1~ith any unexpected failure, it is necessary to plan ahead and make 
appropriate design or operational changes to minimize the probability of 
occurrence or the extent of impact after the event. For instance, if the 
facility utilizes mechanical separators, the facility owner or operator may wish 
to have a back-up method for separation, if the first machine breaks down or to 
locate a facility that will manage incoming waste until the machine is repaired. 
Requiring the facility owner or operator to review these options in the 
contingency action ~lan prevents a break in waste handling during down times and 
minimizes impacts to human health and the environment during emergency 
situations. 

Subpart 6. Closure. This .subpart requires the facility owner or operator 
to remove and treat or dispose of all waste and contaminated soils or structures 
at· the time of closure. This subpart further explains the standard the Agency 
will apply in reviewing the closure plan developed under part 7035.2625 and in 
approving the closure certification. A mixed municipal solid waste recycling 
facility will accept a variety of wastes for processing. The storage and 
processing of these wastes may contaminate soil liners, may create a need for 
leachate or surface water treatment, and may result in the acceptance of some 
wastes that cannot be forwarded for further processing as readily as others. 
The facility o~mer or operator will have to remove the contaminated soils or 

·leachate and any waste remaining on site at the time of closure to ensure that 
no waste will rem~in after closure to pollute the environment and harm human 
health. By removing all contaminated soils, leachate or waste the facility 
owner or operator ensures no succeeding facility owner or operator will cause 
problems that are the responsibility of the former owner or operator. The 
removal of contaminated soils, leachate and waste will eliminate risks remaining 
at the site after closure. This provision serves as a reminder of what is 
already expected of the facility owner or operator. 
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5. Part 7035.2855 SOLID WASTE STORAGE STANDARDS. 

This part establishes the specific design, construction, inspection, 
closure, and operation requirements of storage areas at solid waste management 
facilities. The processing of solid waste often requires the storage of waste 
before processing or the storage of components of the waste stream. Storage of 
solid waste can result in environmental impacts due to the- release of pollutants 
through leachate movement or spills. Minimum standards are necessary to ensure 
that basic protection.methods are utilized by all facility owners and operators 
when designing, constructing, or operating storage areas. These standards 
ensure consistency among facilities in the storage of solid waste. The specific 
standards included in this part are further discussed below. 

Subpart 1. Scope. This subpart explains when the storage standards apply. 
Establishing the scope of this part alerts facility owners and operators to 
their responsibilities for the proper storage of solid waste. 

Storage of waste tires is exempted from the requirements of this part 
because other rules apply to these facilities. Covering the storage of waste 
tires would only serve to duplicate efforts to govern them. 

This subpart establishes further conditions under which facility owners and 
operators are exempt from establishing storage areas consistent with this part. 
The ~oal of establishing storage standards for solid waste management facilities 
is to provide protection for human health and the en-vironment. If the facility 
owner or operator meets these goals with a method other than specified in this 
part, the facility m~ner's or operator's method may be used in lieu of this 
part. In the past, owners and operators of solid waste management facilities 
have allowed surface 11ater to come in contact with the 1~aste being stored and 
run off into surface water or seep into the ground water. This part requires 
controls on the movement of polluted 1~aters off the facility before treatment. 
Construction certifications and closure requirements remain in effect for these 
facilities. 

The general exemption prov1s1on of this subpart requires the solid waste to 
be stored in a building to prevent run-off or leachate generation as no liquid 
wastes or wastes with free liquids are added to the storage area. Items A to C 
must all be met in order for the facility to qualify for the design and 
operational exemption. 

Item A requires that the waste in the storage area must be protected from 
surface water run-on by the storage building or in some other manner. 
Protecting .the 1~aste from surface water run-on minimizes the potential for the 
waste to be washed away during periods of heavy rainfall and minimizes the 
production of leachate from surface water flowing through the waste. The 
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storage standards are intended to m1n1m1ze 
wastes stored before or after processing. 
standards should be exempted only if there 
impacts. 

February 23, 1988 

impacts on the environment from 
Areas exempt from the storage 
exists no potential for environmental 

Item B requires that the storage area be designed and operated to control 
dispersion of waste by wind by means other than wetting. Protecting waste from 
the wind minimizes nuisance problems and additional work caused by blowing 
paper, plastics and other garbage. If the storage areas meet the standards of 
items A and C and this item, no leachate control system will be required. 
Therefore, wetting of the material should be prohibited as a control mechanism 
because excess wetting could increase the potential for leachate generation 
during storage. 

Item C requires that the solid waste stored.in areas exempted from design, 
operation and liner inspection requirements be

1 
incapable of producing leachate 

and gas through decomposition or other reactions. In other words, the waste 
must be relatively inert, slow to decompose, and not reactive with additional 
wastes placed in the area. Again, because these storage areas will be exempt 
from leachate and gas controls, the waste stored in the areas should not be 
capable of producing leachate or gases that could impact the environment because 
no controls are present. 

Subpart 2. Loca~ion requirements. This part sets out specific standardis 
for locating solid waste storage areas. Complying with these standards will 
m1n1m1ze the risks to environmentally sensitive areas and minimize the impacts 
the site conditions might have on the storage area operations. 

Item A specifies that storage areas may not be located in areas 
characterized by karst features such as sinkholes, caves and disappearing 
streams. It is necessary to prohibit the location of storage ?reas in active 
karst areas because these areas are prone to collapses that allow for the 
movement of waste or waste by-products directly into ground water causing 
pollution. By specifically prohibiting the locatio'n of storage areas in active 
karst areas, the Agency provides protection against this direct discharge. This· 
standard provides a minimum level of protection in areas where solid waste 
cannot be recovered if a collapse occurs. 

Item B specifies that storage areas and their underlying liner must be 
located entirely above the high water table. The storage area and all design 
features associated with it must be located above the high water table to 
protect the integrity of the design and prevent the leaching of pollutants out 
of the waste directly into ground water. The likelihood of environmental damage 
and operational problems prohibit the placement of design features in the water 
table. 
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Subpart 3. Design and operation requirements. This subpart establishes the 
minimum design and operation standards for solid waste storage areas. These 
standards will provide protection for human health and the environment while 
storing solid waste prior to or during processing. These standards in a rule 
alert facility o1mers and operators to the Agency's interpretation of the 
requirements needed to minimize adverse impacts from the storage of solid waste 
and assures the public that consistent requirements will be applied to all solid 
waste management facilities. 

Item A requires solid waste storage areas to· have a liner designed, 
constructed and operated to prevent the migration of waste or leachate into 
adjacent subsurface soil, ground water, or surface water during the active life 
of the facility or after closure. The specific standards· that must be met in 
designing a liner are discussed below. These standards ensure that all storage 
areas will provide a minimum level of protection. By including the standard;; in 
rule, facility owners and operators are advised of the requirements the Agency 
will enforce. The requirement also promotes consistency in the Agency's 
enforcement of these standards. 

Subitem (1) requires the liner to be constructed of materials that have 
appropriate chemical properties and the strength and thickness needed to prevent 
failures due to pressure gradients, climatic conditions, chemical dissolution or 
weakening, or operational stresses. The major factors in determining a soil's 
suitability for use as a liner material are its ability to support itself and 
overlying facility components, low permeability, and compatibility with the 
waste and waste by-products. Choosing a soil type requires balancing these 
factors to achieve an optimum design. An optimum design is one that produces a 
liner that when constructed is capable of impeding the flow of pollutants into 
the subsoil and eventually into the ground water, and of absorbing or, 
attenuating the suspended or dissolved pollutants to. meet ground water 
standards. If the liner is not compatible with the waste or waste by-products, 
e.g., concrete liner with acidic wastes, the liner will not maintain its 
integrity and will eventually allow the release of pollutants into the 
surrounding soils. As discussed in part 7035.2815, subpart 7, the integrity of 
the liner system is critical to managing the human .health and environmental 
risks associated with the storage of solid waste. Liner materials may include 
synthetic membranes, admix liners, or soils. The rule includes general 
performance standards rather than specific design or performance standards 
concerning 1 i ner materials. General performance standards all ow the fact 1 i ty 
owner or operator to assess the characteristics of material or materials and 
maximize their attributes to minimize the potential for a release of waste or 
waste by-products into the environment. 

'l~ 
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Subitem (2) establishes a maximum permeability standard for all liner 
materials and a thickness requirement for liners constructed of natural soils. 
The liner permeability and thickness control the direction of fluid movement 
from the solid waste storage area. A maximum permeability of 1 x 10-7 
centimeters per second is needed to retard the downward movement of liquids from 
the storage area. This permeability sufficiently decreases the downward 
movement that any liquids impinging upon the barrier will move horizontally in 
the direction

1 
of the slope and can be collected for treatment prior to disposal. 

The storage of solid waste provides an avenue by which pollutants may move out 
of the was'te into the subsurface soils un 1 ess they are deterred. The 
permeability standard provides a mechanism to prevent the downward migration of 
po11utants from a storage area. 

This subitem also requires that the l,iner under the storage area be at least 
two feet thick if a natural soil is used. The thickness of a liner material and 
the low level of permeability provide an effective barrier to ,downward migration 
of pollutants. Two feet is the minimum thickness accepted by EPA for the 
construction of liners. This thickness is needed to ensure that a constant 
permeability is achieved throughout the lined area and provide structural 
support for the collection system. Construction techniques mandate small loose 
lifts to achieve optimum compaction. The number of passes is determined on a 
trial area before actual construction begins. To achieve the intended 
permeability, soil conditions such as moisture content must be controlled. It 
is impractical to assume that soil conditions are exactly alike throughout the 
selected material. Thus, a safeguard must be used to ensure structural support 
and permeability are qc~ieved. By establishing a thickness requirement, the 
Agency provides the facility mmer and operator a minimum standard that is 
acceptable for the construction of liners used to collect liquids for treatment 
and disposal. The two-foot thickness specified in this subitem is necessary to 
provide sufficient interlocking of the compacted lifts to guarantee achieving 
the required permeability. 

Subitem (3) requires that the liner be constructed on a foundation capab1e 
of providing structural support to the liner, resistant to pressure gradients, 
and prevention of failure due to uplift or compression. The integrity of a 
liner must be maintained for the liner to meet performance standards. Good 
construction of the liner qccomplishes little in protecting human health and the 
environment if subsurface soils are inadequate to support the construction and 
operation of the liner. To achieve proper subsurface conditions, the facility 
owner or operator may need to compact these soils, remove boulders and 
vegetation, or replace the top depths with a more stable soil. This standard 
alerts the facility owner or operator to the Agency's standards regarding the 
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subsurface engineering before the construction of liners. The integrity of the 
liner is critical to its ability to meet performance standards. 

Subitem (4) establishes the area that must be covered by a liner. The 
entire area that will be in contact with solid waste or leachate must be li.ned. 
The·objective of installing liners under solid waste storage areas is prevention 
of solid waste, waste by-products, and leachate from moving into the subsurface 
soil and eventually into ground water or moving overland into surface water. To 
line only a portion of the area used to store solid waste would defeat the 
purpose of a liner. Including this requirement in the proposed rule establishes 
a performance standard easily achievable by facility owners and operators and 
allows them to meet other standards such as the control of run-off from the 
faci~ity and surface water standards.' Because the storage area needed at each 
facility varies depending on the facility design, it is impractical and 
unreasonable to establish a specific design standard. The facility owner or 
operator should be allowed to design, construct, and operate a storage area 
based on the specific needs of the facility. 

Item B sets out the design, construction, and operation standards for the 
leachate collection and removal system to be used in conjunction with the liner 
discussed under item A. Standards for the installation of a leachate collection 
and removal system are needed to provide protection against the disruption of 
the liner due to improper management of liquids on the liner and to minimize 
impacts on human health and the environment. The basic standard under which the 
leachate collection and removal system must operate relates to the leachate 
depth on the liner. The leachate depth must be no greater than one foot. 
Depths greater than one foot will produce pressure on the liner such that 
vertical movement of leachate down through the liner will exceed the horizontal 
movements across the liner. Additionally, the storage of large volumes of 
liquid on the liner can result in scouring of side berms by wind action, 

. . 
increased decomposition of stored waste, and other detrimental effects on the 
liner system. Establishing standards for the collection and removal of leachate 
provides a base level of protection for human health, the environment, and 
facility operation. The continual removal of liquids from the storage area 
allows the facility owner or operator to design, construct, and operate a 
smaller leachate storage system because the quantity of leachate handled will be 
less. The liner may also be designed with lower berms to conta1n the liquids 
saving the construction costs and providing a total system m~ch easie~ to 
operate. 

Subitem (1) requires the leachate collection and removal system to be 
constructed of materials that are chemically resistant to the waste and leachate 
stored on the liner. Materials must also be strong and thick eno~gh to prevent 
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collapse under the pressures exerted by the waste, cover materials and equipment 
used on the area. In some instances, it may be .necessary to operate equipment 
on the liner to place and retrieve solid waste. This operation may resu~t in 
the equipment moving over the collection and removal system. If the collection 
and removal system is not properly designed and operated, equipment operations 
may result in breakage of the liner and a failure to operate efficiently. If 
the collection and removal system fails, the facility owner or operator will be 
unable to meet performance standards. The design,.construction and operation of 
a collection and removal system in a manner that ensures its integrity is 
responsible risk management. Because the leachate collection and removal system 
is critical to the overall operation of the storage area's containment system, 
the collection and removal system must provide adequate protection against 
failure. 

Subitem (2) requires that the collection and removal system be designed .and 
operated to function without clogging for the life of the facility. As 
discussed under subitem (1), the integrity of the collection and removal system 
is critical to the overall performance of the storage area's barrier system to 
control the movement of pollutants into the subsurface soils or overland into 
surface waters. If a collection and removal system is designed and operated to 
prevent movement of the leachate out of the storage area, a failure of the 
system is imminent and the general performance standards of this part will be 
violated. By establishing a design, construction and operation standard, the 
Agency requires the facility owner or operator to use a system compatible \~ith 

the entire facility design. The owner or operator of a small storage area may 
wish to utilize a collection system that is pumped out when liquids flow into 
the area. A large storage area may require conveyance pipes to a storage tank 
with routine cleaning the pipes. 

Item C establishes the performance standards for a run-on control system 
around a solid waste management storage area. The purpose of the run-on 
s·tandard is to minimize the amount of surface water entering the facility. 
Run-on controls prevent erosion, the surface discharge of waste, and the 
downward percolation of run-on water through the waste generating leachate. 
Diversion of run-on may be accomplished by locating the storage area on a 
portion of the facility that provides natural protection due to topography, by 
contouring the surrounding land, or by constructing ditches, culverts, or dikes. 
The capacity of these structures must be determined based on the site 
topography, size of drainage area, and the size of the storage area. This item 
requires that the facility owner or operator use as a minimum design parameter 
the 24-hour, ten-year storm. 

The storage area at a solid waste management facility, if designed and 
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constructed using natural soil materials, will need to be reconstructed on a 
periodic basis due to the movement of equipment over the area to place and 
remove waste, the freeze-thaw cycles experienced in Minnesota, and the 
technological advances being made in ·solid waste management in recent years. 
The Agency believes the useful life of an average storage area is five years: 
The Agency feels this is a reasonable estimate because of the physical demands 
on the liner system. Assuming a useful life of five years, the Agency compared 
the probability of various rainfall events occurring during this time and the 
cost associated with constructing run-on design features that would impact the 
storage area. A ten-year storm event would have a 40 percent chance of 
occurrence while a 25-year storm would have less than 20 percent chance of 
occurrence. Appendix XIII explains the development of the probability estimates 
for these storm events. 

The Agency believes that achieving a 20 percent reduction in probability.of 
occurrence would increase the cost to the facility owner or operator by 25 
percent. The Agency believes it is unreasonable to require facility owners and 
operators to use the 24-hour, 25-year storm event as the minimum design 
requirement for controlling run-on to the storage area. The facility owners and 
operators may utilize the 25-year storm to design run-on control structures in 
order to minimize the risk associated with clean-up actions when design 
parameters are exceeded. The Agency believes the facility owner or operator 
must have some flexibility in determining acceptability of risk in operating a 
specific facility or portions thereof. The standard proposed in this item 
establishes a minimum standard to protect the environment. The clean-up of. 
impacted areas, should the design features be exceeded, must be addressed in the 
contingency action plan developed for the facility. ·Thus, if the design 
features are exce~ded, the facili~ owner or operator has procedures in place to 
minimize the impact of such an event. 

Item D requires that a run-off management system be designed, constructed, 
operated and maintained, to· collect and control at least the water volume 
resulting from a 24-hour, ten-year ·storm. The rationale. for this requirement i~ 

the same as for item C. 
Item E requires that collection and holding facilities that are part of the 

run-on and run-off management systems be emptied or managed to maintain the 
design capacity of the system. This standard maintains.the integrity of the 
design capabilities of·the system which are intended to minimize impacts on the 
environment due to storm events. If the standard in this item is not complied 
with, the facility owner or operator will be unable to meet the performance 
standards proposed elsewhere in this part. A failure to meet performance 
standards will jeopardize the environment. 

,,, 
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Item F.requires that a storage area designed to contain wastes subject to 
wind dispersal be operated to control the wind dispersal of particulate matter. 
One of the Agency's air quality rules, part 7005.0550, establishes a general 
performance standard prohibiting avoidable amounts of particulate matter from 
becoming airborne. It is unreasonable for the Agency to permit the design, 
construction, and operation of facilities or a portion of facilities managing 
solid waste to violate this standard. Facility owners and operators must 
utilize design and operation methods to prevent the storage area from violating 
air quality standards. 

Subpart 4. Inspection of liners. This subpart establishes the inspection 
requirements for liners under solid waste storage areas. Included in this 
subpart are the Agency's minimum requirements for repairing conditions that are 
causing or could cause failures in the system as well what must be done during 
an inspection. It is necessary to establish a specific set of standards for the 
inspections of liners under storage areas because of the increased potential for 
failure of these systems due to their exposure to severe climatic conditions and 
physical disturbance. Including these requirements in the rule provides 
consistency between inspection programs and alerts facility owners and operators 
to the Agency's minimum standards regarding the maintenance of these liners. 

Item A requires the storage area to be inspected at least weekly and after 
each storm event. To prevent the development of nuisance conditions and the 
deterioration of the solid waste processing capabilities due to enhanced 
decomposition during storage, normal operating practices minimize storage and 
encourage direct proce~sing of the waste as it arrives. Little solid waste is 
stored more than 48 hours. The 1~eekly inspection 1vill allow for early detection 
of potential problem areas. The detection and correction of problems when they 
are small minimizes the time and costs associated with the corrections. Because 
the storage area is designed to handle a 24-hour, ten-year storm with a 
potential of being exceeded 40 percent of the time, it is reasonable to inspect 
the storage area after a storm event to ensure the leachate collection system is 
operating and that no damage has occurred to the liner. 

Subitem (1) requires that the facility 01mer or operator review the liner 
for evidence of deterioration, malfunctions, or improper operations of run-on 
and run-off control systems. Early detection of problems at these structures 
can prevent a catastrophic failure and eventual washout of the solid waste 
management facility. The inspection of these systems is critical to maintaining 
the inte~rity of the facility design and operation facilities. Inspection of 
these areas is sound business practice and not a new requirement of the facility 
owner or operator. 

Subitem (2) requires the inspection to determine the presence of leachate in 
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and proper functioning of leachate collection and removal systems. The 
collection and removal system of a storage area is used to remove excess liquids 
from the storage area liner for proper treatment and disposal. If leachate is 
present on the liner, the design or operation of the leachate collection and 
removal system may have failed or it may be evidence of a more serious 
m~lfunction of the system. By inspecting the storage area after a storm, the 
facility o~mer or operator 1vill be able to assess what is causing the leachate 
to remain in the storage area. On the other hand, the absence of leachate does 
not necessarily indicate that the liner and collection system are operating 
properly. The reason for inspecting the liner as well as checking for the 
presence of leachate is to ensure that the total system is operating to 
minimize the potential for solid waste or leachate entering surface waters or 
ground water. Because of the importance of the leachate collection and removal 
system to the performance of the liner and minimizing impacts from the storage 
of solid waste, the facility owner or operator must inspect the storage area on 
a routine basis to ensure that the system is still functional.· 

Subitem (3) requires the facility 01mer or operator to inspect the storage 
area for improper functioning of any wind dispersal control systems being used. 
A wind dispersal system may consist of a cover system or fencing to control the 
solid waste from becoming airborne and moving off the storage area. If rainfall 
washes off the cover system or another type of system ceases to operate 
properly, it is necessary to take actions to correct the problems and keep the 
waste from becoming airborne. The facility owner or operator should inspect the 
wind dispersal control system on a periodic basis to ensure it is functioning in 
compliance with performance standards. 

Item B requires that·waste in the storage area be removed at least annually 
to permit a thorough inspection of the entire liner surface. In addition, 
whenever waste is removed from the storage area, the liner must be inspected. 
The frequency of the inspection must be addressed in the ihspection plan 
required in part 7035.2535, subpart 3, and must be based on the liner 1naterial, 
loading rates, rainfall, and other factors that may impact the integrity of the 
liner. A standard·for the removal of waste must be established. Even though· 
most facilities are designed to process incoming waste within 24 hours, waste 
may always be present on the liner if incoming wastes are even slightly more 
than the facility can process. If the entire liner is not exposed at least once 
each year, major cracks, punctures, or other damage could occur without being 
noticed, allowing for the release of leachate into subsurface soils and 
eventually the ground water. Requiring inspection of the entire liner at the 
same time at least once each year allows repair work to be integrated into the 
entire system and all01vs the facility owner or operator to maintain a system 
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capable of meeting the performance standards included in parts 7035.2525 to 
7035.2875. Establishing these standards in rule alerts facility owners and 
operators to the Agency's standards regarding the performance of liners under 
storage areas. Knowing this up front, facility owner's and operators will be 
able to adequately address storage in the facility inspection plan and 
establish adequate funds for financing the inspection and any needed repairs. 

Item C establishes the steps a facility owner or operator must take if 
conditions are found that are causing or are capable of causing leaks. The 
facility 01mer or operator must notify the Commissioner of the condition in 
writing within seven days after the condition is detected. After notification, 

. the facility owner or operator must take actions to repair the condition, 
subitem (1), or comply with the approved contingency action plan incorporated 
into the permit and comply with the requirements of part 7035.2615, subitem (2). 
The Commissioner must be informed about conditions at the facility that are 
potential problems in order for the Commissioner to provide guidance on proper 
procedures to dispose of any contaminated or unusable materials correctly. 

Subpart 5. Construction inspection. Although subpart 4 discusses 
inspections at the facility, it is important to highlight specific inspection 
concerns associated with the installation of a liner system under a storage 
area. Requiring a construction inspection on the liners installed under the 
solid waste storage area allows the performance standards to be met. 

Item A requires that liner and cover systems be inspected during 
construction for uniformity, damage, and imperfections. The facility owner or 
operator is responsible for showing the Agency that the storage area is 
constructed in accordance with Agency rules and the facility permit. The 
facility owner or operator may use construction inspections as a means to check 
the quality of work done by the contractor. Specific details on the type of 
i~spections, frequency of inspections, and documentation of inspections must be 
addressed in the quality assurance program established for the facility. The 
program will be site-specific. Design and construction materials will depend on 
the facility owner's or operator's desire to make the storage area compatible 
1~ith other sections of the facility. Because designs are site-specific, the 
construction inspection program is also site-specific. It is reasonable to 
establish general ,performance goals to be-met while leaving the details of the 
construction inspection program to be developed based on the approved design. 

Subitem (1) requires the facility 01mer or operator to inspect synthetic 
liners and covers to ensure tight seams and joints and the absence of tears, 
punctures, or blisters. The construction inspection must ensure that no tears, 
punctures, or blisters exist because they become avenues for the release of 
leachate or waste or waste by-products into subsurface soils and eventually 
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ground water. Weak areas in the seams must also be located and repaired. The 
specific process used to evaluate the seaming procedures and quality of the work 
will vary depending on the synthetic material and the seaming process used. 
Continuous visual inspection of the construction process is a major ~eans of 
ensuring that work is being completed correctly. However, visual inspections 
must be backed by testing because not all defects can be determined simply by 
looking at the materials, e.g., ineffective seamed joints. If the top layer of 
a clay liner is disrupted, there is additional material of the same construction 
below the top layer as a back-up system. The general requirements of this 
subitem alert the facility owner or operator of the specific points the Agency 
wants covered during the construction inspections. 

Subitem (2) requires that soil-based and admixed liners and covers be 
inspected for imperfections like cracks, channels, root holes, and other 
structural nonuniformities. As with synthetic materials, soil-based and admixed 
materials have structural weak points. The construction inspection must be 
designed to detect improper installation at these weak points. For instance, 
seams are a critical area of· concern when using synthetic materials, whereas 
root holes and improper moisture control leading to releases of leachate to the 
subsurface soils are of concern with soil-based liners. Establishing inspection 
requirements for soil-based and admixed liners and covers is the most effective 
method of ensuring the Agency's standards for design and construction are met. 

Item B requires that an engineer registered in f~innesota certify that the 
liner was constructed in compliance with approved plans and specifications. An 
engineer should be required to certify the construction was properly completed 
because the facility owner or operator does not have the technical expertise to 
determine if the results of a specific set of tests indicate that standards were 
complied 1vith. The facility owner or operator must be aware of what is needed 
to properly evaluate the construction quality but does not have the background 
to do the actual evaluation. An engineer has th'e most familiarity with the 
approved design and is most involved in the actual construction. 

Subpart 6. Closure. This subpart requires that all solid waste and 
contaminated portions of the storage area be removed and properly disposed of or 
recycled at the time of closure. It is important that any waste being stored at 
the solid waste management facility be properly removed before closure. To 
allow the waste or any contaminated portions of the storage area to remain after 
closure would serve only to create future environmental problems. Not all solid 
waste management facilities are required to monitor site activities after 
closure. If waste were to remain at the site, it would pose a risk to human 
health and the environment. Inadvertent users of the site could be injured by 
working around the storage area or being exposed to disease-carrying organisms 
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that have grown in the waste pile. Long-term storage would only serve to allow 
the decomposition of the waste, which combined with rainfall, might generate 
leachate that may seep into subsurface soils or overland into surface water. 
Additionally, the Agency would look at waste remaining in a storage area after 
facility closure as disposal and not storage. A disposal facility is subject to 
far more restrictive standards than processing facilities because of the 
long-term exposure the environment will experience. Postclosure care and· 
financial assurance would, at this point, be required of the facility 01~ner or 
operator for the storage area. The removal of waste or contaminated ~ortions of 
the. storage area reduces the potential risk associated with long-term disposal 
of waste at the site. 

6. Part 7935.2865 SOLID WASTE TRANSFER FACILITIES. 

This part establishes the design, notification and operation requirements 
specific to solid waste transfer facilities. Improperly designed and operated 
solid waste transfer facilities create hazards to human health and the 
environment. They also disrupt the flow of waste from generation to processing 
and disposal. Accidents, fires, nuisances, leachate generation, and 
contamination of surface water and ground water can occur. Operating a solid 
waste transfer facility in an environmentally-sound manner is different than 
operating other solid 1vaste management facilities. The solid waste rules should 
include a section dealing specifically with transfer facilities. 

Subpart 1. Scope. This subpart sets out what facilities and persons are 
regulated by this part. 

Subpart 2. Delivery of solid waste. This subpart requires that solid waste 
transported from a solid waste transfer facility be delivered to a facility 
permitted by the Agency. One overall objective of these rules is to establish a 
complete solid waste management system that is capable of protecting human 
health and the environment. Transfer facilities are most often used as 
collection points for solid waste for delivery to either a processing facility 
or a disposal facility. This provision does not add any additional functions to 
the facility operation, but it does emphasize that solid waste may only be 
handled by permitted facilities. Because normal transfer facility operations 
result in the delivery of solid waste to Agency-permitted facilities, this 
subpart serves only to clarify facility owners' and operators' responsibilities. 

Recycled or composted materials are in a state ready for use; requiring that 
only permitted facilities could use these materials would reduce the markets 
available. The objective for creatin~ recycled and composted materials is to 
provide resources available to a wide variety of users and decrease the amount 
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of virgin materials used in the same manner. Disposal of those materials would 
directly contradict the Waste Management Act. These materials should be exempt 
from the delivery standard because their processing and product quality control 
are regulated under parts 7035.2835 and 7035,2845. 

Subpart 3. Notification. This subpart requires the facility owner or 
operator of a transfer facility to notify the Commissioner. This notification 
must be done by letter and must include information on the facility location, 
responsible party and phone number, facility size, and the type of waste 
received. Because these facilities are small and present a low potential for 
environmental impacts, no formal permit application is necessary for their 
construction and operation. The Agency is responsible for solid waste 
management in the State and must, therefore, be aware of what types of 
facilities are managing the 11aste and ho~1 much is handled at each facility. 
This information can be used to evaluate statewide management needs. Because 
transfer facilities are small, the Agency believes it is not reasonable to 
require a lengthy development of plans and engineering r~port. Therefore, to 
obtain information about the permit-by-rule transfer facilities, some form of 
notification is needed. The Agency will also be able to review this information 
and advise the facility owner or operator of any locational or other problems 
associated with the operation of the particular facility. The notification 
process is easily complied with by facility owners and operators and provides 
useful information regarding solid waste management in Minnesota. 

Subpart 4. Operating requirements. This subpart sets out the specific 
requirements for operating a solid waste transfer facility. Requirements for 
operating this type of facility should be established because the concerns with 
operating a transfer facility are unique to its management. Facility owners or 
operators should be alerted to the Agency's specific operational concerns 
regarding transfer facilities for them to design and construct the facility to 
meet these requirements. 

Item A requires that an operator be on duty at all times the facility is 
open. If an operator is not present as waste is delivered to the facility, 
improper placement may happen resulting in disruption to the facility arid 
possible environment impacts. Sound business practices dictate that a 
representative of the facility owner be present on the site to be sure 
operations do not endanger the physical structure or performance of the 
facility. This requirement does not add an additional burden on the facility 
o~mer and compliance wi 11 promote facility operations that protect human health 
and the environment. 

Item B requires that access to the facility be closed when an operator is 
not on duty. This requirement is consistent with item A and addresses safety 
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and environmental concerns. The inadvertent arrival of persons lacking 
knowledge of the ,proper operation of the facility could cause disruptions in 
facility operation or damage to the facility resulting in environmental impacts 
or injury. A transfer facility is designed to meet specific performance 
standards. Standards must be established for situations that could impair the 
ability of the facility to perform as designed. 

Item C requires that all putrescible 1~aste remaining at the facility at the 
close of each operating day be stored in an enclosed structure or in leak-, : 
fly-, and rodent-proof containers. Putrescible waste must be removed at least 
once per week. Putrescible wastes are wastes subject to decomposition and 
usually thought of as food wastes or other organic wastes. These wastes, if 
allowed to sit out on open stockpiles, will attract flies, rodents, and animals. 
Flies and rodents quickly multiply and are disease-carrying vectors. It is 
important from a human health perspective that they not be allowed to prosper in 
the waste and carry diseases into the surrounding area. Often animals will find 
human food wastes as a good supply of eatables. These animals may disrupt the 
stockpile creating a cleanup need. Household waste is generally not separated. 
into strictly food wastes. As waste decomposes, water is generated. The water 
generated during decomposition combined with rainfall could result in run-off 
problems at the site and operational problems in handling excessively moist 
waste. 

Item D requires all salvageable and recycled materials to be containerized 
unless properly managed under item H. Item H requires all solid waste to be 

.confined to the unloading area or other designated processing or storage areas. 
If appropriate, the storage requirements of part 7035.2855 would apply. It is 
reasonable to require containerization because if allowed to be distributed 
anywhere on the facility site, further operations of the facility could be . 
disrupted, injuries could occur, and environmental impacts could result. 
Containerization provides organization of the materials for selection and pickup 
by outside users without endangering traffic flow patterns, interfering with 
other waste processing at the facility, or allowing the leakage of liquids into 
subsurface soils. 

Item H requires all solid waste to be confined to the designated unloading 
area or processing or storage areas. The Agency requires the facility owner or 
operator to consider these options in the design of the facility. The use of a 
general performance standard allows the facility owner or operator some 
flexibility in deciding to utilize separate processing areas at th~ transfer 
facility. Confining the waste to the unloading area, unless other provisions. 
have been made, minimizes the potential impacted areas at a facility, limits 
potential vermin attraction areas, and minimizes nuisance conditions and 
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complaints related to the out~1ard appearance of a facility. Compliance ~~ill 

minimize environmental risks. 
Item E requires that all residuals be removed at least monthly from a 

transfer facility. The purpose of a solid waste transfer facility is the 
collection of waste from many points into a central area for transport to 
another solid waste management facility. In some cases, the waste is separated 
into categories such as compostables, tires and recyclables before transport. 
The segregation process may result in residual wastes being left in quantities 
too small for cost-effective transportation. This provision prevents the 
short-term storage of these wastes from becoming long-term storage or disposal 
without the additional design, construction, and operation changes needed to 
adequately protect human health and the environment. Because a transfer 
facility is not designed for long-term storage or disposal, standards.must be 
established to prevent this from .occurring. 

Item F prohibits the storage of more than 500 tires at the facility without 
a separate permit for this storage. Minn. Stat. §§ 115A.90 to 115A.906 require 
facility permits for the stockpiling of more than 500 tires at a collection 
site .. This provision is consistent with Minnesota Statutes. 

Item G requires that demolition debris land disposal facilities established 
adjacent to a transfer facility must comply with part 7035.2825. This provision 
alerts facility owners and operators of transfer facilities that, if they decide 
to include the management of demolition debris at a facility, they must also 
comply with the standards for demolition debris land disposal facilities. This 
requirement adds no ne1~ standard on the facility owner or operator,.it merely 
clarifies existing criteria. 

Item H is addressed above. 
Item I requires that special prov1s1ons for the storage of bulky items prior 

to transport must be made by the facility owner or operator. Bulky items, such 
as refrigerators, furniture, and clothes washers need special handling. They 
are not easily compacted for management with other wastes received at the 
facility. Therefore, special provisions must be made to avoid disruption of 
normal facility activities. Facility owners and operators should be notified of 
the Agency's requirement for special consideration to allow storage of bulky 
wastes prior to construction of the facility and during operation. 

Item J requires that storage of wastes at the transfer facility must be 
conducted in accordance with the storage requirements of part 7035.2855. This 
requirement serves as a notice to facility owners and operators of other rules 
that apply to the design, construction and operation of this facility. This 
information should be included in this part as notice to facility owners and 
operators of other rules that apply to the design, construction and operation of 
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this facility. This information serves to notify facility owners and operators 
of their responsibilities, but does not add requirements. 

Subpart 5. Design requirements. This subpart establishes the specific 
design requirements applicable only to transfer facilities. 

Item A requires that an all-weather road negotiable by loaded collection 
vehicles be included in facility development plans. A transfer facility is used 
as a central collection point for solid waste. If collection vehicles are 
unable to enter the facility for unloading .purposes, the entire solid waste 
management scheme for the area will be disrupted and the result could be 
improper disposal of the waste resulting in environmental impacts or direct haul 
to the processing facility, which could increase costs and disrupt the operation 
of that facility. Because of the importance in getting waste to and from a 
transfer facility, the facility design must address this concern. 

Item B requires the transfer facility to be designed with truck wheel curbs 
and tie downs if the facility has elevated unloading areas. Wheel curbs and tie 
downs on elevated areas must be required to avoid trucks with rear-end loaders 
backing over the edge and seriously injuring someone. 

Item C requires that the tipping areas, loading and unloading areas, storage 
areas, and processing areas must be constructed of impervious material that is 
readily clean~ble and suitable to collect free moisture. Solid waste brought 
into a transfer facility will contain free moisture. At times this moisture is 
absorbed by the paper present, but at other times excess ~oisture will be 
experienced because of rainfall during collection. The loading and unloading of 
solid waste is not a neat and tidy function. These areas must be swept and 
washed down to prevent unhealthy working conditions. If the water from this 
process were allowed to discharge onto the surrounding areas, the result could 
be polluted surface waters or ground water and impairment of driving surfaces, 
unloading areas, and loading areas. Low permeability surfaces must be required 
at transfer facilities because of the amount of solid waste handled, the 
potential for liquids to migrate out of the solid waste, and the potential 
environmental problems associated with allowing the liquids to flow overland to 
surface waters or infiltrate into the ground water without treatment. 

7. Part 7035.2875 REFUSE-DERIVED FUEL PROCESSING FACILITIES. 

This part establishes the design, operation, contingency action plan, and 
reporting requirements specific to refuse-derived fuel processing facilities. 
Providing the Agency's specific standards for refuse-derived fuel processing 
facilities in one rule will assist the facility owner or operator in 
understanding the responsibilities attached to operating such a facility. 
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Subpart 1. Scope. This subpart identifies who is required to comply with 
this part. Clearly specifying to whom the regulations apply enables the 
facility owners and operators to know what is require~ of them. 

Subpart 2. Design requirements. This subpart specifies the design 
requirements applicable to refuse-derived fuel processing facilities. Including 
specific design standards advises facility owners and operators of the Agency's 
requirements for operating the facility. 

Item A requires that the facility design plans must include the 
specifications for the facility site preparation. The preparations include at 
least drainage control structures, entrance and access roads, screening, 
fencing, and any other special design features. Site preparation is important 
in the ability of a facility to minimize impacts on the environment. Without 
access control, vandalism disrupting the facility operation may result not only 
in facility damage but also environmental impacts due to the release of 
pollutants. If surface water drainage is not adequately controlled, the result 
again could be the release of pollutants and soil erosion. Site preparation is 
needed before any facility operation begins, to minimize delays to operation 
start-up and ensure good facility operation after start-up. 

Item B requires that surface water drainage must be diverted around and away 
from outdoor storage areas. Part 7035.2855 requires that storage areas be 
protected from surface water drainage to protect the integrity of the liner 
system. If the processed fuel is stored outdoors, surface water draining 
through the storage area could render the product unusable. If the waste stored 
prior to processing is inundated with surface water, the excess moisture could 
make it unacceptable for processing. In both instances the surface water may 
also proceed to wash the processed or unprocessed waste out of the storage area 
into the surrounding area resulting in at least cleanup costs and possibly 
environmental impacts. Including diversion of surface water drainage as a 
specific requirement for these facilities highlights the facility owner's and 
operator's responsibility to protect waste from surface water. 

Item C requires that unprocessed or processed waste stored uncovered be 
stored on a liner capable of minimizing or eliminating leachate flow out of the 
area. The liner permeability may be no greater than 1 x lo-7 centimeters per 
second and natural soil liners must be at least two feet thick. These 
requirements are identical to the requirements found in part 7035.28~5 for 
storage areas. The standards are repeated in this part to emphasize that both 
processed and unprocessed waste storage areas must comply with the requirements. 
The Agency does not believe screening, shredding or even compacting the waste 
eliminates the risk associated with storage of residual wastes or the fuel 
itself. If the waste or fuel were not stored on low permeability surfaces, 

• ~ I 
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precipitation or moisture within the waste or fuel could leach pollutants from 
the materials being stored and seep into the underlying soils. 

Item D requires that the refuse-derived fuel processing facility be designed 
to contain an odor control system. Many types of wastes will be received at 
these facilities and the waste will be at different stages of decomposition. 
Organic wastes will often emit unique odors associated with those particular 
wastes. Waste stored in closed containers may have begun anaerobic 
decomposition, which forms many odorous gases, some of which are toxic. By 
constructing an odor control system capable of removing odors from the facility 
and replacing them with fresh air toxic gases will be removed from the facility 
as well as odors associated with the waste. 

·Item E requires a dust control system to be designed into the facility. 
Dust particles smaller than 0.075 millimeters, if properly mixed with air, are 
explosive. Cornstarch is commonly discarded in household waste and will explode 
if conditions are right. Over 300 substances common to household wastes, 
including paper, rubber, egg white, sugar and tobacco, have been identified with 
explosive characteristics. The shredding process exacerbates the potential 
explosiveness of some materials by decreasing their size while mixing them with 
air. The methods for reducing explosions at a refuse-derived fuel processing 
facility include visual inspection of incoming wastes, public awareness, vents, 
and water misting systems. 

Item F requires the facility to be designed to handle all incoming solid 
waste within 24 hours based on materials flow and mass balance calculations. 
Requiring the waste to be processed within 24 hours prevents creating a need for 
large storage areas, decreases the ability of the facility owner or operator to 
generate suitable fuel, and minimizes the potential for precipitation to 
generate leachate and encourage decomposition. 

Item G requires the facility to be designed to minimize the risk of 
explosions, spills, leakages, or releases that.might harm human health or the 
environment. Because of the amount of waste processed at these facilities and 
the varied composition of the waste, standards must be established for a design 
that minimizes impacts from the facilities. ·specific design standards cannot be 
included in the rules because of the variety ·of designs that may be used for 
these facilities. Therefore, this general performance standard was included in 
the rules. 

Item H requires. inclusion of the design and performance specifications of 
equipment to be used at the facility in the engineering design report. No one 
set of equipment design parameters can be used to control the quality of a 
facility design. The Agency, through the permitting process, is responsible to 
review the designs and decide if they are adequate to protect human health and 
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the environment. 
Item I requires the design of the facility to provide for waste management 

while the facility is dmm for maintenance or mechanical repairs. Only by 
addressing these situations during the design phase will the proper management 
of incoming wastes occur. 

Subpart 3. Operation and maintenance manual. This subpart requires the 
facility owner or operator to prepare an operation and maintenance manual. The 
manual must be kept at the facility. Specific items to be included in the 
manual are listed in this subpart. The manual can be used in the personnel 
training program to be established under part 7035.2545. Having a manual is a 
sound business practice to control risks· associated with the operation of the 
facility. 

Item A requires the manual to address how the facility will be operated to 
comply with the odor standards of parts 7005.0900 to 7005.1040. The presence of 
odor at a facility may imply poor facility design, too·much waste received, poor 
facility operation, not utilizing the odor control system, or operating below 
capacity. 

Item B requires the manual to address access control. Without access 
control, facility operations may be disrupted due to vandalism, injury or 
destruction of fuel waiting for transport. This requirement does not require 
additional work by the facility owner or operator because controlling who is on . 
the facility property is necessary to manage risks at the. facility. 

Item C requires all by-products including metallic and non-metallic 
residuals, to be stored to prevent vector problems and aesthetic degradation. 
The by-products must be removed or used at least once a week. The short-term 
storage of waste can attract vectors and become eyesores if allowed to be stored 
in open areas with no control measures. The general performance standard allows 
the facility owner or operator to design the storage area in a manner that is 
compatible with the rest of the facility. Requiring at least weekly removal of 
the by-products prevents short-term storage from becoming disposal. 

Subpart 4. Contingency action plan. This subpart requires the facility 
owner or operator to develop and maintain a contingency action plan. The plan 
must address actions that will be taken to deal with spills, releases, 
explosions, or accidents that disrupt operations and what back-up systems, 
including contracts, exist for accidents that. result in facility closure. To 
minimize the length of time a facil.ity must be closed and to ensure a processing 
.facility is available to act as a Qack-up facility, it is important to plan 
before the accident how to address the situation. The development and 
maintenance of a contingency action plan sensitizes the facility owner or 
operator to the responsibility associated with a facility. 
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Subpart 5. Annual report. This subpart sets out the information specific 
to refuse-derived fuel processing facilities to be included in the annual 
report. Specifying the items that must be addressed in the annual report allows 
the Agency to receive sufficient information to evaluate the performance of the 
facility and the success of the statewide solid waste management. The 
information is easily gathered and is not a burden on the facility owner or 
operator. 

VI. SMALL BUSINESS IMPACTS 

The Agency is required to consider the impacts of proposed rules on small 
businesses: 

Subd. 1. Definition. For purposes of this section, "small 
business" means a business entity, including its affiliates, 
that (a) is independently owned and operated; (b) is not 
dominant in its fi~id; and (c) employs fewer than 50 full-time 
employees or lias gr(?ss sa 1 es of 1 ess than $~, 000, ooo. For 
purposes of a specific rule, an agency may define small business 
to include incire employees if necessary to adapt the rule to the 
needs and pro8lems of small businesses. 

Subd. 2. Impact oh small business. When an agency proposes a 
new rule, or Sn ain~ridment to an existing rule, which may affect 
small busin~s~~s as defined by this section, the agency sl1all 
consider eath of the following methods for reducing the impact 
of the rule oH ~maii businesses: 

(a) the estabi~shment of less stringent compliance or reporting 
requirement~ for ~mall businesses; 

(b) tl1e establ~shm~ht of less stringent schedules or deadlines 
for compliance or reporting requirements for small businesses; 

(c) the consolidation or simplification of compliance or 
reporting requirements for small businesses; 

(d) the establishment of perfor1nance standards for small 
businesses to replace design or operational standards required 
i n the ru 1 e ; and 

(e) tile exemption of small businesses from any or all 
requirements of the rule. 

In its statement of need and reasonableness, the agency shall 
document how it has considered these methods and the results. 
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Subd. 3. Feasibility. The agency shall incorporate into the. 
proposed rule or amendment any of the methods specified under 
subdivision 2 that it finds to be feasible, unless doing so 
would be contrary to the statutory objectives that are the 
basis of the proposed ruJemaking. 

Minn. Stat.§ 14.115 (1986). 

Nearly all private solid waste management facilities in Minnesota qualify as 
small businesses under the definition in subdivision 1. Only three solid waste 
management firms in the State take in enough waste to have gross sales in excess 
of $4,000,000. Two sites are subsidiaries of Browning-Ferris Industries, Inc. 
the Flying Cloud landfill in Hennepin County and the Pine Bend landfill in 
Dakota County. Tt1e tr1ird site is a subsidiary of Waste Management, Inc. -the 
Anoka County r~unicipal landfill. These three firms comprise less than 7 percent 
of the total number of private land fill firms in the State. Because only a 
small percentage of private solid waste disposal facilities are not small 
businesses, the Agency considers that nearly all businesses affected by the 
rules are small businesses. This means the option described in section 14.115, 
subdivisio~ 2, item (e), i.e., to exempt small businesses from some or. all rule 
requirements, cannot be used. 

The statutory objectives on which this rulemaking is based have been cited 
before, but tt1ey bear repeating in this section. 

It is the goal of sections 115A.01 to 115A.72 to improve waste 
management in the state to serve the following purposes: 

(a) Reduction in waste generated; 

(b) Separation and recovery of materials and energy from waste; 

(c) Reduction in indiscriminate dependence on disposal of 
1~aste; 

(d) Coordination of solid waste management among political 
subdivisions; 

(e) Orderly and deliberate development and financial security 
of waste facilities including disposal facilities. 

Minn. Stat.§ 115A.U2 (1986). 

The legislature finds that: 

( 1) the waters of the state, because of their abu11dant quantity 
and high natural quality, constitute a unique natural resource 

/ 
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of immeasurable value 1~hich must be protected and conserved for 
the benefit of the health, safety, welfare, and economic 
well-being of present and future generations of the people of 
the state; 

(2) the actual or potential use of the waters of the state for 
potable water supply is the highest priority use of that water 
and deserves maximum protection by the state; and 

(3) the disposal of hazardous waste and radioactive waste in 
Minnesota may pose a serious risk of pollution of the waters 
of the state, particularly potable water. 

It is therefore the policy of the state of Minnesota, consistent 
with the state's primary responsibility and rights to prevent, 
reduce, and eliminate water pollution and to plan for the 
preservation of water resources, that depositories for hazardous 
waste or radioactive waste should not be located in any place 
or be constructed or operated in any manner that can reasonably 
be expected to cause pollution of potable water. 

Minn. Stat.§ 115.063 (1986). 

Minn. Stat. § 14.115, subd. 3 requires the Agency to consider the 
relationship of compliance costs to statutory goals. A clear implication of 
this statute is that, although administrative rules may serve statutory goals, 
at some point rules can become so costly that they are counterproductive. For 
example, rules could become counter productive if they are so stringent that 
they force a critical number of regulated firms out of business. A large number 
of closings in a vital service area such as solid waste management would quickly 
lead to a statewide series of local crises. 

The relationship implied by this statutory requirement suggests a series of 
tradeoffs between regulatory, in this case environmental, goals and the types of 
regulations (or costs) actually imposed. This is graphically shown in Figure 
11. 
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The graph presents environmental protection (EP) as a function of either 
regulatory effort or cost (C). There is some level of C that is optimal. This 
is shown in the graph as C2. At point C2, any change in regulatory effort 
causes a decline in environmental protection. It leads to either too little or 
too much regulation. If current regulations impose costs less, than C2, then it 
is possible to increase EP by adding regulations. However, if the current 
regula tory sys tern imposes costs greater than C2, new regulations will actually 
cause EP to decline. The directive in Minn. Stat. § 14.115 clearly focuses on 
the second case (C2 < C3l and requires the Agency to ease regulation if it 
imposes costs greater than C2. 

A further complication arises because many of the proposed rules involve 
gathering information that is needed to determine whether the current state of 
regulation places us at, above or below the optimal level of C. A decision to 
loHer information requirements or reporting schedules 1~ould likely delay the 
determination of the regulatory system's position with respect to the optimum. 
The data problem leads to analysis paralysis. Change is needed, b~t there is no 
way to determine, quantitatively, just how much change is needed. 

This leaves the question to be determined by qualitative means. There is a 
counter-productive tendency in qualitative debate to admit arguments based on 
unsupported guesses, hopes and fears. The Agency believes such debate can 
advance no useful purpose. Discussion of the appropriate level of regulation 
must accept modest and reasonable constraints or fair decisions will become very 
unlikely. 

A reasonable characterization of equilibrium conditions at the optimum can 
serve as a substitute for quantitative precision until new data allow more 
precise judgments. In other words, the Agency proposes to consider what would 
likely happen if every part of the solid waste management system worked right, 
and then determine whether the proposed rules will help the system develop 
toward the optimum. If a rule advances a given goal, and weakening or 
eliminating the rule retards progress, then the rule should remain, according to 
the terms of Minn. Stat. § 14.115. 

The Agency believes a solid waste management system at optimum would present 
the following characteristics: 
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1. Information: Facility ovmers and operators would have quite detailed 
descriptions of design, operations and locations. They would ai~~ have 
a ~ood understanding of the ways facility design, operation and 
location interact. Facility owners and operators would use these basic 
data to ~ake comprehensive plans for facility development and 
maintenance. 

2. 

3. 

Information sharing: Facility owner.s and operators, faci 1 i ty users, 
facility neighbors, and regulators would all have access to site 
information and facility plans. Such information sharing 1vould 
increase the likelihood that the regulation of solid waste management 
would reach optimum levels as successful solutions at one facility 
become kn01m to other faci 1 i ty managers. 

Distribution of costs: Billing for system costs would be equitable . 
That is, facility users would pay for all facility operations and 
maintenance. There Hould be no shifting of costs from facility users 
and operators t~ the users of contaminated resources. 

4. Resource allocation: Least-cost management, subject to specific 
environmental constraints, would characterize the solid waste 
management system. Resources would be used to their maximum feasible 
extent and not over-used to the extent that resource quality falls to 
unacceptable levels. 

The Agency believes that the proposed rules will help advance the State's 
solid waste management system toward the optimal conditions described above. 
The Agency finds no cases in which solid waste management facilities are now 
over-regulated. This means that the system probably now operates at some level 
below the optimum implied in Minn. Stat. § 14.115. A consequent implication is 
that any easing or elimination of proposed requirements would likely go against 
the statutory bases (Minn. Stat. §§ ll5A.02 and ll5.063) of the present 
rulemaking. 

Section 14.115 directs the Agency to consider its rules divided into 
substantive provisions and procedural provisions. Substantive provisions govern 
compliance 11ith· requirements that affect physical structures and operations 
(e.g., facility designs, monitoring protocols). Procedural requirements set 
reporting standards and schedules. The regulatory requirements imposed, both 
substantive and procedural, have been designed to take particular account of the 
needs and conditions of small firms. The technical standards in the proposed 
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rules include botll design and performance elements. Many of the proposed rules 
provide regulated firms with opportunities to adjust standards so that special 

' local conditions are taken into account. Procedural requirements, such as 
reporting and schedules, have been kept to the minimum level the Agency believes 
will do no damage to the equity of regulatory enforcement. The Agency must have 
a certain amount of information from all facility owners and operators if it is 
to regulate efficiently and fairly the State's solid waste management system. 

Section 14.115 can only have meaning if firm size is the only variable that 
influences the events at issue. However, the conditions which give rise to this 
rulemaking (resource contamination) vary 11ith respect to factors other than 
size. Location, historic waste management practices, economic growth and 
technological change can very likely ·each have a greater individual impact on 
environmental damage than firm size. The Agency believes that relaxing 
standards for small businesses will allow environmental risks to exceed the 
minimum acceptable levels embodied in the proposed rules. That woOld be clearly 
contrary to the goals of the rules and the statutory authority. 

Procedural matters are also not very responsive to firm size in the area of 
environmental regulation. Land disposal facilities of all sizes generally 
receive 1~aste at a steady, if not stable, rate. There is usually some disposal 
occurring at all sites on every business day. This means that operating 
activities will cause steady change at the facility site: available capacity 
will decrease; disposal activities may disturb ground 1·1ater protection 
installations; moisture may enter the fill area; etc. The Agency must have a 
regular flow of information about the site in order to determine whether changes 
in conditions have led to environmental damages. 

The rules require facility owners and operators to submit various reports at 
specified times. The largest information requirements occur every five years, 
when permits are renewed. Annual reports will contain less extensive 
information, mainly on the results of site operations. Facility owners and 
operators will also have to submit annual evaluations of the status of financial 
assurance programs. Reporting periods for ground water sample analyses are set 
according to individual site conditions. The Agency believes these reporting 
requirements will yi.eld the minimum amount of information needed to monitor 
compliance with the rules. 

In sum, tt1e Agency believes that the proposed rules meet'the requirements of 
Minn. Stat. § 14.115. The rules accommodate small business concerns without 
compromising the environmental values that are the rules' policy foundation. 

A person may conclude from reading section 14.115 that administrative rules 
have only negative impacts on regulated firms. However, added costs are only 
one of the impacts. The Agency expects that regulated firms will also benefit 
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from the adoption of the proposed rules. Section VII, ECONOMIC CONSIDERATIONS, 
discusses in some detail the question of the balance of regulatory impacts. 
A summary of that discussion is useful here. 

The rules' technical elements require that facility designs and operations 
meet specified standards. If existing facilities are compared with future 
facilities that comply with the proposed rules, the future facilities will give 
their customers and neighbors much greater confidence in the soundness of 
facility operations. Likewise, the proposed rules' reporting requirements will 
give much more information to facility managers, customers and neighbors. 
Facility managers can use the new information to improve their risk management 
practices. 

Current practice often rests on the unsubstantiated, often slim, hope that 
facilities will not require corrective actions. Facility management under the 
proposed rules 1~ill be much better informed. Facility managers will have sound 
bases for plans that take account of identified needs (e.g., closure and 
postclosure care) and risks (e.g., contingencies). The·new information will be 
verifiable through independent means ·and, thus, will provide good reasons for 
needed price increases. In sum, the Agency expects the proposed rules will 
induce improvements ·in facility design·, operational and financial planning. 
Such changes will yield long-term benefits for private operators. 

Finally, consider the manner and timing of land disposal facility closures. 
There is a cyc,le of facility development, operation and closure .. Land disposal 
sites have limited capacities. The facilities can only l1old so muth waste. 
Facility operators must plan and be prepared for the day when their facilities 
are full. Other factors also induce facility closures. Some sites wili close 
because local government solid waste management plans call for site closure 
following construction of alternative waste processing facilities. 

Section VII, ECONOMIC CONSIDERATIONS, provides more details on the expected 
pattern of facility closures induced by capacity shortages and solid waste 
management planning. This pattern indicates a continuing need, beyond 1990, for 
about 60 facilities located outside the Twin Cities Metropolitan region. 

These facilities will gradually develop into sites quite different than most 
current land disposal facilities. Only relatively small areas will remain open 
for disposal operations. Disposal areas will be closed much more quickly than 
they now are. Operators will devote regular time to checking and maintaining 
environmental monitoring systems. New protective design features (e.g., 
leachate collection systems) will also require the facility manager's regular 
attention. 

Land disposal facilities operating after 1990 will also have a different 
appearance in their financial statements. These facilities will also report 
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financial reserves developed in anticipation of future costs. In brief, the 
private land disposal facilities operating after 1990 will appear tq. be more 
substantial firms. The physical sites will likely be' larger, so th~t scale 
economies can offset greater fixed costs. The small businesses offering solid 
waste disposal services will not be quite as small in 1990 as they are now. 

The question remains whether the post-1990 land disposal firms will be the 
same as the pre-1990 firms which now have adequate capacity and are not 
identified in local solid waste management plans as sites scheduled for closure. 
The question is indeterminate. Its answer depends on the managerial 
capabilities and inclinations of individual facility operators. Solid waste 
facility management will be more complicated in the future. The Agency strongly 
believes that the new regulations are not so complex or restrictive that they 
will make facility management impossible. But, facility operators will have to 
1~ork harder. Some managers may choose not to operate simply because they do not 
want to recognize new constraints. Tl1is choice remains open to all facility 
managers, but it will be exercised due more to um~i ll ingness than to inabi 1 ity 
to comply with the new rules. Other managers will be ready to take up any slack 
created when some managers choose not to operate simply because they do not 
choose to comply with the new rules. 

VII. ECONOMIC CONSIDERATIONS 

PROLOGUE 
Earlier chapters have presented discussion on the need for and 

reasonableness of the proposed rules. The Agency proposes these rules because 
existing rules provide neither the Agency nor facility permit holders with the 
guidance needed to design, operate and maintain solid waste disposal facilities 
tl1at manage waste and, at the s~me time, protect human health and the 
environment. In short, there is a compelling need to change the solid waste 
management system. 

Nearly all of the changes required in the proposed rules impose costs. This 
is not a surprising finding, since the rules generally add management 
responsibilities rather than reduce them. State law requires the Agency to 
consider economic impacts when adopting ~ules. Minn. Stat. § 116.07, subd. 6 
(1986). 

Existing rules set forth a permit holder's general responsibilities. These 
rules lack specificity, particularly with respect to the goals of site 
management. Facility managers, given only general guidance, have tended to 
minimize operating costs. This is understandable. Competition among private 
sector facility operators discourages them from making costly operational or 
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design changes. Private sector pperators must increase their prices (tipping 
fees) if their operating costs increase. Increased prices could cause business 
to drop off if competitors' prices do not also increase. Likewise, public 
sector facility operators are reluctant to raise prices because they do not want 
to charge their customers more money for what customers believe is a basic 
public service. Public sector· operators do not want to be responsible for 
actions their constituents may view as tax increases. 

Both cost-minimizing attitudes derive from legitimate goals. The private 
sector operator wants to provide customers with cost-effective service. Public 
officials responsible for waste disposal facilities want to control the cost of 
public services. 

The current body of general rules has accommodated these goals. For 
example, current rules require facility operators to construct and operate a: 

water monitoring program ... to determine whether . 
solid waste or leachate therefrom is causing pollution of 
underground or surface 1~ater. . . The conditions of 
monitoring, including the frequency and the analysis of water 
monitoring samples, shall be determined by the [commissioner] 
and may be ct1anged at his discretion. 

Minn. Rules pt. 7035.1700, itemS (1987). 

This rule offers the facility operator no specific guidance on the proper 
design and operation of a water monitoring system. Likewise, the rule provides 
the Agency with only a very general basis for enforcement actions. The Agency 
has found only limited compliance 1~ith this general rule among facility 
operators. 

Many of the current rules have this problem. They impose responsibilities 
on facility operators but do not give the operators any detailed guidance that 
will help them fully comply. The proposed rules address the problem in some 
detail. Permit application procedures will require extensive and specific site 
information. Gathering this information will give permit holders more complete 
knowledge of their sites' characteristics than they now have. Sites' major 
physical features will be subject to explicit design and performance standards. 
This will give permit holders a much better understanding of how to site, 
develop, operate, maintain, close and care for facilities. 

Permit holders will have very specific financial reporting responsibilities. 
This will strongly encourage prudent financial management. The proposed rules 
include specific ground water protection standards that help both the Agency ~nd 
permit holders define problems and develop solutions. Contingency planning 
requirements will further prepare the Agency and permit holders for unexpected 
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problems. In sum, the proposed rules give the Age~cy and permit holders the 
deta i 1 ed 'guidance needed to design, operate and rna i nta in en vi ron mentally-sound 
facilities. 

The proposed rules also give permit holders little room to avoid site 
responsibilities. This means private and public sector permit holders will have 
to upgrade the.ir facilities. All permit holders will incur new costs in roughly 
equal degree. 

Facility permit holders will be the first to incur these costs. However, 
the impact will not stop there. Facility users will have to pay more for waste 
disposal services, as permit holders increase service charges to offset the new 
regulatory costs. 

Charge systems vary throughout the State. Most facilities charge tipping 
fees that are based on the volume of waste, cubic yards (c.y.), received. A few 
facilities use scales to establish a charge rate based on weight, tons, which 
yields more accurate measures of waste receipts. Some of the newer and proposed 
waste processing systems do not charge tipping fees. Instead, they levy waste 
disposal service charges on property o1·mers 1~ithin the facility's service area. 
The service charges are customarily administered,by local property taxation 
authorities. A few facilities in the State rely solely on local government 
appropriations. Property taxes are the only income source for these facilities. 
Many facilities owned or operated by local governments rely on mixed financial 
arrangements. Often, tipping fees pay for some costs and the municipality 
"lends" out equipment or services as needed. The municipality thus uses some 
tax resources to subsidize a facility which does not charge a tipping fee that 
is large enough to pay for all operations. 

The mixed local financial management structure means that localized 
financial impacts v1ill vary throughout the State. Facility users in many local 
areas will bear all of the new costs. However, it is unlikely that those who 
send the most waste to the facility will incur proportionate cost increases. 
This inequitable condition arises because very few waste collection services. 
base their residential charges on unit costs. Most collection service charges 
derive from average costs. That is, the collection service manager estimates 
total operating costs plus profit margin and divides this value by the number of 
customers on residential routes. 

Local government regulations further complicate matters. Very fe11 
municipalities regulate collection service rates, althoJgh a number do control 
disposal facility rates. Local authorities tend to rely on competition to 
control waste hauling rates. Theory holds that reliance on laissez faire should 
yield low rates, however narrative and informal evidence indicates the opposite. 
Appareritly, landfill rate increases offer windfall opportunities that some waste 
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hauiers cannot resist. 
Some localities 1~ill not directly impose cost increases on facility· users·.·· 

Assessment sys terns, whether property taxation or service fees, will spread costs 
in a different pattern. Cost incidence will depend, in these cases, on the 
idiosyncracies of local assessment, valuation and administrative systems. 

The vagaries of financial management in the solid waste sector make precise 
estimates of iocal impacts impossible. The only precise answer to the question: 
"How much will these rules cost me?", is: "That depends on, among other things,: 

* 

* 

* 

* 

* 

* 

* 

* 

where·you live; 

v1hat you pay for waste disposal now; 

where your disposal facility is located; 

how long the disposal facility has operated; 

how long the disposal facility will continue to operate; 

the extent of local regulation of the disposal facility and waste 
collection services; 

the methods used to charge facility users for the increased costs; and 

whether or 1-1hen the facility manager or local author1 ties began 
financial planning for the site's future." 

The Agency does not have the data needed to determine local cost changes f6r 
all sites. However, the Agency can make some general statements, with the 
understanding that specific local conditions may invalidate the generalizations. 

The Agency has developed a series of ideal-typical cost estimates that are 
based on assumed conditions at five landfill sites./ The cost estimates can be 
found in Appendix XVII. The assumed conditions cannot be found at any one site 
that is now operating. The assumptions are broadly representative of conditions 
that can be found at most Minnesota landfills. The estimates assumed that 
design criteria, site operations, financial management, etc. meet the standards 
set in the new rules. The table below presents the results of the ·estimating 
exercise. Costs are presented as unit tipping fees, i.e., dollars per cubic 
yard (c.y.). The table also presents the variables which induce different 
results and the conditions of those variables that cause high or low estimates. 



$11.80/c .y. 

Large 
Long 
Uniform 
Simple 
On-site 
Remote ' 
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ESTIMATE 

Tipping fee 

VARIABLES 

Acreage 
Remaining site life 
Geologic variability 
Hydrologic conditions 
Materials availability 
Location 
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$43. 20/c .y. 

Small 
Short 
Varied 
Complex 
Off-site 
Residential 

A "typical" Minnesota landfill site 1vill have a mix of these characteristics. 
The tipping fee needed to operate the "typical" site 1~ill likely fall somewhere 
near the middle.of the estimated range. It is very likely that new landfill 
facilities developed after the rules become effective will charge tipping fees 
in the lower half of the estimated range. Developers will have control over all 
important variables before site operations begin. This means developers will be 
able to hold down costs by exercising' care in ,site selection, facility design, 
operations, financial management, and so on. · 

Conversely, smaller-scale existing sites will very likely have to charge 
tipping fee's in the upper half of the estimated range. Operators of these sites 
will have less contra l over cos t-i ncreas i ng vari ab 1 es. They will have to accept 
the status of some va~iables and work on controlling costs through the variables 
that can _be changed. 

It is useful. to compare the estimated tipping fee range with existing 
landfill rates. Tipping fees in the· State nmv range from $1.50/c.y. to 
$10.00/c.y.; excluding sites that do not charge tipping fees. Analysis relating 
tipping fees to waste receipts finds that metropolitan region tipping fees 
average $4.12/c.y. and nonmetropolitan fees average $3.59/c.y. (These results 
derive from 1985 data. Informal reports indicate that tipping fees are 
increasing throughout the State.) Since the existing charges are included in 
the ideal-typical cost estimates, they should be deducted from the cost 
estimates _to arrive at one possible measure of the rules' impacts. This yields 
a new range of $7.68/c.y. to $39.61/c.y. 

We can make some fairly safe assumptions about aggregate values to arrive at 
further impact statements. Assume: 1) 10.5 million cubic yards of mixed 
municipal solid waste are sent to landfills for disposal, 2) the State's 
population is 4.3 million and 3) the State's population of households is 1.7 
million; The estimated ranges can be combined with these assumptions to yield 
statements of aggregate impacts: 



Annual cost per capita 
Annual cost per household 
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LOW 
$ 18.74 
$ 47.46 

HIGH 
$ 96.65 
$244.79 
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These values compare well with findings reported in the second part of this 
section, which presents a more technical analysis of the rules' economic 
impacts. That analysis considers impacts from a statewide perspective. That 
analysis found that the rules' initial annual financial impacts amount to about 
$29.00 per capita. It is worth noting that this.value derives from conservative 
(i.e., expensive) cost-estimating assumptions. It is also worth noting that the 
financial impact declines each year after the initial impact. Finally, bear in 
mind that these values aggregate over the total population. The estimates do 
not take into account the composition of the State's waste stream. Wastes can 
be separated into three very broad categories: industrial , commercial and>·:!· 
residential. All waste generators pay for disposal, so the new costs imposed 
will be distributed among industrial and commercial business firms and 

·households. This means that the annual costs estimated do not relate to 
expected impacts on households. These impacts will. depend on how costs are 
distributed among the three types of waste generators. 

The high values for per capita and per household costs appear very high. 
Recall that the ranges derive from ideal-typical cost estimates. Local 
conditions will have an important effect on final impacts. 

Moreover, if it appears that new costs will be unacceptably high, local 
permit holders still have some cost-minimizing steps they can take. Operational 
and planning changes can "scale back" a facility's level of business, thus 
extending the site's useful life, which also extends the payment period for some 
of the more costly capital expenses. Low-cost abatement measures (e.g., 
recycling, yard waste composting) can also be used to extend a site's useful 
life. As a final measure, if it appe,ars there is no way to bring cost down to 
acceptable levels, permit holders can close costly facilities and send waste to 
facilities that can more efficiently manage wastes. 

The proposed rules offer some measure of administrative relief from 
initially high costs. The effective dates of some of the more costly elements 
of the rules lag behind rule adoption. The financial assurance rules do not 
impose the largest part of their costs until a year after the rules are adopted. 
Final cover requirements will not, and liner requirements may not, apply at a 
site until 18 months after the rules are adopted. These lags allow perm1t 
holders time to plan and prepare for increased costs. The financial assurance 
rules include ability-to-pay tests that may allow some permit holders to extend 
the pay-in period for trust funds. The rules that relate to facility design and 
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ground water protection contain provisions that allow permit holders to 
establish site-specific standards. All of these considerations operate to 
mitigate the local financial impacts of the proposed rules. 

Analysis of economic impacts cannot be limited to a narrow investigation of 
costs. Thorough analysis must also consider: 1) the costs of alternative 
methods which can accomplish the same goals as the proposed rules, and 2) the 
benefits gained by the required expenditures. 

The main effect the rules will have on the solid waste management sector 
will be to raise the cost of land disposal. The rul.es will impact waste 
processing facilities, but not to the extent that they impact landfills. The 
trend of rising landfill costs is not limited to Minnesota. The National Solid 
Waste 1qanagement Association (NSWMA) has conducted national surveys of waste 
disposal facilities since 1982. The NSWMA surveys indicate a clear upward trend 
in landfill tipping fees across the nation. 

Year 

1982 
1983 
1984 
1985 
1986 

AVERAGE TIPPING FEES, 1982-1986 
($1 ton) 

Landfill 

$10.80 
$10.80 
$10.59 

. $11.93 
$1.3.43 

Resource Recovery 

$12.91 
$14.96 
$17.26 
$23.17 
$30.42 
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TIPPING FEE SURVEY- 1986- LANDFILLS AND TRANSFER STATIONSc_ 

Location 

ALABAMA 
Huntsville 
ARKANSAS 
Fayetteville 
Little Rock 
N. Little Rock 
CALIFORNIA 
Long Beach 
Los Angeles 
Richmond 
Sacramento 
San Diego 
San Francisco 
COLORADO 
Bounder 
Denver 
Denver 
CONNECTICUT 
Hartford 
DELAWARE 
Kent County 
New Castle County 
Sussex County 
DISTRICT OF COLUMBIA 
Lorton (Va.) 
FLORIDA 
B roward County 
Dade County 
Tampa 
GEORGIA 
Atlanta 
HAWAII 
Honolulu 
IOWA 
Des Moines 
IDAHO 
Boise 
ILLINOIS 
Bloomington 
Chicago 
Macomb 
Ottawa 

· Landfi 11 Fee 
($/ton) 

3.80 

9.00* 
12.50 
6.15*. 

7.00 
5.00 

18.00 
4.60 
8.00 

36.32 

6.00* 
6.00* 
9.00* 

15.18 

18.65 
32.84 
22.80 

10.00 

25.00 
27.00 
14.10 

9.75* 

11.00 

10.00 

2.70* 

8.25* 
10.95* 
4.50* 
9.60* 

Transfer Station 
($/ton) 

14.22 

14.00 

36.00 
35.90 

24.00 
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TIPPING FEE SURVEY - 1986 - LANDFILLS AND TRANSFER STATIONS (CONTINUED) 

Location 

INDIANA 
Fort Wayne 
Indianapolis 
KANSAS 
Wichita 
LOUISIANA 
Abbe vi 11 e 
New Orleans 
MAINE 
Biddeford 
MARYLAND 
Baltimore County 
Mongomery County 
Ocean City 
Prince Georges Count,y 
MASSACHUSETTS 
Haverhi 11 
Millbury 
MICHIGAN 
Detroit 
Lansing 
MINNESOTA 
Minneapolis 
St. Paul 
MISSOURI 
Kansas ,City 
St. Joseph 
St. Louis 
St. Louis 
NEBRASKA 
Lincoln 
NEVADA 
Las Vegas 
Las Vegas 
NEW JERSEY 
Burlington County 
Burlington County 
Cape May County 
Gloucester County 
NEW MEXICO 
Albuquerque 

Landfi 11 Fee 
($/ton) 

6.90* 
10.65* 

3.22 - 3.51* 

6.00* 
4.00 

no fee; tax supported 

30.00 

no·fee; tax supported 
25.00 

13.88 
no fee; tax supported 

5.25 
11.40 

19.00 

10.50 
2.07 - 6.66* 

13.50* 
20.00 

no fee; tax supported 

60.00* 

21.66 
29.13* 
29.80* 
28.53* 

12.60 

Transfer Station 
($/ton) 

38.00 

35.00 

7.50 
9.00 
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TIPPING FEE SURVEY - 1986 - LANDFILLS AND TRANSFER STATIONS (CONTINUED) 

Location 

NEW YORK 
Allegheny County 
Islip 
New York City 
Niagara Falls 
Niagara Falls 
Onondaga County 
Rochester 
Westchester County 
NORTH DAKOTA 
Bismark 
Bismark 
OHIO 
Akron 
Cincinnati 
Cleveland 
OKLAHOMA 
Tulsa 
PENNSYLVANIA 
Chester County 
Erie 
Northampton County 
Philadelphia 
Pittsburgh 
RHODE ISLAND 
Providence 
Wanli ck 
SOUTH CAROLINA 
Spartanburg County 
TENNESSEE 
Memphis 
Nashville 
TEXAS 
Clute ' 
Dallas 
San Antonio 
VIRGINIA 
Fairfax County 
Prince William County 
Richmond 
Suffolk 

Landfill Fee 
($/ton) 

16.30 
18.00 
35.25* 
9.50 

18.50 
13.50 
18.00 

7.50* 
5.40* 

9.00 - 9.75* 
7.80* 

37.27* 

12.75* 

20.00 
13.50* 
33.00 

8.25* 

13.00 

4.75 

4.50 
6.00 

10.50 
5.40* 

Transfer Station 
($/ton) 

52'.50* 

25.00 
43.75 

65.00 

26.00 

8.20 (7.35 for city's trash) 

16.75 16.75 
10.00 
19.00 
16.50 
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TIPPING FEE SURVEY - 1986 - LANDFILLS AND TRANSFER STATIONS (CONTINUED) 

Location 

WASHINGTON 
Bremerton 
WISCONSIN 
Green Bay 
Madison 
Germantown 

NATIONAL AVERAGE 

Landfill Fee 
($/ton) 

12.30 

8.50 
11.00 

12.75 - 19.50* 

$13.43 

Transfer Station 
($/ton) 

$28.26 

* Converted from cubic yards to tons at three cubic yards per ton. 
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·1986 TIPPING FEE SURVEY - RESOURCE RECOVERY PLANTS 

CONNECTICUT 
Windham 
FLORIDA 
Dade County 
Lakeland 
Pi nell as City 
IOWA 
Ames 
ILLINOIS 
Chicago 
MAINE 
Auburn 
MASSACHUSETTS 
Andover 
Pittsfield 
Saugus 
MINNESOTA 
Duluth 
MONTANA 
Livingston 
NEW YORK 
Albany 
Glen Cove 
Niagara Falls 
Westchester 
PENNSYLVANIA 
Harrisburg 
RHODE ·ISLAND 
Portsmouth 
TENNESSEE 
Sumner County 

Nash vi 11 e 
WISCONSIN 
Madison 

NATIONAL AVERAGE 

Tipping Fee ($/ton) 

25.50 ($30.00 for nonparticipating municipalities) 

27.00 
56.00 ($6.00 for city trucks) 
37.50 

18.00 ($5.00 per truck to city/county) 

No fee; tax supported (city trucks only) 

42.00 .~$29.00 to communities under contract) 

55.00 
20.00 ($13.50 to city) 
55.00 (less to communities under contract) 

17.75 

25.00 (city and county trucks only) 

15.00 (no charge to city) 
50.00 
15.00 
42.50 ($18.45 for county's residential waste) 

27.00 ($20.00 to communities under contract) 

/ 

No fee for city's residential waste; tax supported 

10.00 ($25.00 for municipalities with long-term 
contracts) 

25.00 (no charge to city) 

14.75 (no charge to city) 

$30.42 

* Co~verted from cubic yards to tons at three cubic yards per ton. 



ij 

February 23, 1988 

-680-

1986 TIPPING FEE SURVEY - REGIONAL AVERAGES (LANDFILLS) 

Landfills 

Northeast 
South 
Midwest 
West 
National Range 

Reference 139. 

Regional Averages 

$20.59 
$10.95 
$10.86 
$10.01 
$ 2.07 to $37.27 

Minnesota's ~rrent average tipping fees fit into the lower range of 
national costs. (To convert dollars per cubic yard into dollars per ton, 
multiply the cost per cubic yard by three.) The estimated changes that assume 
the proposed rules are adopted fit into the higher range of the survey. The 
difference between higher and lower landfill costs roughly follows a pattern of 
stringent environmental regulation and/or landfill capacity shortages. The 
higher costs tend to occur in the states with more comprehensive, detailed 
regulations and/or a shortage of landfill capacity. 

The NSWMA survey also shows that the estimated costs for Minnesota landfills 
are not far different from the resource recovery prices reported nationally. 
This condition of rough equivalence occurs in Minnesota also. Solid waste 
management plans and project feasibility studies indicate that waste processing 
facilities in the State will charge tipping fees in the range of $30.00/T to 
$50.00/T. 

These data do not support firm conclusions. The NSWMA survey is informal. 
It cannot be used as a statistically valid sample. The Minnesota data derive 
from plans and feasibility studies, not operating experience. Still, the data 
support a qualified conclusion that landfill rates will be able to compete with 
waste processing facility rates after the rules are adopted. 

The Agency does not propose these rules with the intent of making life hard 
for permit holders. The Agency believes the rules will yield benefits that 
offset the costs incurred. Considered broadly, the rules' benefits consist of 
minimizing potential hazards that threaten human health and the environment. 
This goal underlies all Agency rules. 

More specific descriptions of the rules' benefits focus on environmental 
media and solid waste system management. 

1. The rules concentrate on measures designed to prevent, mitigate or 
correct ground water contamination. Landfill design, bperation, 
closure, postclosure care and correc~ive action standards addr~ss this 



I .. February 23, 1988 

-681-

concern. Successful application of the rules will yield both 
environmental and economic benefits. 

2. The rules will produce further benefits to the extent that they prevent 
surface water contamination. 

3. Land pollution occurs through erosion and excessive settlement at 
landfill sites. The rules' design and operating standards address 
these problems. 

4. Mixed municipal solid waste decomposition can generate gases that have 
hazardous components. These gases become an environmental threat when· 
they escape through the landfill cover. Design standards address this 
probler.1. 

5. Site operating standards also address safety problems. Properly 
operated sites ~ill pose minimal risks from accident. 

6. Ttle rules are expected to improve facility risk management. Facility 
permit holders will be compelled to gather new information about their 
sites and about the wastes they receive. This new information will 
improve their knowledge of risk and should encourage them to manage 
facilities so that risks are minimized. 

7. The rules will require facility 01mers and opera tors and local 
officials to closely analyze facility costs. This careful analysis is 
expected to encourage the development of least-cost solid waste 
management. This will lead, in many cases, to rationalization of solid 
waste management systems along regional lines. 

Finally, the Agency believes the proposed rules will yield a more 
generalized set of benefits. These be~efits derive from the service people 
receive from qualitative improvements in natural resources. Such benefits are 
very hard to measure because all natural resource services are not traded in 
commercial markets. For example, an electrical power plant receives valuable 
service from natural systems when it discharges residuals (smoke, ash, hot, 
water) into the air, land and water. However, these activities decrease the 
services received by people who are affected by the diminished quality of the 
resources. 

In the first instance, these are the people who actually use the resources. 
Further removed, but still holding valid interest, are people who may use the 
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resources. Others have varied interests in resource quality, even though they 
are unlikely to derive any value-in~use from the resources. 

Past practice allowed industrial and commercial resource users virtually 
free use of resources. More recently, environmental regulation has added to the 
cost of .industrial and commercial natural resource use. Still, although 
i ndustr.i. a l and commercial users ·pay extra cost, they se l dam have to compensate 
directly the other people 1~ho have interests in resource quality. There is no 
market mechanism available to provide the interested groups with a way to make 
direct trades. There is no systematic, indirect measure of the value of 
environmental goods and services. This lack o~ independent valu~ measures often 
reduces debates on natural resource questions to loosely supported assertions of 
good motives and clean conscience. Extreme positions on one side hold that 
natural resources have value beyond price. In opposition, others claim that 
markets already make adequate provision for environmental costs. A host of 
intermediate positions are also heard. 

Economic theory provides a method kno~m as benefit-cost analysis as a way to 
account for nonmarket values. This analytical method defines competing values 
in commensurate (monetary) terrnsand compares benefits with costs. Activities 
that yield net benefits (benefits > costs) are preferred. Benefit-cost analysts 
continue to add to the list of nonmarket elements of environmental value: 

Value· Element 

Option value 

Bequest value 

Quasi-option value 

Vicarious consumption 

Altruism 

Stewardship 

Reference 140. 

Summary Definition 

demand for an "option" on a future opportunity 
to have direct, personal use of a resource 

demand for an ''option'' that accrues to future 
users (children, grandchildren, etc.) 

demand for preservation of genetic material 
and the opportunity of future use 

demand for knowledge that others are using 
resources 

ethically-based demand for enhancing the 
welfare of others 

demand for knowledge of the preservation of 
genetic diversity 

The value categories are not necessarily mutually exclusive. Determining 
exclusivity would require detailed analysis of operational definitions. The 
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point to note is that benefit-cost theorists have mapped the conceptual 
boundaries of nonmarket environmental values. Others have taken these 
theoretical constructs a step further and applied them to specific policy 
questions. Applied analyses have been used to develop quantitative estimates of 
selected environmental values. For example, one such study recently conducted 
in Minnesota found that people ''attach a substantial value to protecting aquatic 
resources from acid rain." Reference 141. This study identified environmental 
benef1ts as having recreational and nonrecreational components and assigned 
dollar values to these benefits. 

These kinds of nonmarket values will be affected by adoption of the proposed 
rules .. The rules will increase the nonmarket benefits that many current and 
potential resource users receive. The Agency believes these benefits will 
offset the costs incurred. This is not to say that benefits will outweigh 
incurred costs. Available data support no conclusion on the net economic 
benefits or costs of the proposed rules. Although costs can be estimated with 
acceptable accuracy, benefits defy quantification, particularly those benefits 
derived from ground water protection. Indeed, the Legislature has determined 
that: 

'' ... the waters of the state, because of their.abundant 
quantity and high natural quality, constitute a natural 
resource of immeasurable value . . . . " 

Minn. Stat.§ 115~063 (1986). 

Available data do support economic impact statements of a less grand nature. 
If the analysis is restricted to quantifiable values and if the analytical focus 
shifts from local conditions to the entire State economy, more definite findings 
of economic impact can be made. The following section presents an economic 
impact analysis conducted under constraints which limit the study to determinate 
and quantifiable variables. 

A. INTRODUCTION 

Minn. Stat. § 116.07, subd. 6 (1986) reads as follows: 

In exercising all its powers the pollution control 
agency shall give due consideration to the 
establishment, maintenance, operation and expansion of 
business, commerce, trade, industry, traffic, and other 
economic. factors and other material matters affecting 
the feasibility and practicability of any proposed 
action, including, but not limited to, the burden on a 
municipality of any tax which may result therefrom,. 

.. ; 

...... 
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and· shall take or provide for such action as may be 
reasonable, feasible and practical under the 
circumstances. 

February 23, 1988 

That law has general applicability to all actions of the Agency. In the 
rulemaking context, this statute has been interpreted by the Agency to mean 
that, in determining whether to adopt proposed rules' or amendments, the Agency 
must consider, among other evidence, the impact wllich economic factors may hav.e 
on the feasibility and practicability of the proposed rules or amendments. In 
Finding No. 4 of the Agency's Findings of Fact and Conclusions In the Matter of 
the Proposed Revision to Minn. Rule APC 1, 6 MCAR § 4.0001, Relating to Ambient 
Air Quality Standards, the Agency discussed the requirements of Minn. Stat. 
§ 116.07, subd. 6 as follows: 

In order for the Agency to duly consider economic factors when it 
determines whetl1er to adopt the amendments to Minn. Rule APC 1, the 
record upon which the Agency will make its determination must include 
data on the economic impacts of those amendments. These economic 
impacts, hm<ever, need not be quantified 1vith absolute certainty in 
order to be considered. Further, these economic impacts may include 
costs other than tile cost_ of complying with a proposed rule. For 
instance, material losses, crop losses, health costs, and impacts on 
tourism are also economic factors that should be duly considered by the 
Agency in determining whether to adopt the amendments to Minn. Rule 
APC 1. . 

Responsible public policy decisions must weigh the values of competing 
goals. The statute and administrative interpretation cited above demonstrate 
recognition by the Legislature and the Agency that policy choices must take many 
goals into account and proceed on a systematic basis. Budget constraints in all 
economic sectors and at all levels require decision makers to choose among 
programs and projects that compete for scarce budget resources. 

A community uses a variety of resources to advance its preferred policies. 
Money is the most readily available and quantifiable of these community 
resources. Economic factors provide a ready measure of the analytical basis for 
policy decisions. This is not to say that other values do not or should not 
influence decisions. Rather, an analytical base defined in monetary terms can 
be used to make competing values commensurate. 

Consider an example in which policy makers must choose between development 
projects, Oberon and Titania, which are to be located in two different regions. 
Assume that estimates show both projects will yield positive net returns and 
that project Oberon will provide the highest return. Policy makers should 
choose Oberon, if all other things remain equal. However, ·make a further 
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assumption that Ob~ron will be located in a thriving region (e.g., Athens) and 
Titania will be located in a depressed region (e.g., Sparta). If eas.ing the 
depressed region's troubles is an established policy goal, policy makers may 
have reason to choose Titania over Oberon. The difference between the net 
returns for the projects becomes a measure of the value policy makers place on 
regional development problems. This difference can also serve as a benchmark 
for judging the performance of alternative regional development plans. This 
procedure allows an explicit statement of values that are often hidden or given 
disproportionate weight because they are not held to a very stringent burden of 
proof. 

Economic impact analysis may proceed from a number of different bases. The 
analyst's first proble~ is to define properly the limits of the analysis. 
Consider, for example, the problem a business management analyst confronts in 
deciding whether to make a capital purchase. Assume that the unit in question 
is a machine. The analyst will first have to determine what the machine will 
cost. This calculation must include not just the purchase price, but also 
operating costs, maintenance costs and salvage values. The analyst will compare 
this cost with current production costs and estimates of the costs implicit in 
other machines or production methods. The important point to note here is that 
the equipment purchase decision usually depends on factors limited to the plant 
or the production line. These are internal factors over which the firm holds 
significant control. Special conditions can require broader analysis, but the 
general limits described usually hold true. 

Now consider what happens if the problem changes and the question is whether 
to build a new plant. This introduces a new set of external factors which are 
often beyond the firm's control. The analyst is now concerned with questions 
whose answers are not found in the firm's financial statements. If the project 
is very large, the analyst must consider the effects a new plant will have on 
demand for the firm's products and on demand for input materials. Local 
community factors begin to matter also -- labor force quality, cost and 
mobility, transportation networks, zoning ordinances, educational systems, etc. 

The larger question compels the analyst to expand the limits of study beyond 
the data available in a single firm's accounting system. The Agency's 
legislative directive cited above also requires analysis of impacts broader than 
those felt by an individual firm, or even a group of firms. The analytical 
limits implied must include, at least, the entire State·and all of its economic 
sectors. We will find that some parts of the analysis will reach beyond the 
State's borders. 

The limits imposed on economic analysis apply to more than just geographic 
boundaries. The analyst must also limit the·number of factors that will be 
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considered to the ones that will matter most. Economic change, like any other 
social change, has widesprea~ effects. If the analyst chooses, analytical 
limits can be expanded until the original issue is lost in the broad sweep of 
global events. For example, the Brazilian soybean harvest influences grain 
prices worldwide. These prices, in turn, affect farm income. This does not 
mean that a budget analyst working in the Corn Belt must include South Amerfcan 
climatological data in a budget forecast model. Again, the analysis must be. 
limited so that it is kept relevant and manageable. 

The statutory directive cited above rather clearly requires that the present 
analysis be limited to factors that have determinate, though not necessarily 
quantifiable, economic impacts. This analysis does not cover the full range of 
effects that will result from the changes proposed for the State's solid w~ste 
management system. For example, other sections of this document have discussed 
physical effects. The ·administrative implications of the rules are implicit 
throughout the document. A concerted effort could likely develop a list of 
dozens of other factors associated with the proposed. rules as either direct or 
indirect causes or effects. However, reasonable analysis must recognize the 
constraints imposed by data and resource limitations. This is why the present 
applied analysis strictly follows the statutory guidelines and considers only 
determinate economic impacts. 

The remainder of this part is organized in sections that proceed from a 
general description of the forecasting/simulation model through more detailed 
treatments of applications and findings. Section B provides a conceptual 
description of the methodology used in this analysis. Section C describes the 
steps the Agency took in defining the variables to use in simulating the impact 
of the proposed rules; Section D presents estimated costs and their pattern of 
distribution among selected economic sectors. Section E presents the results of 
the simulation and the Agency's conclusions. 

B. CONCEPTUAL DESCRIPTION OF ANALYTICAL METHODS 

This analysis covers a rather broad range of factors, given the constraints 
described above. A statistical model of Minnesota's economy makes this 
possible. The Department of Revenue and other State agencies use thi1s Minnesota 
Forecasting and Simulation Model (MNFS-53) to describe the economic effects of 
proposed projects, laws and rules. This model derives its findings by solving a 
set of equations that describe the interrelated activities of a local economy. 
Reference 142. It will prove useful to describe, in general terms, the model's 
basic structure. Appendix XVIII is provided for readers interested in a more 
technical description of the MNFS-53 model. 
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The model can best be understood as a series of linkages. For example, one 
factor of primary concern in this analysis, employment, is linked to a series of 
other factors (e.g., local and external wage rates, local and external demand, 
and local and external production costs). Three groups of linkages comprise the 
model's basic structure. 

Demand and Supply Linkages 
Local and external demand determine gross regional output. This means that 

a region's production of goods and services depends on the strength of 
consumers' desires for those goods and services. The model takes into account 
the goods and services each economic sector demands from all other sectors. 
These sectoral demands are further subdivided into the familiar elements of 
general equilibrium analysis: consumption, investment, government spending and 
the net of exports less imports. An accountant's presentation of gross output 
for each sector would look like this: 

1. Total consumption demand for the sector's 
goods and services. + c 

2. Total investment demand for the sector's 
goods and services. + 

3. Total government spending on the sector's 
goods and services. + G 

4. Total exports of the sector's goods and 
services. + Ex 

5. Total imports of the sector's goods and 
services. - Im 

TOTAL SECTORAL OUTPUT y 

Cost Linkages 
The costs (or prices) of goods and services have important effects on supply 

and demand. Every good and service competes with all other goods and services 
for a share of the consumer's budget. If all other things remain equal and a 
product's price goes up, consumers will demand less of the product. They will 
either find a preferable alternative supply or they will make do with less. The 
availability (relative cost) of alternatives and the strength (elasticity) of 
demand also matter. 

Cost considerations matter because policy makers are often concerned with 
factors that go beyond total output. They want to know what changes in tot~l 

output mean in terms of investment and employment outcomes. For example, 
increases in labor costs (e.g., payroll taxes) often mean that employers will 

' . 
~· . 
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substitute capital for labor. 
The MNFS-53 incorporates these influences through the use of the 

Cobb-Douglas production function. Business firms employ factors of production 
(e.g., labor and capital).in the activities of making goods and providing 
services. The amount of each factor a firm hires depends on factor costs and 
the strength of demand for the firm's output. Tt1e variables in the f1INFS-53 
production functions include: sectoral demand, the relationship of local wage 
rates to national wage rates, the relative cost of capital, fuel costs, and the 
output/employment ratio. Production values further depend on relationships 
determined within the MNFS-53 that are referred to as regional purchase 
coefficients (RPC). The RPC measures the amount of total sectoral demand that 
is satisfied by local output. Local production depends on: production costs 
relative to the rest of the nation, local industry gro~1th trends and the 
strength of sectoral export demand. 

Wage Determination Linkages 
Labor wage rates have a strong influence on relative factor costs. The 

MNFS-53 includes a separate set of equations that is used to determine wage 
rates. The MNFS-53 calculates ~1age rates for each industrial sector, depending 
on: wages for each occupation a 1 group 1;i thin the indus try (weighted by each 
occuption's share of ind,:,i_.r·.;' •11,:-_.1~ ·':),local trends and wage factors not 
related to occupational supply and demand. Local wages for occupational groups 
depend on: demand for labor in that occupation, population, and a wage growth 
factor that takes into account current and past wages. 

The linkages describe the framework of t_he MNFS-53 and relate this framework 
to conventional economic theory. The next step is to make this framework 
operational. Survey data are compiled so that they can be manipulated within 
the MNFS equation system. 

National data compiled by federal agencies provide the basic data for the 
model. Table 9 presents a list of the model's data sources. Input-output (I-0) 
tables, developed by the U.S. Commerce Department's Bureau of Economic Analysis 
(BEA), provide structure for the model of a local economy. The I-0 tables 
present an information series on the way national economic sectors relate to 
each other. 



Data Source 

Census of Transport, 1977 
Commodity Transportation Survey 
Bureau of the Census 
( CTS) . 
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TABLE 9 

DATA SOURCES 

Regional Economic Information System 
Bureau of Econo~ic Analysis 
Dept. of Commerce 
(BEA) 

County Business Patterns 
Bureau of the Census 
U.S. Dept. of Commerce 
(CBP) 

496 - Industry Input-Output 
Tables for the U.S., 1972 
Interindustry Economics Division 
Bureau of Economic Analysis 
(BEA/IO) 

Bureau of Labor Statistics 
history U.S. Dept. of Labor 
( BLS) 
forecast 

Survey of Current Business 
BEA -
(SCB) 

1977 Inforum Interindustry Table 
Interindustry Forecasting at the 
Univ. of ~laryland 
Dept. of Economics 
College Park, MD 
( INFORUM) 

February 23, 1988 

Use 

percent shipped wtthin 
state for RPC estimation 

employment, wage, and 
personal income data U.S. 
1967-1983 

employment and wage data 
1977 

1977 Input/Out Matrix 

U.S. 3-digit employment 
1967-83 

U.S. 3-digit employment 

1983-95: low, moderate, 
high occupation proportions 
by industry 

U.S.: consumer price index, 
investment series Dept. of 
Commerce 

1977 Input/Output Matrix 

'•' 

•., 
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TABLE 9 (CONTINUED) 

DATA SOURCES 

Data Source 

Current Population Survey 
Bureau of the Census 
U.S. Dept. of Commerce 
(CPS) 

DOE/HBB-0029 
Vol . 1 of 2 
State Energy Price System 
Vol 1: Overview & Technical 
Documentation, Nov. 1982 
Energy Information Administration 
Office of Energy Markets & End Use 
U.S. DOE 

1977 Census of Manufacturers 
Bureau of Census 
U.S. Dept. of Commerce 
(COM) 

Philadelphia Regional Input-Output 
Study 
Working Papers 
Volumes III & IV 
T.W. Langford, Jr. & W. Isard 
Dept. of Regional Science, 
Wharton School, Univ. of Penn. 
and 
RSRI Published by RSRI 
(RSRI/IO) 

Consumer Expenditure Survey 
Diary Survey - July 1972, June 1974 
Interview Survey - 1972, 1973 

Bureau of Labor Statistics 
U.S. Department of Labor 
( CES) 

Use 

micro data on individuals 
for wage determination 
estimation 

relative fuel costs 

fuel weights 
capital weights 

wholesale and retail 
sector detail in 
input/output table 

relative consumption vector, 
and household consumption 
coefficients 
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TABLE 9 (CONTINUED) 

DATA SOURCES 

Data Source 

Basic Regional Input-Output for 
Transportation Import Analysis, 
Handbook One of Regional Economic 
Analysis for Transportation Planning 
Prepared under Project 8-15A 
National Cooperative Highway Research 
Program, National Academy of Sciences 
July 1982 
RSRI, 256 N. Pleasant St. 
Amherst, MA 01001 

Census of Government 
Governmental Finances 
Bureau of the Census 
U.S. Department of Commerce 
(COG) 

Data Resources, Inc. 

Reference 143. 

· February 23, 1988 

Use 

household consumption 
coefficients 

corporate profit tax rates 
and property tax rates 

U.S. history and forecast 

An economy, like a natural system, consists of identifiable groups that 
interact in complex and dynamic ways. Business ffrms, nonprofit organizations 
and governments produce goods and services (supplies) to meet the consumption 
needs (demands) of people and their organizations. A firm's output can satisfy 
final demand ~e.g., groceries) or intermediate dem~nd (e.g., paper stock), in 
which case the product is used to produce new goods or services. 

Each economic sector in the I-0 tables relates to every other sector in a 
way that is based on the resources it demands from other sectors in the form of 
goods and services. Likewise, each sector supplies some part of its final. 
product to all other sectors and to final consumer demand. The strength of 
these interdependencies varies, depending on the specific relationship in 
question. 

An example will help explain the workings of the I-0 table: 

'' 



Agriculture 
Manufacturing 
Services 

Value Added 

Reference 144. 

Agric. 

60 
40 
10 

90 
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HYPOTHETICAL I-0 TABLE 
Mfg. Svcs. Final Demand Gross Output 

60 
25 
70 

80 

20 
90 
55 

75 

60 
80 

105 

245 

200 
235 
240 

The values in th~ rows indicate the units of output ffom one sector that 
provide intermediate inputs for itself, other sectors and finished goods and 
services for final consumers. The service sector described in the table 
provides 10 units to agriculture, 70 units to manufacturing, 55 units to itself 
and 105 units to final demand. This adds up to a total of 240 units, which is 
referred to as gross output. The column values present the demands made by 
each sector and the value added produced in each sector. The service sector 
purchases (demands) 20 units of agricultural output, 90 units of manufacturing 
output and 55 units of its own output. Value added is the measure of the extra 
value economic activity within a sector has added to the inputs it purchases. 
Notice that value added is equal to gross output less the sum of the inputs 
demanded by the sector. Thus, value added for the service sector is 
240 - (20 + 90 + 55) = 75. 

This example is kept simple for instructive purposes. The I-0 table used 
for the MNFS-53 consists of nearly 500 economic sectors. The value of the I-0 
table for this. analysis is that any change induced in one sector has effects in 
all other sectors. This feature means that the MNFS-53 methodology provides a 
comprehensive 11ay to meet the statutory directive to consider "the 
establishment, maintenance, operation and expansion of business, commerce, 
trade, industry, traffic and other economic factors and other material matters 
affecting the feasibility and practicability of any proposed action .... " 
The MNFS-53 methodology also takes into account the relative strengths of 
inter-sectoral impacts, which depend on the extent to which sectors rely on 
other sectors for productive inputs or economic demand. Thus, changes induced 
in one specific sector will have only slight effects on another sector that 
either demands little of the changed sector's output or supplies few of the 
changed sector's inputs.· Conversely, a heavily-dependent sector will be 
strongly affected by induced changes. 

A series of calibration and "bridging" adjustments reconcile the data from 
the I-0 tables and a number of other sources. These other sources are used for 
two reasons. First, the other surveys are more recent than the benchmark I-0 
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study. Including the later surveys' data in the model provides the model with 
more current information. Second, many of the other surveys contain regional 
data. These data provide the means (RPCs) to translate a national economic 
model into a model that describes the economy of an individual state. 

The MNFS-53 provides a wide array of outputs,·including the areas of 
legislative concern. Forecasts are extended to the year 1995. Output tables 
can be made very brief·or quite detailed. The data available from 
intermediate-level tables include: 

1. Employment data (by sectors): 

Manufacturing 
Durables 
Nondurables 

Nonmanufacturing 
r~i n i ng 
Construction 
Transportation and Public Utilities 
Finance, lnsurance and Real Estate 
Retail trade 
Wholesale trade 
Services 
Agricultural, Forestry and Fisheries services 

Government 
State and 1 ocal 
Federal, civilian 
Federal, military 

Farm employment 
Total employment 
Population 

2. Income data: 

Wage and Salary disbursements 
Proprietors' income 
Other labor income 
Total labor and proprietary income: 

less social insurance 
plus residential adjustments 
plus dividend, interest and rents 
plus transfer payments 

Total personal income: 
less taxes 

Disposable personal income 
Price index, personal consumption expenditures 
Real disposable personal income (1977 base year) 
Sources of income: 
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Manufacturing 
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Nonmanufacturing 
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Construction 
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Transportation and Public Utilities 
Finance, Insurance and Real Estate 
Retail trade 
Wholesale trade 
Services 
Agricultural, Forestry and Fisheries services 

Government 

Farm 

State and local 
Federal, civilian 
Federal, military 

3. Gross Regional Product (GRP), by final demand: 

Total consumption: 
Autos and parts 
Furniture and household equipment 
Other durables 
Food qnd beverages 
Clothing and shoes 
Gasoline and oil 
Fuel oi 1 and coal 
Other nondurables 
Housing 
Household operations 
Transportation 
Health services 
Other services 

Total .fixed investment: 
Residential 
Nonresidential 
Productive, durable equipment 

Current business inventories 
Government: 

Federal, military 
Federal, civilian 
State and local, education 
State and local, health & welfare 
State and local, safety 
State and local, misc. 

Total exports 
Total imports 
Total GRP, by value added: 

February 23, 1988 
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Some examples will illustrate how the simulation model is used. Consider a 
proposal to increase income taxes. The amount of the increase would be 
inttoduced into the model through a.single policy variable, ''Personal Taxes." 
The 1ikely effects of this change would include a decrease in statewide demand 
leading to lower employment and income. Consider another example under which a 
large manufacturer proposes to build a new plant in the State. This change 
could be introduced through initial increases in demand for construction 
services, followed by employment incre?ses in the manufacturer's sector. 
Appendix XIX provides an annotated list of the policy variables used to simulate 
changes and includes, in the special translation policy variable section, a full 
list of the model's economic sectors in which changes can be induced. Note that 
the sectoral list covers completely the areas described in the statutory 
directive that requires the Agency to develop this analysis. 

The actual simulation of proposed changes is a three-step process. First, 
the economic model generates a ''control forecast." Next, policy variables are 
changed to simulate the implementation of the proposal in question and the model 
is run under the changed conditions. This yields a "simulation forecast." 
Finally, the model presents the difference between the control forecast and the 
simulation forecast. This last value measures the impact of the simulated 
changes. Figure 12 illustrates the proce~s. 

., 

. ' 
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The difference between the simulation forecast and the control forecast 
estimates the impact of the proposed change on statewide employment. 

The MNFS-5.3 has been used effectively by the i~innesota Department of Revenue 
and by other State agencies. The basic model has alia been adapted for use in 
other states, where it has received favorable evaluations. See Appendix XX. 
The model's comprehensive scope and interactive operations suit it very well to 
the analysis of economic impacts required by statute. 

C. APPLICATIONS: VARIABLES CHOSEN TO SIMULATE THE IMPACT OF THE RULES 

The simulation of the economic impact of the proposed rules proceeds in four 
stages. First, the basic MNFS-53 control forecast is considered as 
representative of conditions that existed before the process of upgrad~ng 
facility permits began in 1981. This is because the changes induced by the 
upgraded permits began to have effect in 1984. The time between 1981 and 1984 
was taken up with administrative reviews, investigations and negotiations. 
Since some of the basic national and regional surveys used to develop the model 
were conducted before 1984, the impacts of the permit upgrade process could not 
possibly be included in the control forecast. 

The next stage of the simulation develops an estimate of the impacts of the 
permit upgrade process. This analysis balances the program's impacts among 
economic sectors. Resources diverted from one sector must be fully expended in 
other sectors. This means that the rules are simulated as a series of charges 
and revenues. A charge to one economic sector is balanced by revenues received 
in another sector. 

Most of the charges remain in Minnesota. This requires some adjustment of 
the basic simulation model. The model's normal operations take interstate 
trade into account. The RPCs described above direct flows of goods and services 
to interstate trade. Experience derived from economic surveys determines the 
proportion of goods and services that remain in the State and the proportion of 
total demand that is satisfied by imports. 

The Agency's experience with the State's solid waste management sector 
indicates that most of the primary economic impacts of the rules will remain in 

' the State. Most solid waste management systems are local or, at most, 
sub-regional. There is narrative evidence that some Minnesota waste is taken to 
neighboring states. This diversion is now only about three percent of the 
State's total waste stream. Moreover, the diversion is not likely to continue, 
as local governments develop effective control of local waste streams and 
neighboring states increase solid waste regulatory efforts. 

Most solid waste management facilities are owned by local governments or 

... 
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local private business firms. The contractors who provide services to the solid 
waste management sector (engineering, construction, laboratory services, etc.) 
are also Minnesota businesses, for the most part. The only major sector that 
will likely involve non-Minnesota firms is the financial sector, which is 
impacted through the financial requirements of upgraded permits and the new 
rules. Trustees and banks will hold in reserve funds dedicated to long-term 
care at solid waste facilities. These intermediaries will likely participate in 
national investment markets. The rules do not restrict investment policies 
beyond the constraints placed on trustees by the prudent man rule. 

The first simulation considers most of the primary impacts of the permit 
upgrade program and the rules as local impacts. The simulation does not 
suppress changes in interstate trade that result from secondary impacts. These 
impacts will occur in sectors outside solid waste management. Their normal 
balance of intra- and interstate trade should not be changed. The sectors that 
experience secondary impacts are unlikely to buy waste disposal services from 
outside their local service area. However, interstate trade in these sectors 
could be affected as solid waste management costs increase. 

Fifty-three economic sectors comprise the model of the state economy. These 
sectors correspond roughly to the two-digit level of the Standard Industrial 
Classification (SIC) codes. Table 10 below lists the sectoral classes the 
MNFS-53 uses. 
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TABLE 10 

DETAILED SECTORS USED IN THE MNFS-53 MODEL 

MANUFACTURING 

1. Durab 1 e 
( 1 ) 
( 2) 
(3) 
( 4) 
(5) 
( 6) 
(7) 
( 8) 
(9) 
( 10) 
( 11) 

Goods 
Lumber and wood products 
Furniture and fixtures 
Stone, clay, and glass products 
Primary metal industries 
Fabricated metal products 
Nonelectrical machinery 
Electric and electronic equipment 
Motor vehicles and equipment 
Transportation equipment except motor vehicles 
Instruments and related products 
Miscellaneous manufacturing industries 

2. Nondurable Goods 
(1il Food and kindred products 
(13) Tobacco manufacturing 
(14) Textile mill products 
(15) Apparel and other textile products 
(16) Paper and allied products 
(17) Printing and publishing 
( 18) Chemica 1 and a 11 i ed products 
(19) Petroleum and coal products 
(20) Rubber and miscellaneous plastics products 
(21) Leather and leather products 

PRIVATE NONMANUFACTURING 

3. t>lining 
(22) Mining 

4. Construction 
(23) Construction 

5. Transportation and Public Utilities 
(24) Railroad t~ansportation 
(25) Trucking and warehousing 
(26) Local and interurban passenger transit 
(27) Air transportation 
(28) Other transportation and transportation services 
(29) Communication 
(30) Electric, gas, and sanitary services 

, .. 
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TABLE 10 (CONTINUED) 

DETAILED SECTORS USED IN THE MNFS-53 MODEL 

6. Finance, Insurance, and Real Estate 
(31) Banking 
( 32) Insurance 
(33) Brokers, credit, and other investment 
(34) Real estate 

7. Ret a i 1 Trade 
(35) Eating and drinking places 
(36) Other retail trade 

8. Wholesale Trade 
(37) Wholesale trade 

9. Services 
(38) Hotels and other lodging places 
(39) Personal and repair services 
(40) Private households 
(41) Auto repair, services, and garages 
(42) Miscellaneous business services 

February 23, 1988 

(43) Amusement and recreation services not elsewhere classified 
(44) Motion pictures 
(45) r~edical and other health services 
( 46) Legal and miscellaneous services 
(48) Nonprofit membership organizations and museums 

10. Agricultural Services, Forestry, Fisheries, and Other 
(49) Agricultural services, forestry, fisheries, and other 

GOVERNMENT 

11. State and Local 
(50) State and Local 

12. Federal, Civilian 
(51) Federal, civilian 

13. Federal, Military 
(52) Federal, military 

FARM 

14. Farm 
(53) Farm 
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Some further aggregation was needed to get correspondence between the 
53-sector MNFS-53 list and the nearly 90-sector two-digit SIC list. Table 11 
describes the sectors chosen to simulate the impact of the permit upgrade 
program and the proposed rules. 
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TABLE 11 

SERVICE REQUIRED 

IMPACTED SECTORS 

SECTOR SIC (MNFS) 
•• 0 0 • 0 0 • 0 t 0 •• 0 •• 0 •••••••••••••• 0 ••••••••••••••••••• 0 0 0 0 • 0 ••• 0 ••• 0 • 0 0 • 0 0 • 0 •• 

Engineering services: design, 
planning, cost estimates, etc. 

Hydrogeologic studies 

Ground water monitoring system 
installation 

Added solid waste management 
services: training,· industrial 
waste management, reporting to 
regulatory agency 

Operation of ground water 
protection systems: sampling, 
testing, QA/QC 

Site development: installation of 
liner systems, leachate collec
tion systems, gas systems 

Financial intermediation 

Leachate collection and treatment 
(annual O&M) 

Corrective actions at waste 
disposal facilities 

Final cover at waste disposal 
sites 

Postclosure care: inspections, 
sampling, laboratory tests, 
reporting 

Management of alternative waste 
disposal sites 

Transport cost increases 

Misc. Professional Svc. 8911 (614/646) 
(MPS) 

Construction 

Landfills 
or 

· MPS 

Landfills 
or 

MPS 

Landfills 
or 

Construction 

Banking 

Landfills & 
Munic. trt. facils. 

Landfills, 
MPS or 
Construction 

Landfills 
or 

Construction 

Landfills 
or 

MPS 

Waste processing 
facilities 

Waste collection 

8911 ( 614/646) 

1781 (591/623) 

4953 (598/630) 

8911 ( 614/646) 

4953 (598/630) 

8911 (614/646) 

4953 (598/630) 

1629 (591/623) 

6025 (599/631) 
(DEMPOL) 

4953 (598/630) 

4953 (598/630) 
8911 ( 614/646) 
1629 (591/623) 

4953 (598/630) 

1629 (591/623) 

4953 (598/630) 

8911 ( 614/646) 

4953 (598/630) 

4953 (598/630) 
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' The sectors listed in the table above are the sectors that are expected to 
do the work the proposed rules will require of permittees. The activities 
listed are assumed to be paid for through increases in facility charges. In 
some cases, the>owner or operator will perform the work, so that resources taken 
from this sector as costs are returned to this sector as revenues. Other 
conditions will require the permittee to hire someone else to do the required 
work, just as permittees now hire engineering firms and laboratories to carry 
out some of their responsibilities. 

The next stage of the simulation describes the impact of the proposed rules. 
Administration of the new rules will require staff increases in the Agency. The 
need arises from the added responsibiliti'es place~ on permittees to report site 
conditions and to design and operate facilities in a different, more complex, 
manner. The Agency 1~ill require more p~ople to oversee the expanded facility 
activity. The cost of adding to the Agency staff is simulated through a tax 
increase, the likeliest source of funding, all other things being equal. These 
costs are returned to the system through increases in a policy variable 
representing final demand from state and local government. These increases in 
demand are then distributed throughout the economy according to proportions 
observed in past surveys. The simulation induces changes in the sectors 
described in the table above. These changes reflect provisions of the rules 
that are not accounted for in tile simulation of the permit upgrade program. For 
example, the permit upgrade program covers only mixed municipal solid waste land 
disposal facilities. All of the ne1~ rules' impacts on alternative facilities 
are included in this second simulation. Likewise, the second sim~lation 
includes financial assurance provisions which are now excluded from the permit 
upgrade program. Finally, the analysis compares the results of the two 
simulations with the values of the control forecast. This comparison yields the 
values that measure the impact of the proposed rules. Figure 13 presents a 
graphic demonstration of the measure. 
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The final statement of the rules' impacts.includes both.upgraded permits and 
new rules, since the proposed rules contain p~o~isioris that are now written in 
the upgraded permits. 

D. DISTRIBUTION OF THE IMPACTS: COSTS 

Recall that the analysis assumes that money is conserved. Costs incurred in 
one sector are balanced by revenues received in another sector. Most charges 
are incurred in the solid waste management sector. Table 12 describes how the 
charges to the solid waste management sector are.distributed as revenues. 
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TABLE 12 

COST CATEGORY 

CAPITAL ELEMENTS: 

COSTS INCURRED AND SECTORS IMPACTED 

IMPACTED SECTORS 

1. Closed sites: 
. a. upgrade monitoring 

systems: · 
water 

gas 

b. install final cover 

c. engineering costs 

2. Operating sites: 
a. begin hydrogeological 

studies 

b. install liners 

c. install monitoring 
system 

d. corrective actions 

e. land 

f. engineering costs 

ANNUAL ELEMENTS: 

1. Closed sites: 
Postclosure care 

Construction 
Misc. Professional 

Services (~1PS) 

Construction 
Landfills 

Construction 
Landfills 

MPS 

MPS 

Construction 
Landfills 

Construction 
Landfills 

MPS 
Construction 
Landfills 

Landfills 

MPS 

f~PS 
Landfills 

February 23, 1988 

SECTORAL SHARE 

.5 

.5 

.5 

.5 

.5 

.5 

.5' 

.5 

.5 

.5 

.333 

.333 

.333 

.5 

.5 
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TABLE 12 (CONTINUED) 

COSTS INCURRED AND SECTORS IMPACTED 

COST CATEGORY IMPACTED SECTORS 

2. Operating sites: 
a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

ground water sampling 

gas sampling 

cover (not fin a 1 ) 

training 

industrial waste mgmt. 

leachate treatment 

liner maintenance 

leachate testing 

financial assurance: 

corrective actions 

alternative sites 
(composite) 

MPS 

Landfills 

Landfills 

Landfills 

Landfills 
MPS 

Landfills 
Water utilities 

Landfills 

MPS 

Banking 

MPS 
Construction 
Landfills 

Waste prqcessing 

3. Administrative costs to State Government demand 

February 23, 1988 

SECTORAL SHARE 

. 5 

.5 

.5 

.5 

.333 

.333 

.333 

The unit cost estimates are derived from a combination of re~uired design 
criteria and the experience of local contractors, equipment suppliers and permit 
reviewers. The estimates are average values. They should not be considered as 
valid for any specific site. The estimates are more like a relationship between 
two aggregates: one, the total costs incurred at all sites under a given 
category and, two, the total number of units involved for all sites. 

The Agency assumes a conservative oias in its estimation of unit costs .. 
That is, given a reasonable choice between higher and lower values, the 
estimates assume the higher value. This prudent measure ensures that the 
estimate of the rules' economic impacts is not minimized. 

The costs will likely be incurred at different rates at different sites. 
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This requires some assumptions about rates and schedules so that the analysis 
can be kept manageable. Table 13 presents the scheduling assumptions that 
inform the analysis. 

TABLE 13 

RATES OF COST INCIDENCE 

ACTIVITY 

Engineering services 

SCHEDULE 

Incurred whenever there is a 
construction activity (e.g., well 
installation, site development). 

Hydrogeologic studies *All needed projects have begun by 1990; 
and are completed by 1992; costs are 
evenly distributed over this period. 

Ground water system in!sta'Ha'·tion This construction activity is the last 
part of the hydrogeologic study; it 
occurs during the last phase of the 
two-year study. 

Additional solid waste 
management responsibi Hti'e·s 

Operations of ground ~~a'ter 
protection systems 

Site development 
(capital elements) 

Financial intermediation 

These activities begin when the rules 
take effect and are incurred by all 
sites operating at this time. 

Costs are first incurred in 1988 
for the sites that have systems. 
Costs begin after installation for 
all other sites. 

For sites closing within 18 months, 
gas system installation costs are 
incurred in 1989. 
For all other sites: 

some begin development work in 
1988 (metropolitan sites and 25% of 
nonmetropolitan sites). 
the 75% remaining Nonmetro 
sites begin development work in 
1989. 

Charges are incurred for all operating 
sites one year after the rules take 
effect. 

* Hydrogeologic study projects begin at some sites in 1988. Projects are· 
scheduled only for the sites that require·study. 
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TABLE 13 (CONTINUED) 

RATES OF COST INCIDENCE 

ACTIVITY 

Leachate collection and treatment 
(operating elements) 

Cover: a) operational 

b) final 

Postclosure care 

Corrective actions 

SCHEDULE 

Costs are incurred one year after 
installation of new design features. 

Phased cover operations begin in 
1988 for all sites. 

- Costs are incurred in the year of 
the scheduled closure date. 

Costs are first incurred in the year 
of scheduled closure and continue for 
20 years afterward. 

* 

* The matter of developing an estimate for corrective action costs is 
complicated. These costs are simply not predictable by any analytical means 
other than application of random chance. The Agency chose instead to schedule 
these costs, with the expectation that some sites would require corrective 
action throughout the period analyzed. The schedule was developed in the 
following manner: 

Forty-seven sites are now on the Superfund list. They 
can be categorized in terms of the extent to 1~hich th~y've 
completed the process: 

1. Some sites have scored high, completed (two-year) 
RI/FS projects and begun remedial work. 

2. The next set of sites have started the RI/FS 
projects, but not completed them. 

3. The next set have gotten scores high enough to 
make the list, but the Agency hasn't begun 
administrative· action. 

4. When all these possibilities are exhausted, the 
only sites left are unlisted. 

The protocol for scheduling the corrective action costs can thus be derived 
from the Agency's administrative experience. Record costs for th~ sites in 
item one above in years 1988 and 1989. Begin remedial work for the second set 
of sites in 1990 and, at the same time, schedule enough of t~~ third group to 
optimize Agency staff resources. Follow this schedule until the forecast time 
slots are used up. 
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TABLE 13 (CONTINUED) 

RATES OF COST INCIDENCE 
SCHEDULE 

Febfuary. 23, 1988 

................................................................................ 
Solid waste management at 

alternative sites 

Transportation 

Costs are incurred when operations are 
scheduled to begin. 

- Costs are incurred only under an 
optimized schedule which presents a 
model of expected regional 
consolidation. 

All costs will not be incurred on the same date or at the same rate. The 
analysis must take into account the current level of development in the solid 
waste management sector. Analysis must also consider expected changes in this 
sector so further assumptions must be made about the future pattern of facility 
closures. The analysis must include estimates of how many sites incur which · 
costs at which time. Table 14 presents the Agency's current estimate of the 
near-term landfill closure schedule. 



CLOSURE DATE 

Sites now scheduled to close by 
.1988 

Sites scheduled to close in 1989 

Sites scheduled to close in 1990 

Sites scheduled to close in 1991 
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TABLE 14 

SITES 

Cook, Crosby, NW Angle, LaGrande, Long 
Prairie, Koochiching, Anderson, Wadena, 
Winona, Olmsted, Lake, Pickett, 
NE Otter Tail, Fergus Falls, Sibley 

Wabasha, Mcleod, French Lake, Kluver, 
Iron Range 

Hickory Grove, Yonak, Dodge, Becker 

Lindala 

(Sites not scheduled in county plans to close, but with diminished 
capacity.*) 

Capacity ends in 1988 or sooner 

Capacity ends in 1989 

Capacity ends by 1992 

Battle Lake, City of ~1cKinley, City of 
Wadena, Killian, Karlstad, Kummer, 
Lincoln, Lindenfelser, Mahnomen, Orr, 
Sibley, Waste Disposal Engineering; 
Brookston, Flying Cloud, Kanabec, 
Korf Brothers, Meeker County 

Anoka Municipal, City of Hoyt Lakes, 
Dakhue, Freeway, Northwoods, Pine 
Lane, Sauk Centre 

Aitkin Area, City of Benson, 
Chisago/Isanti, Leech Lake, 
Louisville, Pipestone, Polk County, 
Red Wing, Renville County, Salol, 
Tostensen 

*Remaining capacity estimates assume: no change in existing capacity, 
continuation of current fill rates and no changes in local waste streams. 

The table indicates that 58 landfill sites are either scheduled to close or 
likely to run out of capacity by 1992. The analysis makes two further 
assumptions about landfill capacity. First, an intermediate step assumes that 
any sites remaining after 1992 will continue to operate until 1995, the last 
year for which MNFS-53 can forecast. This amounts to an assumption that either 
the remaining sites wi 11 not use up their capacity or that new capacity wi 11 be 

·,·. 

·.t, 
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developed in the same location to meet any shortfalls. Since both new and old 
facilities operating at this time will incur about the same costs, the 
assumption fits well with one set of expected developments; namely, that local 
areas that have landfill capacity after 1992 will continue to use local 
facilities. 

Alternatively, another reasonable expectation is that some consolidation of 
regional land disposal needs will occur. The next step in the analysis makes 
some assumptions about further changes in the regional distribution of landfill 
capacity. Facility users-will have to consider, at some point, whether 
continued use of local facilities makes sense. Local facilities will most 
often be relatively small sites. Many of the costs imposed by the new rules 
are lumpy, one-time costs that resemble capital improvements. They are 
incurred as lump sums, and even though most operators will amortize these costs 
they will likely follow the pattern common to capital expenditures throughout 
the economy. That is, the cost per unit of output of capital expenditures 
tends to fall as the size of the firm increases. This tendency is often 
referred to as an economy of scale. It is why large-scale firms enjoy many 
advantages over smaller firms. Economies of scale exist in landfill management. 
See Appendix XXI. The sector would be rather odd if scale economies could not 
be found. However, scale economies are not consistently reflected in the rates 
charged at Minnesota landfills. This is mostly because many landfills have not 
yet taken full account of long-term care costs. 

The proposed rules will require landfill operators to include long-term care 
costs in th~ir financial plans. This will encourage the search for scale 
economies. The regional decision to consolidate landfill capacity will depend 
on the relationship of capital costs to transportation costs. A decision of 
this sort was recently made in Lyon and Lincoln Counties. The operator of the 
Lyon County landfill also had a site in neighboring Lincoln County. The Lincoln 
County site was rather small and took in a relatively small amount of waste. 
The operator decided that it made sense to close the Lincoln County site and 
haul all the waste to Lyon County. Relative cost differences justified the 
decision. It makes no sense to consolidate if the savings in capital costs are 
smaller than the implicit transportation cost increases. The final stage of the 
analysis will induce some closures and add some transportation costs in limited 

I 
cases that appear reasonable. 

The outline below summarizes the procedures used to estimate the impacts of 
the proposed rules: 
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OUTLINE OF THE MNFS-53 PROCEDURE 

1. Control forecast. 
2. Simulate implementation of the permit upgrade program. 
3. Simulate implementation of the proposed rules: 

a. assume the status quo prevails after 1992; and 
b. assume regional consolidation of landfill capacity 

after 1992. 
4. Calculate differences between simulations and original control 

forecast - estimate the impact of both the permit upgrade program 
and the proposed rules. 

E. SIMULATION OF REVENUES AND CHARGES 

Table 15 below presents selected elements of the control forecast. • The 
model treats as a forecast values for the years 1981 through 1983. This is 
because the latest update for the current version of the model consisted of 1983 
data. So the model forecasts values associated with events that have actually 
occurred. This provides a means to check the forecast's perfonnance against 

\ . 
measured exper1ence. 
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TABLE 15 

SUM~1ARY OF CONTROL FORECAST VALUES 

EMPLOYMENT WAGE & SAL. PERSONAL REAL PERSONAL 
(thousands DISBURSEMENTS INCOME INCOME POPULATION 

YEAR of jobs) ( $ mill ions ) ($ mill ions) ( $ mi 11 ions) (thousands) 

1984 1,896 32,972 55' 111 14,432 4,162 
1985 1,952 35,273 59,D70 14,988 4,223 
1986 1,993 38,006 63,393 15 '511 4,256 
1987 2,039 41,341 68,937 16,046 4,286 
1988 2,092 45,128 75,049 16,540 4,316 
1989 2,144 49,449 81,839 17 '041 4,344 
1990 2,181 54,126 89,051 17,454 4,372 
1991 2' 211 59,214 97,066 17,900 4,400 
1992 2,240 64,644 105,641 18,324 4,427 
1993 2,265 70,417 114,753 18,700 4,453 
1994 2,289 76,686 124,542 19,048 4,478 
1995 2,313 83,534 135,181 19,386 4,502 

The MNFS-53 forecasts personal income levels of $59.07 billion in 1985 and 
$63.393 billion in 1986. The Department of Revenue reports that personal income 
was $59.341 billion in 1985 and $62.766 billion in 1986. Reference 145. The 
forecast overestimated 1985 personal income by 0.5 percent a~d underestimated 
1986 personal income by one percent. The slight difference between forecast and 
measured values indicates that the MNFS-53 is sufficiently accurate for the 
present analysis. Recall that the statutory directive for this analysis, Minn. 
Stat.§ 116.07, subd. 6, charges the Agency to consider the impact its rules 
will have on the State economy. This charge places less value on predictive 
accuracy and more value on consistency. It is not critically important that the 
forecast values for 1995 prove to be very precise. It is more important that 
tile control and simulation forecasts are based on the same data and proceed from 
the same set of analytical constraints. In other words, if the t~NFS contains 
errors, then the control forecast and the simulation forecast will likely err in 
the same direction and at nearly the same rate. The earlier comparison of 
MNFS-53 forecasts 1vith measured values indicates that any errors in the MNFS-53 
are ?light and acceptable for the purposes of this analysis. 

The simulation forecast derives from Agency estimates of the new costs the 
proposed rules will impose on solid waste management systems. Table 16 below 
1 is ts the types of new costs tile Agency be 1 i eves wi 11 resu 1t from ru 1 e adoption. 
(Appendix XXII provides a more detailed description of these costs and their 
estimated values.) 



ACTIVITY 

Engineering services 

Hydrogeologic studies 

Installation of ground water 
monitoring systems 
(+engineering) 

Installation of gas 
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TABLE 16 

UNIT COSTS 

SECTOR 

MPS 

MPS 

Construction 

monitoring systems Construction 
(+ engineering) 

Additional solid waste management 
responsibilities Landfills 

Operations of ground water MPS, 
protection systems Landfills 

Operations of gas MPS, 
monitoring systems Landfills 

February 23, 

UNIT 
COSTS UNITS 

(15% of construction) 

$ 155,000 (lump sum) 

5,500 (wells) 

3,000 (acres l 

7,000 (lump sum/yr.) 

16,500 (wells/yr.) 

500 (acres/yr.) 

Site development Construction, 
(+engineering) Landfills 120,000 (acres) 

Financial intermediation: 
reserves 
service charges 

Leachate collection and trt. 

Corrective actions: capital 
(+engineering) 

Corrective actions: 0 & M 

Banking 

Landfills 

MPS, 
Construction 

514,000 

(2% of above) 

0.09 

Landfills 1,438,000 

MPS, 
Construction 

( 1 ump sum/yr.) 

( ga 1 /yr. ) 

(lump sum) 

1988 

Landfills 1,380,000 (lump sum, 20-year 
period) 

- '· 



ACTIVITY 

Cover: a) operational 

b) final 
(+engineering) 

Postclosure care 

Land 

Liner maintenance 

Leachate testing 

Solid waste management; 
alternative sites 

Transportation 
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TABLE 16 (CONTINUED) 

' UN IT COSTS 

SECTOR 

Landfills 

Landfills 
Construction 

Landfills 

Landfills 

Landfills 

MPS 

Utilities 

Utilities 

UNIT 
COSTS 

24,000 

32,000 

6,000 

500 

100 

200 

5,000 

0.10 

February 23, 1988 

UNITS 

(acres/yr.) 

(acres) 

(acres/yr.) 

(acres) 

(hours) 

(samples) 

( 1 ump sum/yr. ) 

($/T /r.li.) 

The table also lists the economic sectors that each cost element affects. 
For ex amp 1 e, reserves deve 1 oped to meet fi nanci a 1 assurance requi.'rements accrue 
as revenues to the banking sector, while corrective actions yield revenues for 
the landfill, construction and professional service sectors. This analysis 
distributes equal proportions of revenues to all affected sectors. The Agency 
does not have the data that would make possible a more discriminating 
distribution. 1 

The final step in the compilation of th~ simulation forecast is to add up 
all the revenues and charges that are applied to each sector. Table 17 presents 
this compilation. The Agency applied a consistently conservative bias in the 
development of its cost estimates. That is, the assumptions that underlie the 
cost estimates are made so that higher values are chosen more often than lower 
values. These assumptions are, of course, subject to the constraints of reason 
and experience. 
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TABLE 17 

SIMULATION FORECAST: Charges and Revenues 
(In Thousanas of Do11arsl 

Revenues Charges 

YEAR BANKING CONSTRUCTION MPS LANDFILLS TOTAL 

1984 $ 0 $ 1,938 $ 1,683 $28,618 $32,238 
1985 0 587 1,893 26,652 29' 132 
1986 0 2,730 3,562 28,505 34,798 
1987 0 3,053 3,214 28' 147 34,415 
1988 0 26 '870 19,339 34,328 80,537 
1989 36,694 23 '034 17,578 31 '719 109,350 
1990 34,598 17,636 16,156 26,566 94,956 
1991 31,452 16,546 13,588 25,364 86,950 
1992 28,831 15,847 13 ,815 24,587 83,080 
1993 28,831 13,604 13 '103 22 '451 77,990 
1994 28,831 13 '742 13,241 22,589 78,404 
1995 28,831 13,880 13,379 22 '727 78,818 

Total 218,069 149,466 130,554 322,252 820,341 

(Changes reflecting regional consolidation) 

1993 23,065 16,241 14,849 25,574 79 '729 
1994 23,065 11 '762 13 '346 21,352 69,525 
1995 23,065 11 ,900 13,484 21,490 69,939 

Total 200 '771 148,143 132 '508 322,902 804,323 

The entries in the landfill column include some revenues accruing to wate~ 
treatment facilities and waste processing facilities. These entries are summed 
because the MNFS~53 includes all three types of firms in the same sector. T~e 

table includes a section that presents two sets of values for the years 1993 
through 1995. The second set of values reflects the assumed impact of waste 
stream consolidation in some regions. The consolidation involves the 
development of three waste processing facilities and 11 landfill closures. 
These changes are assumed to occur in 1993. The charges offsetting the revenues 
listed in the table are incurred by the public utilities sector, which includes 
landfills, water treatment facilities and waste processing facilities. 

A further series of changes simulates the effects of increased 
administrative costs imposed on the Agency. These changes begin in 1988 and 
continue through 1995. The simulation consists of an increase in personal taxes 
of $444,000 per year and an offsetting increase in local government demand for 
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health and environmental services. 
The economic simulation of the proposed rules consists of making changes in 

selected variables of the control forecast. For example, the simulation adds 
$26.87 million to sales in the construction sector in 1988. The simulation 
also adds $80.537 million to operating costs in the public utilities sector in 
1988. 

F. FINDINGS 

The results of the simulation show that the rules will have only a 
negligible impact on the State economy. This finding is summarized in Table 18 
below. (Appendix XXIII provides the results of the simulation analysis in more 
detail.) 

TABLE 18 

PROPOSED RULES: Summary of Simulation Results 

TOTAL EMPLOYt~ENT TOTAL DEMAND . PERSONAL INCOME 
(thousands of jobs) ($billions) ( $ billions l 

YEAR Control S1mulat1on Contro1 Slmu1ation Contro1 S1mulation 
1984 1,896 105 95.321 .016 55.111 .006 
1985 1,952 29 101.935 .010 59.070 .005 
1986 1,993 43 109.935 .008 63.393 .005 
1987 2,039 14 119.651 .007 '68.937 .005 
1988 2,092 530 130.394 .024 75.049 .024 
1989 2,144 801 142.262 .012 81.839 .036 
1990 2,181 498 154.646 ( . 007) 89.051 .032 
1991 2,211 322 168.709 ( .013) 97.066 .026 
1992 2,240 194 184.040 ( . 021 ) 105.641 .021 
1993 2,265 095 200.028 ( . 030) 114.753 .016 
1994 2,289 048 217.136 ( . 036) 124.542 .014 
1995 2,313 014 235.229 ( . 040) 135.181 .011 

(Changes reflecting regional consolidation) 

1993 2,265 87 200.028 ( . 026) 114.753 .017 
1994 2,289 ( 14) 217.136 ( . 036) 124.542 .010 
1995 2,313 (58) 235.229 ( . 040) 135.181 .008 

The values in the simulation column represent the net difference between the 
control forecast and the simulation forecast. They are the measure of the 
impact of the proposed rules on the variable associated with each value. 

The results indicate that the rules will have only slight impacts on the 
State economy. The results show employment increases for all years of the first 
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simulation analysis. The MNFS-53 forecasts slight employment declines in the 
later years of the simulation analysis that assumes some consolidation of 
regional waste streams. However, even the largest of the increases only amounts 
to 0.04 percent of total employment. Likewise, the largest of the changes 
indicated for total demand amounts to only 0.018 percent of control forecast 
demand. The largest of the personal income changes amounts to only 0.044 
percent of the control forecast value. 

The simulation indicates some positive economic effects, but they can hardly 
be considered as economic development. On the other hand, the simulation 
indicates some negative economic results, but these are so small they cannot be 
considered as signals of imminent recession. 

The impacts are estimated to be slight because the factors being influenced 
are so large by comparison. The control forecast predicts that total demand 
will be $130 billion in 1988. Total demand is the dollar value of all goods and 
services traded in the State. Consider it as a simple measure of the size of 
the State economy. The conservative estimates the Agency developed set ~harges 
resulting ,from the proposed rules at $80 million in 1988. This amounts to less 
than one tenth of one per cent of total demand. Although the absolute value of 
the charges appears large, the relative value is not very great at all. 

This important finding should not be minimized. Reviewers of the proposed 
rules who have criticized them often insist that the rules will impose an 
unbearable burden on regulated firms and local governments. These assertions 
have validity only if the critics' point of view is constrained to a very narrow 
economic sector and a limited time period. A limited point of view often makes 
problems, questions and issues seem simpler. Cutting back on the number of 
variables considered makes it easier to come to decisions. But accepting narrow 
limits constrains analysis, sometimes to the point that critical information is 
ignored. The results are flawed analyses and incorrect findings. This type of 
result often occurs when the proposed rules are criticized by people 
representing the business firms and local governments that will be regulated. 
The regulated community's interest lies in limiting the analytical focus to 
their own sector. This is as if to say that the proposed rules' financial 
impacts will be limited to raising solid ~aste management costs. This is not 
surprising, since people often stop analyzing problems \vhen they run out of 
data. People in the "regulated community" usually have data gathered only from 
their economic sector and local market area. However, the Agency cannot limit 
its analysis to only the solid waste management sector. The legislative 
directive in Minn. Stat. § 116.07 quite properly forces the Agency to look 
beyond such narrow sectoral borders. 

The new .costs the rules will impose are associated with two general types of 
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;;.:~, activities: procedural and substantive requirements. The procedural 

'!·:\ 

requirements involve reporting to the Agency on a number of matters; e.g., 
long-term care plans, sampling analyses, surveys, etc. These procedural 
requirements will be costly, but the Agency believes procedural costs will not 
be nearly as great as substantive costs. 

The substantive requirements will cause landfill permittees to install and' 
operate ne~1 system designs. Facilities will be lined and leachate will be 
collected and treated. Cover systems and long-term care procedures will be 
established to keep moisture from entering the fill area. The techniques are 
not themselves new, but their application to landfill operations is new. The 
increased.level of capital investment, a condition usually associated with 
technological change, is also new to landfilling. These cost increases often 
shock people who are unprepared for change. 

The findings of the simulation analysis offer some comfort to those who are 
shocked by the new capital and operating costs implicit in the proposed rules. 
The simulation indicates that the new costs imposed on landfills can be absorbed 
by the State's economy without causing sharp dislocations. The simulation 
forecast estimates that 1988 population will be abo~t 4.3 million and personal 
income will be about $75 billion. The estimates imply that annual income per 
capita will be about $17,400. Recall that the Agency's conservative estimate of 
new landfill costs in 1988 is $80 million. This means annual new costs per 
capita will be about $19, which amounts to 0.1 percent of per capita income. 
(Note here that these values are averages. Actual costs incurred at individual 
households will likely be less because the estimates make no attempt ·to separate 
industrial and commercial costs from residential costs.) 

The size of the cost increase is critical because the amount of the change 
will influence demand for waste disposal services. The economic decisions 
households and business firms make are constrained by budgets. No person or 
firm has an unlimited budget. Financial constraints require people to make 
constant adjustments in their purchasing behavior as the prices for individual 
goods and services change. The normal response to a price increase is to buy 
less of the good or service that becomes more costly. The consumer can either 
look for an alternative source or make do with less of the more expensive good 
or service. 

The response rate to price changes is not the same for all goods and 
services. An increase in the price of an essential good will not lead to the 
same response as an increase in the price of a luxury good. The 
''responsiveness'' of consumer demand to price changes is known as the price 
elasticity of demand. A good or service with an elastic demand schedule will be 
associated with large changes in demand if there are small price changes. The 
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opposite is true for goods and services with inelastic demand characteristics; 
demand will not be greatly influenced by price changes. 

Available research finds that the price elasticity for waste disposal 
services is inelastic. References 146 and 147. This means that price (cost) 
increases are not likely to cause great changes in the demand for waste disposal 
services. This inelastic demand characteristic and the relatively slight cost 
associated with the rules further explain why the simulation forecast estimated 
such a small impact. Rule adoption will cause relatively small cost increases 
in a service which people and business firms regard as essential. 

Recall that the Agency's charge is to consider "the establishment, 
maintenance, operation and expansion of business, commerce, trade, industry, 
traffic and other economic factors'' in its decisions regarding the proposed 
rules. The Agency's analysis considered these factors in the broadest possible 
context and with a conservative bias designed to highlight any possible negative 
impacts. The results of the analysis lead the Agency to conclude that the 
proposed rules will have no material effect on the economic operations listed in 
Minn. Stat.§ 116.07, subd. 6. 

VIII. IMPACTS ON AGRICULTURAL LANDS 

The Agency is required to consider the impacts o~ propose~ rules on 
agri cultural 1 ands: 

If the Agency proposing the adoption of the rule determines that the 
rule may have a direct and substantial adverse impact on agricultural 
land in the state, the Agency shall comply with the require~ents of 
sections 17.80 to 17.84. 

Minn. Stat.§ 14.11, subd. 2 (1986). 

The definition of "adverse impact" which applies in this case is: 

"Action 1vhich adversely affects" means any of the following actions 
taken in respect to agricultural land which have or would have the 
effect of substantially restricting the agricultural use of the land: 
(1) acquisition for a nonagricultural use except acquisition for any 
unit of the outdoor recreation system described in section 86A.05, 
other than a trail described in subdivision 4 of that section; (2) 
granting of a permit, license, franchise or other official 
authorization for nonagricultural use; (3) lease of state-owned land 
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for nonagricultural use except for mineral exploration or m1n1ng; or 
(4) granting or loaning of state funds for purposes which are not 
consistent with agricultural use. 

Minn. Stat.§ 17.81, subd. 2 (1986). 

~!r The Legislature has set agricultural land policies that guide administrative 
s~: agencies' rulemaking efforts and determinations of adverse impact: 

r::r 
Pv It is the policy of the state to preserve agricultural land and 
'i·:'~; 
r~ conserve its long-term use for the production of food and other 
t::.i: agri cu ltura 1 products by: 

(a) Protection of agricultural land and certain parcels of open 
space land from conversion to other uses; 

(b) Conservation and enhancement of soil and water resources to 
ensure their long-term quality and productivity; 

(c) Encouragement of planned growth and development of urban and 
rural areas to ensure the most effective use of agricultural land, 
resources and capital; and 

(d) Fostering of ownership and operation of agricultural land by 
resident farmers. 

Minn. Stat. § 17.80, subd. 1 (1986). 

The first two policy goals apply to the proposed solid waste rules and are 
satisfied'by them. They will be discussed below. First, some background. Many 
solid 1~aste land disposal facilities are now sited on agricultural lands. These 
sites are favored because they are usually remote and they often have desirable 
soil characteristics. The Agency believes that future siting decisions will 
also favor agricultural lands. However, the proposed rules will not create the 
tendency to site in agricultural lands. In fact, the proposed rules will likely 
have a dampening effect on this tendency. 

Adoption of the proposed rules will not increase the demand for agricultural 
lands that can be used as solid 1~aste land disposal facility sites. Compliance 
with the proposed rules will require that solid waste land disposal facility 
owners and operators install and operate systems that protect the quality of 
air, ground water and surface water. Facility owners and operators will also 
have to accumulate financial reserves in anticipation of expenses for facility 
closure, postclosure care and corrective action. These requirements will raise 
both fixed and operating costs at solid waste land disposal facilities.· 

The increase in fixed costs will influehce tuture solid waste land disposal 
facility design. Each unit of solid waste disposed of produces revenue for the 
disposal facility. Liner and cover system costs·are fixed for specific areas 
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and time periods. Putting more waste in a given area lowers fixed costs per 
unit of waste received. The Agency believes facj'lity owners and operators will 
favor cost-efficient designs. This will tend to lower the demand for 
agricultural land because available space will be more intensively used. 

Increases in both fixed and operating costs will raise solid waste land 
disposal facili~ costs relative to the costs of other solid waste management 
facilities. The change in relative costs will induce some shift away from solid 
waste land disposal facilities and toward other solid waste management 
facilities. Other factors (e.g., transportation costs) will constrain the 
shift, so that demand will not completely erode. Still, the changes in relative 
costs will likely have some dampening effect on demand for sites that can be 
used for solid waste land disposal facilities. 

The first policy goal of Minn. Stat.§ 17.80, subd. 1, relates to protection 
of agricultural lands from conversion to other uses. The net effect of the 
proposed rules will likely be to impede, indirectly, the conversi6n of 
agricultural· lands to other uses. 

The second policy goal of Minn. Stat.§ 17.80, subd. 1, relates to resource 
protection. The proposed rules will advance this goal. The requirements of the 
proposed rules fit in well with statutory guidelines, which re~d in relevant 
part: 

The legislature finds that the policy in subdivision 1 will be 
best met by: 

(i) Guiding the orderly development of solid and hazardous waste 
management sites to meet the needs and safety of rural and urban 
communities and preserve agricultural land to the greatest possible 
extent by minimizing the use of agricultural land for waste management 
sites. 

Minn. Stat.§ 17.80, subd. 2 (1986). 

Earlier discussion noted that cost increases will lower demand for 
agricultural lands that can serve as solid waste land disposal facility sites. 
The proposed rules will also help protect natural resources that are located 
near solid waste land disposal facilities. The proposed rules will require that 
solid waste land disposal facility owners and operators install and operate 
systems that protect the quality of ground water, surface water and air. The 
proposed fules will further require that solid waste land disposal facility 
owners and operators be prepared, physically and financially, to take corrective 
measures if any of the protective systems fail. These precautionary measures 
will greatly reduce impacts on nearby agricultural lands from solid waste land 
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disposal facilities. 
The Agency concludes that the proposed rules if adopted, will not have a 

direct and substantial adverse impact on agricultural land in the State. 

!'X. CONCLUSION 

The Agency staff has in this document and its exhibits made its presentation 
of facts establishing the need for a reasonableness of the proposed rules 
governing solid waste facility permits and the design, operation and 
construction of solid waste facilities. This document constitutes the Agency's 
statement of need and reasonableness for the proposed rules. 

Based on the foregoing, the proposed Minn. Rules pts. 7001.00200 to 
7001.0190, 7001.3000 to 7001.3550 and 7035.0300 to 7035.2875 are both needed and 
reasonable. 

Dated: ;1:~ /.Z , 1988 
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X. LIST OF EXHIBITS 

In drafting the proposed rules, the Agency relied on technical documents 
prepared by a number of sources. The following documents were utili zed by 
Agency staff in developing these rules and are relied on by the Agency as 
further support for the reasonableness of the proposed rules. These documents 
are available for review at the Agency's Public Information Office at 
520 Lafayette Road North, St. Paul, MN 55155 

I. List of Landfills in the Open Dump Inventory: 1980- 1985. 

II. Position Papers on Solid Waste Management in Minnesota. 

Ill. Responsiveness Summary of Discussions on Rule Development Issues. 

IV. Summary of Response to Opinion Survey: Oc,tober 1983. 

·v. Written Comments on November 22, 1983 Action Plan. 

VI. Minnesota Pollution Control Agency Staff Comments on proposed solid 
waste legislation, April 2, 1984. 

VII. General Mailings Soliciting Statements of Interest in Rulemaking 
Process: May 7, 1984 and December 27, 1984. 

VIII. "Outside Opinion Sought Regarding Rules for Solid Waste ~1anagement 
Facilities," State Register Notices, May 14, 1984 and January 28, 
1985. 

IX. General Mailing Soliciting Opinions on Solid Waste Plans, Certificates 
of Need and Financial Assurance October 1, 1984; Written Responses. 

X. General Mailing Soliciting Opinions on Ground Water Standards October 
1, 1984; Written Responses. 

XI. General Mailing Transmitting Revised Draft Rules and Soliciting 
Opinions, January 29, 1985. 

XII. General Mailings Soliciting Opinions on Draft Industrial Waste Rules; 
June 18, 1985, July 1, 1985, and August 1, 1985. 

XIII. General Mailing Announcing Public Information Meetings on Proposed 
Solid Waste Rules, July 23, 1985; Meeting Summaries. 

XIV. Notice to Solid and Hazardous Waste Committee of the Minnesota 
Pollution Control Agency Board, August 23, 1985. 
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XV. Summaries of Public Information Meetings Held in February and March of 
1986. 

XVI. General Mailing Transmitting Revised Draft Rules and Soliciting 
Opinions, September 5, 1986. 

XVII. Hydrological Assessment at a Sandplain Landfill. Eugene A. Hickock 
and Associates. February 1983. · 

XVIII. Hydrological Assessment at a Clay Landfill. Eugene A. Hickock and 
Associates. March 1983. 

XIX. Minnesota Pollution Control Agency. "Guidelines for Hydrogeologic 
Investigations of Solid Waste Landfills." February 1985. 

XX. Minnesota Rules, chapter 7060 (1986), Underground Waters. 

XXI. Minnesota Department of Health. "Recommended A 11 owab.l e Limits for 
Drinking Water, Health Risk Assessment Section." February 1986. 5 pp. 

XXII. Federal Register. "National Primary Drinking Water Regulations; 
Volatile Synthetic Organic Chemicals; Final Rule ~nd Proposed Rule.'' 
vol. 50, no. 219, November 13, 1985. pp. 46902-46933, and Correction, 
vol. 51, no. 25, February 6, 1986. pp. 4618-4619. 

XXIII. Federal Register. "National Primary Drinking Water Regulations; 
Synthetic Organic Chemicals, Inorganic Chemicals and Microorganisms; 
Proposed Ru 1 e." vo l. 50, no. 219, November 13, 1985. pp. 46936-47022. 
and Correction, vol. 51,, no. 25. February 6, 1986: p. 4618. 

XXIV. Federal Register. "National Primary Drinking Water 
Regulations--Synthetic Organic Chemicals; Monitoring for Unregulated 
Contaminants, Final Rule." vol. 52, no. 130. July 8, 1987. 
pp. 25690-25717. 

XXV. ''Code of Federal Regulations, Title 40, part 122, Appendix D, NPDES 
Permit Application Testing Requirements (section 122.21), Table II." 
Revised as of July 1, 1985. 

XXVI. Finnegan, Robert E., etal. "Priority pollutants, II--cost effective 
analyses." Environmental Science and Technology, vol. 13, no. 5. ~1ay 
1979. pp. 534-541. 

XXVII. Federal Register. 
Chemical Mixtures, 
pp. 34014-34025. 

''Guidelines for the Health Risk Assessment of 
vol. 51, no. 185." September 24,1986. 
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Martin, Dan B. and William A. Hartman. "The Effect of Cultivation or 
Sediment Composition and Deposition in Prairie Pot Hole Wetlands." 
Water, Air, and Soil Pollution Journal; 34 (1987) 45-33. D. Reidel 
Publishing Company. 

XXIX. Cairns, John, Jr. ''Suspended Solids Standards for the Protection of 
Aquatic Organisms." Department of Biology, Virginia Polytechnic 
Institute, Blacksburg, Virginia. 1968. 

XXX. Lloyd, Denby S., Jeffrey P. Koenings and Jacqueline D. LaPerriere. 
"Effects of Turbidity in Fresh Waters 6f Alaska." North American 
Journal of Fisheries Management. 7-18-33, 1987 

XXXl. Davis, Wayne S., Thomas J. Denbow and Joyce E. Lathrop. "Aquatic 
Sediments." Journal of Water Pollution Control Federation, Volume 59, 
Number 6. June 1987. 

XXXII . 

XXXI I I. 

XXXIV. 

XXXV. 

XXXVI. 

Ritchie, Jerry C. "Sediment, Fish, and Fish Habitat." Journal of Soil 
and Water Conservation. May-June 1972. 

Alabaster, J. S. "Water Quality Criteria for Fresh1~ater Fish." 
Published by arrangement with the Food and Agriculture Organization of 
the United Nati~ns. Butterworths, London, England. 1980. 

Schroeder, P.R., etal., "The Hydrologic Evaluation of Landfill 
Performance (HELP) Model: Volume II., Documentation for Version 1," 
Technical Resource Document for Public Comment-, Office of Solid Waste 
.and Emergency Response, U.S. Environmental Protection Agency, June 
1984. 

Schroeder, P.R., etal., "The Hydrologic Evaluation of Landfill 
Performance (HELP) Model: Volume II., Documentation for Version 1," 
Technical Resource Document for Public Comment, Office of Solid Waste 
and Emergency Response, U.S. Environmental Protection Agency, June 
1984. 

McGinley, Paul M. and Peter Kmet. "Formation, Characteristics, 
Treatment and Disposal of Leachate from Municipal Solid Waste 
Landfills." Wisconsin Department of Natural Resources Special Report. 
Bureau of Solid Waste Management, Madison, Wisconsin. August 1, 1984. 
356 pp. 

XXXVII. Gray, Donald H. "Adequacy of Landfill Liner Design Criteria," course 
material from Geotechnical Engineering of Land Disposal Systems. 
University of Wisconsin at Madison. October 7-11, 1985. 

XXXVIII. ''Lining of Waste Impoundment and Disposal Facilities." Matrecon, Inc . 
Municipal Environmental Research Laboratory, Office of Research and 
Development, U.S. Environmental Protection Agency. September 1980 . 

.·. 
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XXXIX. Code of Federal Regulations. "National Primary Drinking Water 
Regulations, Title 40, Part 141." revised as of July 1, 1986. 

XXXX. Federal Regi-ster. "Water Quality Criteria; Availability of 
Documents, vol. 50, no. 145." July 29, 1985. pp. 30784-30796. 

XXXXI. Langmuir, Donald. "Eh-pH Determination, chapter 26 (pp.597-635) 
in Procedures in Sedimentary Petrology." Wiley-Interscience. New 
York, New York. 1971. 

XXXXII. Nelson, Bruce R., and Paul R. Book. ''Monitoring for volatile organic 
hydrocarbons at Minnesota sanitary landfills." in Proceedings, Ninth 
Annual Madison Waste Conference. University Wisconsin-Madison, 
Department of Engineering Professional Development. September 9-10, 
1986. 

XXXXIII. Sabel, Gretchen V. and Thomas P. Clark. ''Volatile organic 
compounds as indicators of municipal solid waste leachate 
contamination." Waste Management & Research, vol. 2. 1984. 
pp. 119-130. 

XXXXIV. Federal Register. "Hazardous Waste Management System; Identification 
and Listing of Hazardous Waste; Final Rule." val. 51, no. 151. 
August 6, 1986. pp. 28296-28310. 

XXXXV. Federal Register. ''List (Phase 1) of Hazardous Constituents for 
Ground-Water Monitoring; Final Rule." val. 52, no. 131. July 9, 1987. 
pp. 25942-25953. 

XXXXVI. Code of Federal Regulations. "Title 40, section 302.4, Table 
302.4-~List of Hazardous Substances and Reportable Quantities." 
revised as of July 1, 1985. 
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MONITORING FOR VOLATILE ORGANIC HYDROCARBONS AT MINN[SOTA SANITARY 
LANDFILLS 

Bruce R. Nelsonl/ and Paul R. Book2/ - ' -
·1n 1980, the Minnesota Pollution Control Agency (MPCA) initiated 

sampling and analysis for selected volatile organic hydrocarbon 
compounds (VOHs) at sanitary landfills. Samples from approximately 
half of Minnesota's 131 mixed mun·icipal solid waste 1 and fills have been 
analyzed for VOHs. Minnesota's sanitary landfills are almost 
exclusively unlined first generation landfills. The ~ize of the 
studied sanitary landfills range from 2,000 to 1.6 million cubic yards 
per year. Most sites received mixed municipal solid waste only, 
although some have accepted hazardous waste. The hydrogeological 
settings of the sampled sanitary landfills include outwash, glacial 
till, lacustrine clay and bedrock. VOH data have been compiled and 
evaluated with respect to variables such as size and location of the 
facility. Individual VOHs were ranked according to their percent 
occurrence in all hydrogeologic settings and the data indicate that 
VOHs are ubiquitous in ground water downgradient of the studied 
sanitary landfills. 

INTRODUCTION 

Prior to the 1970's, the bulk of Minnesota's mixed municipal solid 
waste was disposed of in approximately 1,600 open dumps throughout the 
state. In 1970, the Minnesota Pollution Control Agency (MPCA) 
promulgated solid waste rules which required the closure of open dumps 
by 1972. In order to provide disposal capacity for solid waste, 
counties and large cities established sanitary landfills. A small 
number of the open dumps were converted to sanitary landfills. Since 
the early 1970's, the MPCA has permitted 131 mixed municipal solid 
waste sanitary landfills. These landfills are, with fe~o.• exceptions, 
unlined facilities constructed directly in or on in-situ native soils. 

Since the mid-1970's, monitoring of ground water near sanitary 
landfills has been a regulatory requirement of the MPCA. Initially, 
the MPCA required quarterly sampling and analysis for pH, specific 
conductance, chemical .oxygen demand, chloride and nitrate as indicators 
of landfill leachate. Beginning in 1980, the MPCA sampled for volatile 

1/27 Senior Hydrogeologists, Minnesota Pollution Control Agency, 
Division of Solid and Hazardous Waste, Solid Waste Section, 
Permits Unit. 

Presented at the Ninth Annual Madison Waste Conference, September 9-10, 
1986, Department of Engineering Professional Development, University of 
Wisconsin-Madison. 
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organic hydrocarbons (VOHs) at selected major metropolitan sanitary 
landfills to assess the usefulness of VOHs as indicators of landfill 
contamination (Sabel and Clark, 1984). In 1982, ammonia, sulfate and 
dissolved iron were added to the quarterly monitoring list. The MPCA 
also began to require sampling and analysis for an expanded list of 
inorganic compounds, metals and VOHs in alternate years. 

LANDFILL CHARACTERISTICS 

The sanitary landfills, for which VOH analytical data are 
available, range in size from 2,000 cubic yards per year for a rural 
site to 1,700,000 cubic yards per year for a facility serving the 
Minneapolis- St. Paul metropolitan area. The relative size of the 
landfills has been characterized by the average annual gate volume of 
mixed municipal solid waste received between 1980 and 1984. For sites 
Which closed prior to or during this period, average annual gate 
volumes were calculated from available operational reports. 

The size distribution of the landfills ur1der study are shown in the 
Figures 1 and 2. Thirty-seven 161~) of the sites have an average 
annual gate volume of less than 100,000 cubic yards and serve 
predominantly rural areas (Figure 2.). Sites which serve tile 
Minneapolis- St. Paul metropolitan area and those which receive solid 
waste from towns with a population greater than 25,000 are designated 
as metropolitan sites in Table 1. 

Since 1973, MPCA regulations have prohibited the disposal of 
hazardous wastes in sanitary landfills other than those quantities 
generated in normal household use. Table 1 indicates whether a 
sanitary landfill is 1 ikely to have received hazardous waste in 
addition to mixed municipal solid waste. Sites are designated as 
either known to have received hazaroous waste (21~), suspected of 
having received hazardous waste (21~), or not known to have received 
hazardous waste {57~). Sites were assigned to a catagory based on a 
review of MPCA files and discussions with MPCA inspectors and technical 
staff. 

The predominant surficial geologic materials at each landfill are 
characterized in Tabie 1. Sites are designated as underlain by coarse 
granular materials, typically alluvium (54~); fine-grained soils, 
typically clay-rich glacial tills (16~); mixed stratified coarse-and 
fine-grained soils, typically morainal deposits (23~); and other 
geologic materials (7~). The surficial geology of each landfill was 
Characterized through review of available geotechnical files and 
discussions with MPCA technical staff. 



ANALYTICAL DATA 

Of the 131 permitted mixed municipal sanitary l~ndfills, ground 
water samples from 61 (47~) have been analyzed for VOHs. Samples ,were 
collected from landfill monitoring wells and, in several instances, 
from adjacent domestic wells. MPCA staff conducted the ground water 
sampling at 46 (75'1) of tt.ese 61 sites. The Minnesota Department'of 
Health (MDH) analyzed all the MPCA samples. The remaining 15 (25:) 
sites have been sampled and analyzed by independent analytical 
laboratories for compliance with MPCA permits or ottoer regulatory 
actions. ·A total of 9 different independent laboratories have 
performed analyses for these 15 landfills. In general, analyses were 
performed using gas chromatography following USEPA methods 502.1, 
503.1; 601 and 602, or variations thereof. Method detection limits 
were typically several micrograms per liter (parts per billion) or 
less. 

Data for 51 VOHs are presented in Table 2. Because several 
laboratories did not distinguish between the different isomers of 
xylene and Cis-1,2-Dichloroethylene and Trans-1,2-Dichloroethylene, 
data for the individual isomers are compiled as either Total Xylenes or 
Cis/Trans-1,2-Dichloroethylene, respectively. Due to different 
monitoring requirements for different landfills, analytical data for 
all 51 VOHs are not available for'all 61 sites. Data for all 51 VOHs 
exist for 38 (62:) of the landfills. 

EVALUATION OF DATA 

VOH analytical data were compiled for each of the 61 landfills to 
determine which VOHs had been oetected in ground water samples for any 
sampling event. VOHs which were present in laboratory, travel or field 
quality assurance blanks were not tabulated. Maximum concentrations of 
individual VOHs have not been tabulated for this paper. The VOH 
analytical data have been evaluated for correlation between specific 
gravity and percent occurrence of each VOH compound (Figure 3) and 
number of VOH compounds detected versus average annual waste volume at 
the landfill site (Figure 4). In addition, population means were 
computed and compared to determine if hazardous waste at the landfill 
is associated with significantly more VOH compounds; if the underlying 
geology plays a significant role in detecting more VDH compounds; and 
if significantly more VOH compounds were found at either metropol it:an 
or rural landfill sites (Table 3). 

RESULTS 

By examination, the correlation between data presented in Figures 3 
and 4 is poor. Numerically, this observation is borne out. The 
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correlation coefficient (r) between the specific gravity of the VOh 
compound and percent occurrence has a value of r~0.42. The correlation 
coeficient between the number of VOH compounds detected and average 
annual waste volume has a value of r=0.03. 

Independence of population means was examined by t-test analysis 1at 
the 0.05 level and the estimated power of the t-test was calculated 
(Zar; 1982) .. Coefficients used in the t-test and for the estimated 
power test are listed in Table 3. For example, case 1 compares the 
VOHs found at those sites underlain by coarse-grained and fine-grained 
sediments. T-test analysis indicates there is a significant difference 
between the number of compounds found under these two hydrogeologic 
conditions. The estimated power of the t-test indicates there is an 80 
percent chance of detecting a difference of at least 7.19 VOH compounds 
between the two population means. 

For the underlying geology, Table 3 shows that there is a 
significant difference between the number of VOH compounds found at 
landfill sites underlain by coarse sediments and those underlcin by 
fine sediments. There was no sionificant difference between the number 
of YOH compounds found at landfiil sites underlain by coarse and mixed 
sediments and fine and mixed sediments. The similar number of VOH 
compounds found at fine and mixed sediment landfil~ sites is evident in 
Table 3. The absolute difference between the two population means is 
1.24 and the estimated power of the t-test indicates only~ six percent 
chance of detecting 1.24 additional VOH compounds. 

T-test analysis has also shown that there was no significant 
difference in the number of VOHs detected between those landfills known 
to have taken hazardous wastes and those suspected of taking hazardous 
wastes. However, there were significantly more YOH compounds at sites 
with known or suspected hazardous wastes than those that did not 
receive these wastes. The estimated power of the t-test indicates the 
significance is greatest for those sites known to have taken the 
wastes. 

There was no sionificant difference in the number of VOH compounds 
at metropolitan and-non-metropolitan landfills. The lack of 
significantly different numbers of VOHs is emphasized by the 30 percent 
estimated power of the t-test. 

CONCLUSIONS 

Figure 3 shows a poor correlation between the specific 
gravity and the percent occurence of a given VOH compound. By 
observation, Figure 3 also indicates that the densest VOH compounds are 
rarely found. Monitoring wells at Minnesota's landfills are 



predominantly constructed to intercept the water table. 
dense VOH compounds in the data base may point to a need 
monitoring well nests. 

The lack. of 
for more 

The poor correlation between number of VOH compounds and average 
annual volume of waste at the landfill indicates that these compounds 
are ubiquitous to all landfill sites regardless of size. Similarly, 
there is no significant difference between the number of VOH compounds 
found at metropolitan area landfills and those in rural settings. This 
points to the large impact that household hazardous wastes may play in 
~egrading the water quality at all landfills. 

Significantly greater numbers of VOH compounds found at landfills 
underlain by coarse materials versus those underlain by fine materials, 
is most likely explained by the enhanced ability for these compounds to 
migrate in these higher permeable strata. From the powers testing, it 
would appear that the mixed and fine-grained sediments behave similarly 
in attenuating VOH compounds. Greater care in designing and installing 
monitoring wells to enhance recharge from coarser lenses in the mixed 
sediments may increase th·e number of YOHs to levels similar to those of 
wells constructed solely in coarse materials. 

Regardless of tt1e landfill setting, YOH compounds have been found 
at the vast majority of Minnesota landfills under study. Because of 
their presence in ground water, their mobility, their limited chemical 
interaction with the environment and their low analytical detection 
limits, YOHs serve as excellent indicators of ground water 
contamination at sanitary landfills. 

SOURCES OF ERROR 

Analytical data for samples collected from monitoring wells 
constructed of various materials are compiled in this study. Thus, in 
some cases, reported YOHs may be artifacts from a well's construction. 
Most notably, data from some PYC solvent-welded wells are included. 
This may cause YOHs, which are contained in solvent glues such as 
tetrahydrofuran, methyl isobutyl k.etone and methyl ethyl ketone 
(Sosebee et al., 1982), to appear to be more common in ground water 
near landfills than is actually the case. 

For many of the landfills, only one YOH sampling event has 
occurred. In these instances the presence of YOHs has not been 
confirmed by resampling and some reported YOHs may be false positives. 
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APPENDIX II. 

SCHEDULE OF PUBLIC INFORMATION MEETINGS HELD FOR DISCUSSION OF 
PROPOSED SOLID WASTE RULES 



Date 

August 18, 1983 

August 31, 1983 

September 2, 1983 

September 7, 1983 

September 8, 1983 

September 9, 1983 

September 12, 1983 

September 13, 1983 

September 14, 1983 

SOLID WASTE MANAGEMENT PROGRAM DEVELOPMENT HISTORY 

Permit/Facility Standards/Financial As.surance 

Party 

Interested Parties 
(rna i 1 in g i is t) 

Metropolitan Council 

Minnesota Waste 
Association and 
Landfill Operators 

State Planning Agency: 
Water Planning Board, 
Southern Minnesota 
Rivers Basin Council 

Citizens League 

Minnesota Association 
of County Planning and 
Zoning Administrators 
(St. Cloud) 

Recycling Association 
of Minnesota 

League of Cities 

Action 

Request for input in 
analyzing·solid waste 
issues in Minnesota. 
Questionnaire enclosed. 

~eeting on solid waste 
issues and question-
" a ire. 

Meeting on solid waste 
issues and question
naire. 

Meeting on solid waste 
issues and question
naire. 

Meeting on solid waste 
issues and question
naire. 

Meeting on solid waste 
issues and question
naire. 

Meeting on solid waste 
issues and questionnaire. 

Meeting on solid waste 
issues and question
naire. 

Waste Management Board Meeting on solid waste 
issues and 
questionnaire. 

October 2, 1987 

Response 

Meeting surrrnary 
Issues 
responsiveness 
surrrnary 

Meeting surrrnary 
Issues 
responsiveness 
surrrnary 

Meeting summary 
Issues 
responsiveness 
summary 

Meeting summary 
Issues 
responsiveness 
sumnary 

Meeting summary 
Issues 
responsiveness 
summary 

Meeting summary 
Issues 
responsiveness 
summary 

Meeting surrrnary 
Issues 
responsiveness 
surrrnary 

Meeting summary 
Issues 
responsiveness 
summary 



.... ~· . 
··~.! 

Date 

September .16, 1983 

September 16, 1983 

September 16, 1983 

September 20, 1983 

September 22, 1983 

September 22, 1983 

September 28, 1983 

September 28, 1983 

September 29, 1983 

October 4, 1983 

-2-

Party 

County Chairpersons 

County Zoning Admini
strators 

Selected Mailing 
(mailing list) 

Minnesota Department 
of Health 

Minnesota Soft Drink 
Associati:on 

Dr. Ray Thron 
Minnesota Department 
of Health 

Scott County 
Solid Waste Officer 

MICA 

Hennepin County 
Solid Waste Officials 

Dakota County Solid 
Waste Officer; 
Washington County 
Planning 

Action 

Request for input in 
analyzing solid waste 
issues in Minnesota. 
Questionnaire enclosed. 

Request for input in 
analyzing solid waste 
issues in Minnesota. 
Questionnaire enclosed. 

Request for.input in. 
analyzing solid waste 
issues in Minnesota. 
Questionnaire enclosed. 

Meeting on solid waste 
issues and question
naire. 

Meeting on solid waste 
issues and question
naire. 

Request for input in· 
analyzing solid waste 
issues in Minnesota. 
Questionnaire enclosed. 

Meeting on solid waste 
issues and question
na i re. 

Meeting on solid waste 
issues and questionnaire. 

Meeting on solid waste 
issues and question
naire. 

Meeting on solid waste 
issues and question
naire. 

Response 

Issues 
responsiveness 
summary 

Issues 
responsiveness 
summary 

Issues 
responsiveness 
summary 

Meeting summary 
Issues 
res pons i venes s 
summary 

Meeting summary 
Issues 
res pons i venes s. 
summary 

Issues 
responsiveness 
summary 

Meeting summary 
Issues 
res pons i venes s 
summary 

Meeting summary 
Issues 
responsiveness 
summary 

Meeting summary 
Issues 
res pons i venes s 
summary 



Date 

November 21. 1983 

December 16. 1983 

January 19, 1984 

May 7, 1984 

May 14, 1984 

June 25, 1984 

July 15, 1984 

October 1, 1984 

Party 

Browning Ferris 
Industries· 

Interested Parties 
(mailing list) 

Interested Parties 
(mailing list) 

-3-

Selected Parties 
(mailing list) 

State Register · 

Tri-County Solid Waste 
Planning Group: Stearns
Sherburne-Benton (Foley) 

Metropolitan Inter
County Association 

Selected Mailing 
(mailing list) 

Action 

Meeting on solid waste 
issues and question
naire·. 

Request for comments 
on proposed MPCA solid 
waste management pro
gram changes. 

Copy of MPCA board 
item· regarding MPCA 
position on State 
,solid waste legi slat ion. 

Soliciting comments on 
rulemaking activities 
asked to reaffirm 
interest in rulemaking 

Response 

Meeting summary 
Issues 
responsiveness 
summary 
Issues 
responsiveness 
summary 

So 1 i d 
rules 
party 
list 

waste 
interested 
mailing 

by returning form with 
areas of interest marked .. 

Notice of Intent to 
Solicit Outside Opinion. 

Meeting on proposed 
financial assurance 
rule. 

Meeting on proposed 
financial assurance 
rule. 

Soliciting comments on 
draft ground water 
policy and its applica
tion to landfill rules. 
Draft copies of policies 
attached. 



Date 

October 1, 1984 

October 2, 1984 

October 3, 1984 

October 14, 1984 

November 6, 1984 

November 9, 1984 

November 19, 1984 

December 4, 1984 

December 5, 1984 

December 6, 1984 

Party 

Solid Waste Rules 
Mailing List 

-4-

Waste Management Board 

Metropolitan Council 

Selected Ma i1 i ng 

Waste Management, l nc. 

Minnesota Chapter -
GRCDA 

Waste Management Board 
Insurance Committee 

Crow Wing County 
Board (Brainerd) 

Metropolitan Inter
County Association 

East Central Multi
County Task Force: 
Isanti, Pine, Chisago, 
Kanabec, and Mille 
Lac Counties (Cambridge) 

Action 

Soliciting comments on 
issues and options for 
the financial assurance 
draft rule. 

Meeting on rough draft 
of rule and issues and 
options for draft rule. 

Meeting on rough draft 
of rule and issues and 
options for draft rule. 

Response 

Rule 
responsiveness 
summary 

Rule 
responsiveness 
summary 

Rule 
responsiveness 
summary 

Meeting on rough draft Rule 
of rule and issues and responsiveness 
options for draft rule. summary 

Meeting on issues and 
options for the draft 
financial assurance 
rule. 

Presentations of all 
rules as envisioned. 

Financial assurance 
draft rule discussed. 

' Meeting on solid waste 
rule development. 

Meeting on solid waste 
rule development. 

Meeting on financial 
assurance draft rule. 

Rule 
responsiveness 
summary 

Meeting summar 
Rule 
res pons i venes s 
summary 

Meeting summar 
Rule 
res pons i venes s 
summary 

Meeting summar 
Rule 
responsiveness 
summary 



Date 

December 11, 1984 

December 12, 1984 

December 12, 1984 

December 21, 1984 

December 27, 1984 

January 10, 1985 

January 17, 1985 

January 24, 1985 

January 24, 1985 

Party 

Winona County Board 
(Winona) 
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Mower County 
Incinerator Committee 
( Austin) 

Selected Mailing 

Earth Protect'or, Inc. 

Selected Mailing-
E nvi ronmenta 1 Groups 

Solid Waste Planning 
Committee: 
LeSueur, Brown, 
and Nicollet Counties 
(Le Center) 

Southwest RDC - lincoln, 
Pipestone, Rock, Lyon, 
Murray, Nobles, Redwood, 
Cottonwood, and 
Jackson Counties 
(Slayton) 

Pennington, f>O,ars ha 11, 
Red Lake, Roseau and 
Polk Counties 
(Thief River Falls) 

Mahnomen, Beltrami, 
Hubbard, Clearwater 
Counties (Bemidji) 

Action 

Meeting on proposed 
financial assurance 
rule. 

Meeting on solid waste 
rule development. 

Soliciting meeting 
for rule discussion. 

Meeting on solid waste 
rule development. 

Soliciting comments on 
rulemaking activities. 
Ask to reaffirm 
interest in rulemaking 
by returning form with 
areas of interest 
marked. 

Meeting on financial 
assurance draft rule. 

Meeting on financial 
assurance draft rule; 

Meeting on financial 
assurance draft rule. 

Meeting on financial 
assurance draft rule. 

Response 

Meeting summary 
Rule 
responsiveness 
summary 

Rule 
res pons i venes s 
summary 

Meeting summary 
Rule 
responsiveness 
summary 

Meeting summary 
Rule · 
responsiveness 
summary 

Meeting summary 
Rule 
responsiveness 
summary 

Meeting summary 
Rule 
responsiveness 
summary 

,., 



Date 

January 25, 1985 

January 28, 1985 

... January 29, 1985 

February 1, 1985 

February 20-21, 1985 

February 27, 1985 

March 20, 1985 

March 20, 1985 

March 21. 1985 

March 22, 1985 
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Party 

Clay, Otter Tail, 
Wi 1 kin, Grant, Pope 
and Douglas Counties 
(Fergus Falls) 

State Register 

Rules Mailing List 

Martin, Watonwan, and 
Faribault Counties, 
City of Fairmont, 
Emmet County, Iowa 
(Fairmont) 

Second Annual MPCA 
Solid Waste 
Seminar ( Bloomington) 

Technical Review Panel 
Financial Assurance 
Rule (panel was 
composed of bankers, 
insurance company 
representatives, and 
surety representatives) 

Waste Management, Inc •. 

County Board 
Chairpersons and Solid 
Waste Officers 

Tri-County Solid Waste 
Management Commission: 
Benton, Sherburne, and 
Stearns Counties 
(Foley) 

National Solid Wastes 
Management Association 

Action 

Meeting on financial 
assurance draft rule. 

Notice of Intent to 
Solicit Outside Opinion. 

Response 

Meeting SLnnmary 
Rule 
responsiveness 
SLnnmary 

Request for comments on Written comments 
enclosed draft financial received 
assurance rule. 

Meeting on financial 
assurance draft rule. 

Presentation of all 
draft rules. 

Meeting on financial 
assurance rule. 

Meeting on draft 
financial assurance 
rule. 

Notice of meeting 
of Board Rules 
Committee. 

Meeting on draft 
financial assurance 
rule. 

Meeting to discuss 
draft financial 
assurance rule. 

Meeting SLnnmary 
Rule 
responsiveness 
summary 

Meeting summary 
Rule 
res pons i venes s 
summary 

Meeting summary 
Rule 
responsiveness 
summary 



Date 

March 23, 1985 

April 8, 1985 

April 11, 1985 

April 11, 1985 

Apri 1 25, 1985 

May 2, 1985 

May 14, 1985 

May 22-23, 1985 

June 11, 1985 

June 14, 1985 

June 24, 1985 

June 27, 1985 
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Party 

National Solid Wastes 
Management Association 
(Bloomington) 

Anoka County Solid 
Waste Officer, 
County Attorney (Anoka) 

Inter-Agency 
Toxi cs Committee 

Metal casters 

Inter-Agency Taxies 
Committee 

Evensen-Dodge, Inc.· 

Inter-Agency Taxies 
Committee 

Wisconsin DNR 
(Madison, Wisconsin) 

Inter-Agency Taxies 
Committee 

Agency Mailing List 

MPCA Solid and 
Hazardous Waste 
Committee Meeting 

Legislative Commission 
on Waste Management 

Action 

Presentation on draft 
financial assurance 
rule. 

Meeting on draft 
financial assurance 
rule. 

Discussion of ground 
water performance 
standards. 

Meeting on technical, 
codisposal rules. 

Discussion of ground 
water performance 
standards. 

Meeting on draft 
financial assurance 
rule. 

Discussion of oround 
· water performance 
standards. 

Discussion of financial 
assurance, techni ca 1 
rules. 

Meeting to discuss 
ground water perform
ance standards. 

Notice of Meeting of 
Solid and Hazardous 
Waste Committee 
(June .24, 1985). 

Overview of financial 
assurance rule. 

Financial assurance 
rule. 

Response 



Date 

July 1, 1985 

July 1, 1985 

July 16, 1985 

July 16, 1985 

July 17, 1985 

July 19, 1985 

July 22, 1985 

J u 1 y 2 3 • 198 5 

July 25, 1985 

July 29, 1985 

Party 

City of Sauk Centre 
(Sauk Centre) 

Rules Mailing lis:t 
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local Chapter of 
National Solid Wastes 
Management Association 

Inter-Agency Toxics 
Committee 

local Chapter of 
National Solid Wastes 
Management Association 

National Solid Wastes 
Management Association, 
( Bloomington) 

Minnesota Health 
Department Ana 1 yt i ca 1 
Services 

Rules Mailing list 

Se 1 ect ed We 11 Drillers I 
Geotechnical Companies 

Selected Analytical 
laboratories 

Action 

Meeting on draft 
financial assurance 
rule. 

Request for comments 
ori enclosed draft 
pennit rule. 

Meeting to discuss 
financial assurance. 

Meeting to discuss 
ground water performance 
standards. 

Meeting to discuss 
financial assurance. 

Solid waste seminar, 
presentation on solid 
waste program 
(Dale Wi kre) 

Meeting to discuss 
monitoring of ground 
water at mixed municipal 
landfills. 

Notice of regional 
public infonnation 
meetings (Aug. /Sept.). 

Meeting to discuss 
monitoring of ground 
water at mixed municipal 
landfills. 

Meeting to discuss 
monitoring of ground 
water at mixed municipal 
landfills. 

Response 

Written comments 
received 



Date 

August 1, 1985 

August 8, 1985 

August 13, 1985 

August 14, 1985 

August 14, 1985 

August 15, 1985 

August 16, 1985 

August 21, 1985 
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Party 

Rules Mailing List 

Local Chapter of 
National Solid Wastes 
Management Association 

General Public, Con
sultants, Solid Waste 
Officers, County 
Commissioners, 
Facility Operators 
( Rosevi11 e) 

Consultants, Facility 
Operators, Others 
Technically Inclined 
(Rosevi11 e) 

Waste Management, Inc. 

Anoka County Solid 
Waste Officer, 
County Attorney 
(Anoka) 

AMC Physical Develop
ment/Environmental 
Committee 
(Brooklyn Park) 

Loca 1 Elected 
Officials, County 
Commissioners, Solid 
Waste Officers, 
Consultants, Facility 
Operators (Owatonna) 

Action 

Request for comments 
on enclosed draft 
technical standards, 
codisposal, and 
financial assurance 
rules. Notice of 
August/September 
informational 
meetings. 

Meeting to discuss 
financial assurance 
rule. 

Public information 
meeting to review 
permit, facility 
standards, codi sposal, 
and financial assurance 
rules. 

Meeting to discuss 
facility standards, 
codisposal, and 
financial assurance. 

Meeting to discuss 
financial assurance 
legislative proposal. 

Meeting on draft 
financial assurance 
rule. 

Meeting to discuss 
a 11 rul es. 

Public information 
meeting on draft 
solid waste rules. 

Response 

Written comments 
received 

Meeting summary 
Rule 
responsiveness 
summary 

Meeting summary 
Rule 
res pons i venes s 
summary 
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( f· 

f:~. 
:.:t· 

Date 

August 22, 1985 

August 28 • 1985 

August 29, 1985 

September 5, 1985 

September·11, 1985 

September 12, 1985 

September 18, 1985 
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Party 

Loca 1 Elected 
Offici a 1 s. County. 
Commissioners, Solid 
Waste Officers, 
Consultants, Facility 
Operators (Marshall) 

Loca 1 Elected 
Officials, County 
Commissioners, Solid 
Waste Officers, 
Consultants, Facility 
Operators 
(Thief River Falls) 

Local Elected 
Officials, County 
Commissioners, Solid 
Waste Officers, 
Consultants, Facility 
Operators ·(Fergus Falls) 

Inter-Agency Toxics 
Committee 

Local Elected 
Officials, County 
Commissioners, Solid 
Waste Officers, 
Consultants, Facility 
Operators (St. Cloud) 

Local Elected 
Officials, County 
Commissioners, Solid 
Waste Officers, 
Consultants, Facility 
Operators (Grand Rapids) 

Minnesota Association 
·of Commerce and 

Industry Environmental 
Committee 

Action 

Public information 
meeting on draft 
solid waste rules. 

Public information 
meeting on draft 
solid waste rules. 

Public information 
meeting on draft 
solid waste rules. 

Meeting to discuss 
ground water 
performance standards. 

Public information 
meeting on draft 
solid waste rules. 

Public information 
meeting on draft . 
solid waste rules. 

Meeting t6 discuss 
·codisposal, planning/ 
certificate of need 
rules. 

Response 

Meeting summary 
Rule 
responsiveness 
summary 

Meeting summary 
Rule 
res pons i venes s 
summary 

Meeting summary 
Rule 
responsiveness 
summary 

Meeting summary 
Rule 
responsiveness 
summary 

Meeting s~mary 
Rule 
responsiveness 
summary 



Date 

September 23, 1985 

September 24, 1985 

September 25, 1985 

_: . ' . . .:. 
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Party 

Agency Mailing List 

Trust Companies 

General Public 
Consultants,. Solid 
Waste Officers, 
Facility Operators, 
County Commissioners 
(Roseville) 

Action 

Notice of meeting 
- of MPCA Board 

SoJid and Hazardous 
Waste Committee 
(Oct. 3 & 4, 1985). 

Meeting to discuss 
financial assurance 
rule. · 

Public information 
meeting on draft 
solid waste rules. 

Response 

Meeting summary 
Rule 
res pons i venes s 
summary 

September 30, 1985 Waste Management, Inc. Meeting to discuss 

October 3-4, 1985 

October 16, 1985 

October 29, 1985 

October 31, 1985 

MPC~ Solid & Hazardous 
Waste Committee 
(Grand Rapids) 

Minnesota Association 
of Commerce and 
Industry 

Metropolitan Council 
Staff 

Metropolitan Council 
Staff 

October/November, 1985 Attendees of public 
information meetings 
August/September, 1985 

November 5, 1985 Legislative Commission 
on Waste Management 

· financial assurance 
legislative proposal. 

Discussion of financial 
assurance, facility 
standards, permit 
ru 1 es . 

Meeting to discuss 
facility standards, 
financial assurance, 
codi s pos a 1 , permit 
ru 1 es . 

Discussion of compost 
rule. 

Discussion of financial 
assurance, facility 
standards, permit rules. 

Meeting summary 
Rule 
responsiveness 
summary 

Phone conversations to Evaluation 
solicit comments about summary. 
the meetings and the 
rules. 

·Meeting to discuss 
financial assurance 
legislative proposal. 

-.,:1 
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Date 

November 6, 1985 

November 7, 1985 

November 18, 1985 

o· 

November 21, 1985 

December 12, 1985 

December 19, 1985 

January 7, 1986 

January 8, 1986 

January 9, 1986 

January 10, 1986 

January 10, 1986 

Party 

Inter-Agency Taxies 
Committee 
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Waste Management, Inc. 

Mcleod County Solid 
Waste Advisory 
Committee (Glencoe) 

National Solid Wastes 
Management Association/ 
Waste Management, Inc. 

Association of 
Minnesota Counties/ 
National Solid Wastes 
Managem~nt Association 
(Arden Hi 11 s) 

Ass,gciation of 
Minnesota Counties 

A$SOCiation of 
Minnesota Counties 

Metropolitan 
Inter-County 
Association 

National Solid Wastes 
Management Association 

Waste Manaoement Board 
Solid Waste Advisory 
Committee 

Waste Management, Inc. 

Action 

Meeting to discuss 
ground water 
performance standards. 

Meeting to discuss 
financial assurance 
1 egisl ative proposal. 

Meeting to discuss 
financial assurance 
rule. 

Meeting to discuss 
proposed financial 
assurance legislation. 

Presentation of MPCA 
solid ·waste program 
directions, including 
rules (Ed Meyer). 

Meeting to discuss 
financial assurance 
legislation. 

Meeting to discuss 
financial assurance 
legislation. 

Meeting to discuss 
fi nan:::i al assurance 
legislation. 

Meeting to discuss 
fi nan:::i al assurance 
l e g i s l a ti on. 

Meeting to discuss 
financial assurance 
legislation. 

Meeting to discuss 
financial assurance 
l egi sl ati on. 

Response 



Date 

January 13, 1986 

January 14, 1986 

January 15, 1986 

January 22., 1986 

January 23, 1986 

January 23, 1g86 

January 27, 1g35 

January 27, 1986 

January 28, 1986 

February 5, 1g35 

Party 

Association of 
Minnesota Counties 

Inter-Agency Taxies 
Committee 
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Legislative Commission 
on Waste Management 

Southwest Regional 
Development Commission 
(Slayton) 

Agency Mailing List 

Legislative Commission 
on Waste Management 

Association of 
Minnesota Counties 
Annual Convention 

MPCA Board Solid and 
Hazardous Waste 
Committee Meeting 

Inter-Agency Toxics 
Committee 

County Commissioners, 
Solid Waste Officers, 
Solid Waste 
Professionals 
(Rochester) 

Action 

Meeting to discuss 
financial assurance 
1 egi sl ati on. 

Meeting to discuss 
ground water 
performance standards. 

Hearing for financial 
assurance legislation. 

Meeting on draft 
financial assurance 
rule, proposed 
legislation. 

Notice of meeting of 
MPCA Board Solid and 
Hazardous Waste · 
Committee on codisposal 
rule. 

Meeting to discuss
proposed financial 
assurance legislation. 

Presentation of MPCA 
oosition on financial 
~ssurance (Dale Wikre). 

Discussion of 
cod i s po sa 1 ru 1 e. 

Meeting to discuss 
ground water 
performance standards. 

Solid waste working 
session. 

Response 

Session Summary 



Date 

February 6, 1986 

February 7, 1986 

February 12, 1986 

February 19, 1986 

February 19-20, 1986 

February 24, 1986 

March 5, 1986 

March 6,. 1986 

March 6, 1986 
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Party Action 

County Commissioners, Solid waste working 
Solid Waste Officers,· session. 
Solid Waste 
Professionals {Eveleth) 

County Cormnissioners, Solid waste working 
Solid Waste Officers, session. 
Solid Waste 
Professionals {Walker) 

County Commissioners, Solid waste working 
Solid Waste Officers, session. 
Solid Waste 
Professionals 
{Mankato) 

Agency Mailing List 

Third Annual MPCA 
Solid Waste 
Seminar {Bloomington) 

MPCA Board Solid and 
Hazardous 1-iaste 
Committee 

County Commissioners, 
Solid Waste Officers, 
Solid Waste 
Profession a 1 s 
(St. C l.oud) 

County Commissioners, 
Solid Waste Officers, 
Solid Waste 
Professionals 
{Thief River Falls) 

Landfill Operators, 
County Solid Waste 
Officers 

Noti'ce of MPCA Solid 
and Hazardous Waste 
Committee meeting on 
codi sposal and 
permit rules. 

Update of all draft 
rules. Presentation 
of adopted planning/ 
certificate of need 
rule. 

Discussion on permit 
and codisposal rules. 

Solid waste working 
session. 

Solid .waste working 
session. 

Request for comments on 
redraft of codisposal 
ru1 e. 

Response 

Session Surmnary 

Session Summary 

Session Summary 

Session Summary 

Session Summary 



Date 

March 7, 1986 

March 13, 1986 

March 14, 1986 

March 20, 1986 

Apri 1 . 7, 1986 

Apri 1 9, 1986 

April 15, 1986 

April 17, 1986 

Apri 1 17, 1986 

Apri 1 21, 1986 

Apri 1 23, 1986 
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Party Action 

County Commissioners, Solid waste working 
Solid Waste Officers, session. 
Solid Waste 
Professionals 
(Fergus Falls) 

County Commissioners, Solid waste working 
Solid Waste Officers, session. 
Solid Waste 
Professionals (S 1 ayton) 

County Commissioners, Solid waste working 
Solid Waste Officers, session. 
Solid Waste 
Professionals 
(Montevideo) 

County Commissioners, Solid waste working 
Solid Waste Officers, session. 
Solid Waste 
Professionals (Roseville) 

Browning~Ferris, Inc. 
(Eden Prairie) 

Consulting Engineers 
Council 

Mcleod County ~oard 
(Glencoe) 

Waste Management, Inc~ 

Consulting Engineers 
Counci 1 

Associat1on of 
Minnesota Counties 
(Montevideo) 

Contingency Action 
Pool Policy Group 

Discussion of all 
technical rules. 

Discussion of all 
technical rules. 

Meeting on draft 
financial assurance, 
rule. · 

Discussion on 
codisposal rule. 

Discussion of 
all technical rules. 

Financial assurance 
rule. 

Meeting to discuss 
financial assurance 
legislation. 

... 

Response 

Session s·ummary 

Session Su1m1ary 

. ' 

Session Su1m1ary 

Session Summary 
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Date 

May 5, 1986 

May 8, 1986 

May 21, 1986 

June 20, 1986 

June 26, 1986 

July 30, 1986 

July 31, 1985 

August 31, 1986 

September 5, 1986 

September 5, 1986 

September 11, 1986 

September 19, 1986 
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Party 

Metropolitan 
Inter-County 
Association 
Environment Committee 

Minnesota Association 
of County Solid Waste 
Officers 

Contingency Action 
Pool Policy Group 

Association of 
Minnesota counties 
Policy Committee 

Contingency Action 
Pool Policy Group 

Jim Morgan, Attorney 
for Waste Management, 
Inc. 

Contingency Action 
Pool Policy Group 

Contingency Action 
Pool Policy Group 

Rules Mailing List 

Risk Pool Work Group 

Risk Pool Work Group 

National Solid Wastes 
Management Association 

Action 

Meeting to discuss 
technical, codisposal, 
and financial assurance 
rules. 

Financial assurance/ 
risk pool meeting. 

Meeting to discuss 
financial assurance 
legislation. 

Financial assurance/ 
risk pool and rules. 

Meeting to discuss 
financial assurance 
legislation. 

Meeting to discuss 
the rules. 

Meeting to discuss 
fi nanci a 1 assurance 
legislation. 

Meeting to discuss 
financial assurance 
1 egi sl ati on. 

Request for input 
into draft solid 
waste rules and 
notice of October 
meetings. 

Risk pool meeting. 

Risk pool meeting. 

Rules update meeting. 

Response 



Date 

September 23, 1986 

September 24, 1986 

October 2, 1986 

October 5, 1986 

October 8, 1986 

October 9, 1986 

October 15, 1986 

October 16, 1986 

October 20, 1986 

October 22, 1986 

October 23, 1986 

October 28, 1986 

Party 

Browning Ferris 
Industries 
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Risk Pool Work Group 

Minnesota Association 
of County Solid Waste 
Officers (St. Cloud) 

Buhler-Miag 
(Eden Prairie) 

Rules Mailing List 
(Duluth) 

Rules Mailing List 
(Brainerd) 

Rules Mailing List 
(Marshall) 

Rules Mailing List 
(Detroit Lakes) 

Minnesota Department 
of Natural Resources 
Staff 

Rules Mailing List 
(Rochester). 

Rules Mailing List 
(St. P au 1 ) 

Risk Pool Work Group 

Action 

Risk pool meeting. 

Risk Pool meeting. 

Rules update meeting. 

Meeting on compost 
ru 1 e. 

Public information 
meeting on final 
draft of solid waste 
rules. 

Public information 
meeting on final 
draft of solid waste 
rules. 

Public information 
meeting on final 
draft of solid waste 
rules. 

Public information 
meetino on final 
draft of solid waste 
rules. 

Meeting to discuss 
the rules. 

Public information 
meeting on final 
draft of solid waste 
rules. 

' Public information 
meeting on final 
draft of solid waste 
rules. 

Risk Pool meeting. 

Response 

Meeting Summary 

Meeting Summary 

Meeting Summary 

Meeting Summary 

Meeting Summary 

Meeting Summary 
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Date 

November 14, 1986 

November 17, 1986 

November 20, 1986 

November 24, 1986 

November 26, 1986 

December 5, 1986 

December 15, 1986 

December 17, 1986 

January 14, 1987 

January 20, 1987 

January 23, 1987 
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Party 

Rules Mailing List 

Agency Mailing List 

Risk Pool Work Group 

MPCA Board Solid and 
Hazardous Waste 
Committee 

Minnesota Waste 
Management Board 

Rules Mailing List 

MPCA Board Solid and 
Hazardous lo.'aste 
Committee 

Hubbard County Board 
of Commissioners 

Consulting Engineers 
Counci 1 

Association of 
Minnesota Counties 
Annual Meeting 

BFI, Inc. 

Action 

Letter extending 
comment period for 
rules and explaining 
rulemaking process. 

Notice of November 24, 
1986, MPCA Solid and 
Hazardous Waste 
Committee meeting on 
ru 1 es . 

Risk pool meeting. 

Update on final draft 
of all proposed rules, 
discussion of ground 
water performance 
standards. 

Discussion of compost 
ru 1 es. 

Notice of December 15, 
1986 MPCA Solid and 
Hazardous Waste 
Committee meeting on 
rules. 

Discussion of financial 
assurance rules. 

Explanation of 
financial assurance 
rules and financial 
instruments. 

Update on rules 
schedule, discussion 
of technical rules. 

Presentation on rules, 
focusing on financial 
assurance and 
rulemaking history. 

Discussion on rules. 

Response 
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Date 

January 28, 1987 

February 19, 1987 

March 3, 1987 

March 16, 1987 

March 18-19, 1987 

March 24, 1987 

July 15, 1987 

July 22, 1987 

August 31, 1987 

.September 25, 1987 

September 30, 1987 
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Party 

MPCA Landfill Ad Hoc 
Committee 

Fourth Annual MPCA 
Solid Waste Seminar 
(Bloomington) 

People Having Sub-· 
mitted Written 
Comments 

Larry Johnson (AIPG) 

Commentors 

NSWMA 

League of Cittes/ 
Association of 
Minnesota Counties 

Consulting Engineers 
Counci 1 

E.I. du Pont de 
Nemours and Company 

GRCDA 

Consulting Engineers 
Council 

' 

Action 

Discussion on rules. 

Solicit comments on 
rules before 
finalizing. 

Letter inviting to a 
last meeting on draft 
rules. 

Hydrogeologist 
certification. 

Solicit comments on 
language of draft 
rules. 

Rules. 

Financial assurance. 

Leachate treatment. 

Liner design. 

Rules. 

Financial assurance. 

Response 

Work on 
Language Change 

Meeting Summary 

Work on 
Language 
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SOLID WASTE MANAGEMENT: INTRODUCTION TO ISSUES AND STAFF ACTIONS 
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ISSUE STATEMENT: The Solid and Hazardous Waste Division is currently reviewing the status 
of solid waste management in Minnesota. This effort entails the review of proposed 
legislation as well as the Agency's existing solid waste policies and rules. The proposed 
legislation addresses procedures for encouraging recycling and resource recovery through 
waste abatement techniques including planning, market development, and education. 
Additionally, closure, post-closure, and contingency funds would be establjshed. In the 
ensuing weeks and·months, the Agency will need to form positions on proposed legislation 
and on new rules and policies reflecting the latest advances in solid waste technology. 
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4. Solid Waste Issues Questionnaire 
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Attachment 1 

SOLID WASTE INSIGHTS AND ISSUES 

July 20, 1983 



·FOREWORD 

The fact sheets as presented in this package represent the staff effort to 
provide a condensed summary of major solid waste issues in terms of the present 
status, current trends, anticipated actions, and current problems. Legislative 
issues are presented in a tabular format to allow efficient comparisons. It is 
intended that these critical evaluations will be thought provoking and will 
break the ground for much needed creative discussion to help establish the 
direction for an improved solid waste.program. The reader is encouragerl to 
critically examine these issues, develop a sense for resolving the inherent 
problems, and provide guidance in defining the Agency goals and objectives in 
the solid waste arena. 
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SOLID WASTE FACT·SHEET 
Solid Waste Management 

Jssue: Technology for improving Minnesota's management of solid waste problems 
exists, but economic, political, and social constraints are holding up progress 
in implementing what we have learned. We need to change our attitude towards 
waste disposal if we are to apply new know-how to our solid waste management 
problems. 

Present Status: Solid waste management consists of the managing of the 
handling, processing, and disposal of solid waste materials. Each day 
approximately 10,600 tons of solid waste are generated statewide. See Table 1 
for a breakdown on what constitutes solid waste. In accordance with Minnesota 
Statutes Chapter 400, the county shall take the primary role in solid waste 
management for their area of jurisdiction. The counties use a county solid 
waste management plan for planning purposes, and a county solid waste ordinance 
for enforcement purposes. The county shall also by statute enforce any and all 
Agency rules. ln theory, the Agency then assumes a position of leadership 
throughout the state to assist the county authorities in solid waste matters •. 
The Agency possesses a level of expertise greater than that found in most 
communities and make it available when appropriate. Other regulatory . 
authorities are scarce, but the legislature allowed the Western Lake Superior 
Sanitary District to be created and has provided for the creation of other waste 
management districts in the future under the lo.'aste Management Act, provided that 
the waste will be directed to a waste reduction type facility. 

In theory, this method of solid waste management sounds ideal, however, in 
practice it falls apart. There is a wide variance as to what degree each county 
participates in solid waste management, resulting in numerous discrepancies 
thr_oughout the state. As an example, there are still more than 200 active 
unpermitted dumps throughout the state of which 60 were published in the Federal 
Register under the RCRA open dump inventory. Additionally, some counties have 
failed to enact or update county solid waste ordinances or in practice fail to 
enforce their ordinance. This situation is especially important since Chapter 
400 requires each county to provide financial assurances for land disposal · 
facilities and most have failed to do so. The poor track record of counties was 
exemolified in 1952 when Blue Earth County failed to act on a bond they had with 
Hansen Landfill to initiate prooer closure of the facility. Furthermore, most 
county solid waste management plans were enacted prior to 1973 and are now ten 
years old or more. During this period, many existing permitted facilities 
throughout the state approached or have reached permitted capacity. This has 
resulted in a ''near'' crisis situation in the Duluth and St. Cloud areas as well 
as the Rochester and metropolitan Agency regions. 

Current Trends: Solid waste management in Minnesota is approaching a cr1s1s 
situation. The popular belief of the early 19}0s that a sanitary landfill 
designed and operated in accordance with Minnesota Rule S~-6 will not pollute 
the environment has come into widespread dispute by the monitoring data facts. 
Based on this, the Agency is now writing new or upgraded permits which may cost 
from $10,000 to $100,000 or more for engineering design and imolementing costs 
and an unknown but substantial amount during the life of the permit. The 

r··· 
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private operator, when faced with such costs, routinely threatens to close 
unless the county buys the facility or at least subsidizes it. Additionally, 
about half of the 103 active permitted landfills are owned by the public sector, 
mostly by the counties themselves. It is a poor management technique to have 
the "fox guard the chicken coop" since the county has the theoret ica 1 primary 
responsibility for enforcement at their own facility! 

The trend is for the counties to not bother with solid waste management unless 
there is an irrrniment "danger" that there will "not be a hole in which to dump 
their garbage." Such "dangers" exist in the St. Cloud and_Duluth areas as well 
as in the metropolitan and Rochester Agency regions.· When faced with this 
prospect, the counties will participate in the siting or other alternative 
aspects of solid waste management, but even then, most will not qet involved 
with peripheral solid waste management issues such as dump closures or 
enforcement at existing sanitary landfills. 

The trend is for the Agency to make up the difference, but this task may easily 
overwhelm existing solid waste or Attorney General staff. Additionally, the 
Agency has not been mandated the specific authority or given the resources to 
provide financial assurances from the landfills. 

Anticipated Actions: 

Rules -The Aoency needs to publish new solid waste rules. The new rules mav 
touch marginaily on some of the problems discussed above, but will not be able 
to infringe to a great deal on county mandates which have failed to be ena:ted. 

Leoislative actions - Bills have been introduced .to tax the landfills to 
provide for financial assuran:es for closure/post-closure activities. Should 
this bill pass, Chapter 400 which requires counties to provide this assurance 
may be changed. 

Aoen:v oolicy - Agency policy will probably be much the same until such time as 
new rules such as the above-mentioned are im?lemented. 

Current Problems: 

1. Although a two tier solid waste management system has solved many 
problems, a number of inequalitie? throughout the state exist in 
planning and enforcement actions. How best can this problem be 
minimized? 

2. The costs of solid waste disposal will likely rise tenfold or more in 
the next decade should many proposed ~hanges in our permits and rules 
become fact. How best can we educate the public in the need for this 
increase to protect Minnesota's valuable resources? 
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Table 1 

Breakci:wl of Solid Waste 
by K iro , Ccnpos it i oo , an:l Sam:e 

Cmpos it i CJ'l 

Wastes frcrn prepa:-atioo, ccrt irg, 
ard ser·v i rg of focd ; IT'8.l"k et 
>estes; wastes frcrn hardlirg, 
storage, 1JlCI sale of pn:xiu:e. 

Crnbust ib le: pape-, cartons, 
boxes, b~ls, w:x:d, excelsior, 
tree brarc!'les , yard tr irrrni ngs , 
\OO:Xl fum iture, be:ld irg, ciJm~e. 

rtn::crrbustible: rretals, tin 
cans, rretal furniture, dirt, 
g 1 ass , crock e:J', mi nera 1 s • 

ResiciJe frcrn fires used for 
cooking 1JlCI heat i rg rn frcrn 
oo-site in::ineratioo. 

Sl.ee::li~s, dirt, leaves, cat01-
bas in dirt, cmL"flts of 1 itter 
re:t;?ta: les. 

Cats, cbgs, horses, COl'S. 

Focd-pro:ess irg >estes, boiler
tm se c irders , 1 t.r1tie" S-.'TaPS , 

rre:a 1 S:ra;:JS, ~havirgs. 

ltrt>e-, pi pes , brick , I'T'eSYiry, 
rn otner c:cnstrv:tiCJ'l rreteria ls 
frcrn razed buildirgs and otner 
stn.oc:tures • 

Scrap 1 tm>e- , pipe, other 
~tim materials. 

So.Jrce 

l-b.J!81o lds, resta.Jrants, 
instituticns, stores, rren:e:s. 

Sa;e as garba;Je. 

Streets, sidewclks, alleys, 
va:Cf'lt io:s. 

Sa.;e as street refuse. 

r:ew litim sites to be used 
fo:-- ne,o~ buildings, rene..el 
proje:ts, expressways. 
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SOLID WASTE FACT SHEET 
Solid Waste Authorities and Responsibilities in Minnesota 

Issue: A number of organizations have responsibilities in solid waste 
management at the state and local level. However, the responsibilities are _not 
coordinated, resulting in fragmented and conflicting solid waste management 
strategies. 

Present Status: Solid waste authorities and responsibilities are depicted in 
the chart attached. Clearly, the number of organizations involved in any 
particular responsibility of solid waste management results in a greater need 
for a unified policy and coordinated approach. 

The Agency has primary regulatory and planning responsibility from the federal 
perspective. However, the implementation of solid waste-management practices 
takes place primarily at the local level. The Agency's duties ate similar to 
the Metropolitan Council, the Waste Management Board, and the counties 
(metropolitan and non-metropolitan), in solid waste planning, enforcement, 
siting, and regulation authorities. Problems have occurred from staff operating 
similar programs at the state, regional and local levels. Often, one level of 
government may refuse to operate a program, citing a similar program at another 
level of government .. Primarily, the problem stems from the enabling legislation 
which inadequately describes the specific responsibilities of the authorities, 
resulting in fragmented programs. 

Current Trends: Each level of government- state, regional, and local - has 
oesignated staff to be responsible for solid waste management. In some cases, 
particularly at the Waste Management Board, the Department of Administration ·and 
the local level, the staff is also assigned other major responsibilities which 
leaves the staff very little time to acquire a significant level of expertise in 
solid waste management. 

In addition, the trend has been to devote less staff and resources to solid 
waste management as budget restrictions occur. This trend comes at a time when 
increasing resources and staff are needed to upgrade or close sites and 
implement alternatives. 

Leaislation has been introduced, HF 695, which further defines the waste 
abatement responsibilities of the Waste Management Board, the Department of 
Administration, the Metropolitan Council and the Agency. However, the 
legislation also creates an additional entity, the Waste Abatement Board. This 
board would utilize three Agency staff- for administration of programs.· For 
further discussion of this legislation, refer ~o the fact sheet on HF 695. 

A move for consolidation of waste abatement activities has also occurred at the 
executive level of state government. A private consultant was asked to prepare 
a proposal which would establish a "Renewable Resources Corrrnission" (or Board) 
which would consolidate many programs now under the Department of Energy, 
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Planning and Development, the Waste Management Board, the Pollution Control 
Agency, and the Department of Administration with respect to energy recovery, 
recycling and composting. 

Current Problems: The primary problem from the staff's view is failure of local 
units of government and regional governments to fulfill their responsibilities 
for planning, inspections, enforcement and financial requirements for solid 
waste manaaement. Questions arise on the level of responsibility which each 
authority should have. For example, should mandatory planning for counties be 
required under certain conditions? Currently S~-11 requires plans to be amended 
as conditions change, but the Agency'and co~nties have ignored that provision. 
Similarly, Chapters 400 and 473 require the counties to become involved in 
inspections, enforcement, and financial requirements for solid waste disposal 
facilities. Some counties have undertaken their responsibilities, but there is 
no coordination in the act to enforce the provisions for those who have not 
acted. The Agency's role should be as primary regulator and planner in solid 
waste management. This role is affected by each authority which has 
responsibility for a portion of solid waste management. Since no single 
authority has taken responsibility for coordination of all organizations 
involved in soli~ waste management, the Agency administration should decide if 
the Agency will accept this role as leader. 

At the state level, the Waste Management Board's authority on high tech 
abatement alternatives are similar to the Agency's. HF 695 gives high tech 
alternatives to the Waste Management Board and low tech alternatives to the 
Agency. For example, conflicts exist because coordination does not occur 
between the local units of government (which are implementing the projects), the 
Agency (which is interested because energy recovery impacts our enforcement and 
planning functions), and the Waste Management Board (who distributes rroney for 
energy recovery projects). 

The Aaencv also has a keen interest in the Department of Administration Resource 
Conse~vat~on Program. The Agency has little coordination with the Department of 
Administration other than to comrrP-nt on their biennial report to the Legislative 
Corrrni s s ion on Waste Management. The resu 1 t has been a minima 1 recyc 1 i ng and 
procurement program for the state. Should the Agency ask the legislature for 
more authority in this area? 

The Agency's role should be as primary regulator and planner in solid waste 
management. This role is affected by each authority which has responsibility 
for a portion of solid waste management. Since no single authority has taken 
responsibility for coordination of all oraanizations involved in solid waste 
management, the Agency administration should decide if the Agency will accept 
this role as leader. 
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SOLID WASTE FACT SHEET 
Staffing 

Issue: Since the Agency's formation in 1968, the staff complement of the Solid 
and Hazardous Waste Division has grown from two to seventy-four. The number of 
staff working on solid waste has shifted almost yearly due to reorganizations 
and changes in priority. These shifts have often depleted staff in programs 
like enforcement and permitting to the point it was difficult to maintain 
programs. 

Present Status: The Solid and Hazardous Waste Division presently has 
comp"tement of 72, 19 of who are directly concerned with solid waste. 
waste staff is further divided into the following areas: 

1. Program Development- five staff plus one vacancy. 
2. Enforcement -three staff plus 1 vacancy. 
3. Permits - seven staff. 
4. Technical Assistance - 2.5 staff. 

The main responsibilities of the various units include: 

a s:c.ff 
The solid 

1. Program Development - review existing solid waste programs and 
legislation, choose the necessary corrective actions, and implement 
these actions (rulemaking, legislative, procedural). 

2. Enforcement - inspect permitted solid waste disposal facilities, respond 
to complaints, initiate mitigative measures (stipulation agreements, 
Board action, etc.) to ensure corrective actions are taken. 

3. Permits -review permit applications for new disposal sites 
(mixed-m~nicipal, derrolition, and industrial wastes), review and uoo:-ade 
existing permits in conjunction with present Agency policies, and assist 
enforcement personnel with technical issues. 

4. Technical Assistance - assist counties in developing management plans, 
assist in public education efforts re'garding solid waste manageme:;t, and 
assist developers of resource recovery systems. 

ln addition, the Waste Management Act required that the Agency develop training 
and certification programs for operators and insoectors of waste disposal 
facilities. The Agency was allocated two full time positions for this purpose, 
and they are located in the Water Quality Div~ion, Operator Training Unit. The 
positions were filled in 1981. 

Current Trends: The Solid Waste Division, when initiated in 1968, had a 
technical staff of four (two in enforcement and two in permits). The main· 
function of the Division at this time was to close. open dumps and permit 
sanitary landfills in the state. From 1970 to 1976, the total staff complement 
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increased from 11 to 22, however, the permitting and enforcement staff increased 
only from five to eight even though permits had now been issued for disposal 
sites and required monitoring by staff. By 1982, the Division had grown to_ 
include 64 staff members, six of who worked directly with permitting and 
enforcement of solid waste disposal facilities. In (August 1982, the Division 
reorganized and from 72 staff members charged 12 with the management of solid 
waste -enforcement, permitting, and technical review. Waste management 
assistance (county planning programs and resource recovery projects) at its 
maximum consisted of nine persons with only 2.5 currently involved in these 
tasks. 

As indicated ea~lie~, 19 staff are cu~rently involved with solid waste 
management. Tne Division is currently moving to upgrade existing permits, issue 
new permits, and bring existing facilities into com~liance with their permits. 
Data from g~ound water studies completed in the state and elsewhere in the 
country indicates solid waste disposal facilities are having a significant 
affect on ground water. Organics as well as heavy metals have been detected in 
the leachate from mixed-municipal waste disposal facilities, for example, which 
readily degrade the surrounding ground water quality. With this information and 
knowledge of improved design and construction techniaues for solid waste 
disposal facilities, the Division is putting forth concerted effort to ensure 
landfills are properly designed and monitored. In order to accomplish this 
task, the Division has divided solid waste into four areas of expertise, as 
1 is ted on page one, and staffed them ~>lith the nurrbers of peop 1 e as approp~i ate 
to acco11'ltJlish the goe:ls of the solid waste program. Of course, the limited 
number of staff available does somewhat dictate the size of anv unit desioned to 
work in this area. • · 

Leoislation introduced in 1983 proposes to tax landfills in order to establish 
closure/post-closure funds alone with a remedial action fund. Should this 
legislation be approved, additional staff will be necessary to prope~ly manage 
the funds and ensure landfills meet the ~equirements to receive funds. 

Anticipated Actions: New solid waste rules, reflectina the best technoloav fo~ 
landfill design, and new legislation may cause the neea for expanded solia-waste 
staff in the areas of permitting, enfo~cement, and technical assistance. The 
commitment to proper solid waste management will become more important as data 
continues to be generated sho~oling the detrimental affects of leachete on ground 
water. Agency policy will need to reflect the Division's commitment to upgrade 
facilities to the best practical technology by enforcement action, technical 
assistance, and strong rules. 

Cu~rent Problems: 

1. Sites have not been adequately forced to install ground water monitoring 
systems. Many sites do not have monitoring systems as required by S~-6. 

2. Ground water monitoring reports have not been evaluated and the 
appropriate follow-up actions instigated. 
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3. Permits have not been reissued in such a manner as to ensure that the 
practice of designing and operating a landfill stays up with 
techological advancements. 

4. Reinspections at problem sites have not always occurred in the 
appropriate intervals to document problems need~d for enforcement 
action. 

5. Special handling and design considerations for wastes such as 
bioinfectious, industrial,-demolition, ash, etc. are minimal due to the 
lack of staff available to determine the proper disposal techniques. 

6. Construction and closure inspections are not completed in a timely 
manner. This means a landfill may start operations wrong from the 
start due to poor construction or the landfill owner will have left a 
site unproperly closed. 

7. Unpermitted sites have not been closed or permitted. 

8. Staff is required to make decisions outside the realm of their 
expertise, as there are not enough specialized personnel to evaluate the 
hydrogeologic conditions of a site,·for example. 
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SOLID WASTE FACT SHEET 
Pennitting 

Issue: The prime objectives of the Solid and Hazardous Waste Division, when 
formed, was to permit open dumps and offer technical assistance. Presently, 
open dumps still remain to be closed or pennitted. Likewise, those permits 
issued in the early 1970s are outdated and need to be upgraded to include ground 
water monitoring and rigid closure requirements. 

Present Status: The Division has started to reissue permits which currently 
have no end cates in their existing permit. In addition to spe:ifying an end 
date, the reissued permit requ.ires the permittee to install a ground water 
monitoring system, develop a closure/post-closure care manuc.l, and show some 
financial capabilities to complete landfill operations through the post-closure 
care period. The Division is also handling pennit applications for new. sites. 
This review may require an initial review of a number of prospective sites for 
their suitability as well as the final application review. 

At the present time, open duiTQs are being.handled by the enforcement staff at 
the central office and regional offices. Little incentive has been qiven to the 
dump owners to properly close their sites since legal action has not-been 
applied to these cases. 

Few industrial permits have been issued. Demolition landfill pennits are issued 
but the requirements of a permit application vary with each application. 

As of June 1983, 251 solid waste disposal permits have been issued by the 
Division. In 1982, six permits were issued and fourteen permits have been 
issued in the first six months of 1983. 

Current Trends: The Division is moving toward five-year permits for all solid 
waste di·sposal facilities. Under this tyee of permit, the facility will be 
reviewed on a regular basis to discover any problems .which the landfill may be 
having or causing. The newer permits also require the applicant to consider the 
true cost of operating a landfill and to set aside moneys for operations whether 
it be closure, post-closure care, or implementation of a remedial contingency 
plan. 

By using a guidance manual, the Division is requ1r1ng more evaluation and design 
considerations of a disposal site prior t6 permitting rather than after problems 
arise. This has made perspective landfill owners more cautious in deciding to 
proceed with a permit application. The process being used now encourages a 
permittee to charge a fee which not only covers the current operations but will 
provide funds for post-closure care. This has caused concern among the landfill 
owners/operators, especially county owned facilities, in that the higher tipping 
fees may cause the public to throw their trash along the roadside causing litter 
control problems. 

. I 
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The Division is currently evaluating the need to permit demolition landfills 
since the waste accepted at these landfills should be inert. The limited number 
of staff available for permitting sanitary, industrial, and demolition landfills 
has caused the Division to reevaluate what type of waste disposal sites should 
be permitted. Some counties such as St. Louis County are working with cities 
and townships to close open dumps by forming sanitary landfill authorities and 
locating one landfill for a large area • 

Anticipated Actions: New solid waste rules are anticipated to be needed. These 
rules will incorporate the latest information concerning the design of landfills 
and their affects on c:-ound water. These rules will be rrore explicit than 
current rules particularly in the areas of closure, post-closure, and financial 
assurance. 

Needed legislation in:ludes the :-equirement for financial assurance to ensure 
landfills are properly closed and maintained after closure. Financial assurance 
~<l'ill also make money available to implement remedial actions, if necessary. 
Legislative action should also provide incentives for·reducing the amount of 
land disposal by taxing such practices. 

The Division needs to finalize the decision to permit demolition landfills and 
how to handle special wastes which are currently being handled throuoh the 
codisposal program. The decision on how and on what time frames permits will be 
reissued and brought into conformance must be made. 

Current Problems: 

l. Permits issued in the first yea:-s of the Division's existence are 
outdated and often do not contain spe:ific requirements for ground water 
monitoring and closure at the site. 

2. Current solid waste rules do not specifically cover spe:ial wastes such 
as fly ash, industrial byproducts, and biohazardous. The rules are 
written very general causing problems for a permit appli:ant in 
submitting the p:-oper information needed by the Division to 
approve/disapprove an application. 

3. Insufficient staff is available to permit all waste disposal sites, 
review current literature, and upgrade existing pe:-mits. 

4. Education on landfill technology is needed to assist the public in 
understanding the problems associated with a landfill. 

5. Insufficient funds are maintained by most landfill owners to properly 
operate and maintain their sites. 
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SOLID WASTE FACT SHEET 
Technical Permitting 

Issue: The Division's solid waste permitting program has changed dramatically 
in the last two years. How has the program changed, and what further changes 
are needed? 

Present Status: A comorehensive permit format is now being used for land 
disposal facilities. The permit is effective for five years. lt contains 
detailed requirements governing engineering, hydrogeologic investigations, 
monitoring, closure/post-closure, financial assurance, and a contingency plan. 

Existing permitted facilities have been ranked mainly according to their 
potential environmental significance; as staff time allows, those facilities 
with non-expiring permits are being issued upgraded permits in order of ranking. 
The Division is also attempting to either close or upgrade and permit a number 
of unpermitted industrial and demolition sites, but for a variety of reasons, 
little has been done with respect to other open du~s. 

ln addition to permits, the Division issues: approvals for certain activities 
mainly codisposal of nonhazardous industrial waste at permitted sanitary 
landfills. Because of limited staff time, the Division is trying to develop 
policies for minimal review of certain kinds of facilities and specific wastes 
tnat have little environmental impact. These in:lude demolition landfills,. 
so 1 i d waste transfer stations, foundry wastes, and power plant fly ash. 

Current Trends: 

1n the Division - A solid waste review manual has been developed to provide for 
a consistent level of staff review, consistent procedures for pro:essing permit 
applications, and a written base for continuous review and updating of permit 
requirements. 

In response to perceived inadequacies in the solid waste reaulations, the entire 
solid waste program is currently under review by the newly formed Solid Waste 
Unit in the Program Development Section. This review, together with concurrent 
deve 1 opmen t of an over a 11 ground water strategy by the Ground \olater Unit, 
prqbably will result in major changes in the solid waste program. 

The technical state of the art in waste disposal is rapidly changing, and there 
is a corresponding increase in the sophistication we are beginning to require in 
all technical areas, from hydrogeologic inves~igations to quality control 
testing in construction. These changed.requirements are imposed only in 
response to actual technical deficiencies, but by boosting the costs of land 
disposal, they unintentionally tend to make ·waste abatement and alternative 
methods of waste disposal economically more competitive. 

·' 

•• I-
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Finally, ·as existing facilities are issued upgraded permits, the required 
hydrogeologic investigations will sometimes show that these landfills are not 
suitably sited. Thus far, this has not led to any forced closures where 
permittees were otherwise cooperative. In the case of Rochester/Olmsted County, 
the Division has advised the county that an adjacent expansion area is 
unsu~table, and it is likely. we wiJl have .. more such "bad news" for other 
permit-holders in the future. 

Other parties - As the costs of land disposal rise, we are seeing more 
multi-county solid waste planning efforts and more interest in waste reduction 
and waste-to-energy systems. The increased public awareness of the 
environmental consequences of land disposal and the 1gso Waste Management Act 
have contributed to this trend. · 

\ 
In the Twin Cities metrooolitan area, the Metrooolitan Council is conside~ina a 
mo~atorium on all landfill expansions in an effort to reduce reserve landfill 
capacity and promote alternatives to landfilling. 

Another trend that may be beginning due to increased costs is the transfer of 
ownership to larger concerns -- from private owners and cities to counties o~ 
larger private firms (e.g., Olmsted and Winona Counties). We will probably see 
smaller facilities close in preference to laraer central sites where costs of 
equipment, staffing, and monitoring can be controlled more effectively. 

Smaller operators, acting through the Minnesota Waste Manaaement Association, 
have become concerned about the cost and availability of insurance for long-term 
liability for environmental cleanup. House bills 695 and 1391 in part are 
attempts to address the liability issue. 

Finally, even some of the recently-prooosed·landfills in less pooulous counties 
are beginning to incorporate less primitive designs and better monitoring well 
construction. The fact that a few of these smaller· counties are takinq some 
initiative spending the additional funds necessary for an acceptable design 
indicates that our requirements do not impose an unacceptable burden. 

Anticioated Actions: The Program Development Section is beginning its review of 
the solid waste rules. It is too early to foresee any likely outcomes of this 
review. 

In the interim, the Division will continue to use and update the recently 
developed Solid Waste Review Manual for processing permit applications and 
upgrading existing permitted facilities. 

Current Problems: Areas that constitute majo~ unresolved ~problems'' in the 
permitting arena generally can be categorized as technical or administrative. 
All of these issues (and many more) will be dealt with in the program review now 
underway. 



-15-

Technical -

1. Design~- performance standards for disposal facilities. Neither is 
adequate by itself. What is the appropriate way to combine them? 

2. Engineering is becoming more e.laborate, complex, and exacting. How can 
quality construction be assured, given that MPCA does not have the 
resources to conduct adequate construction inspections? How can we 
ensure these constructed systems~ mainly buried and out of sight, remain 
functional over the long term? 

3. What are appropriate desian standards for liners, covers, and leachate 
and methane collection systems? When scrutinized, many "good" designs 
probably don't work very well. 

4. The criteria for suitability of a site for land disposal, apart from 
engineering measures, are nebulous and subjective, and vary from staff 
person to person. They will probably largely remain so. 

Administrative -

1. How can solid waste management planning at the local (county) level be 
better integrated with the permit application and review process? 

2. How do we apply our higher standards for facility siting, design, and 
monitoring to existing facilities? Will we reach imoasses in the 
hydrogeologic investigations, and have to close numerous existing 
facilities? 

3. The more detailed, complex permits are more difficult and time-consuming 
for compliance monitoring and enforcement. What procedures must be 
implemented to track and follow up on all the submittals and data now 
required in these permits? Presumably, many more comoliance/enforcement 
staff will be needed, as well as com;:>uter-assisted tracking and data 
storage. 

4. The costs of complying with the recent permits is high --better 
reflecting the ''true'' costs of land disposal. This is unavoidable but 
obviously creates problems for most facility owners. It raises the 
question of whether we should· have different expectations for small vs. 
large facilities, rural~- urban, etc., or let only those owners with 
larger financial resources remain in business. 
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SOLID WASTE FACT SHEET 
Enforcement 

Issue: How best can staff achieve a maximum degree of compliance with those 
rules which most preserve Minnesota's valuable surface and ground water 
resources. What is the best way to eliminate unnecessary enforcement steps and 
utilize the mechanism(s) or procedure(s) which result in the most immediate 
return to compliance status. 

Present Status: At present the Agency and the counties share enforce~nt 
responsibility for solid waste matters. The present Agency enforce~nt scheme 
revolves upon the following actions. 

1. Inspections noting violation. 
2. Follow-up letter. 
3. Enforcement meetinq. 
~. Notice of Violation. 
5. Stipulation Agreement. 
6. Order to Show Cause. 
7. Aaency Board order. 
8. Agency litigation. 

A detailed discussion of each of these mechanisms/procedures can be found in a 
position paper written by Jeff Harthun of the Agency, and is beyond the scope of 
this fact sheet. 

The present county enforcement scheme varies, but in general may consist of: 

1. 
2. 
":> ..-. 
4. 
t: 
~. 

6. 

Inspections noting violation. 
Follow-up letter. 
Enforcement meetina. 
Notice of Violation of license or ordinance condition. 
Possible aopearance before county board. 
County litigation or revocation of license. 

Unfortunately, many counties -are not actively involved in solid ~o.·aste 
enforcement matters, but will concentrate on other aspects of solid waste 
management such as siting new facilities. 

Anticipated Actions: 

Rules - New solid waste rules are needed. It .is anticipated that the new rules 
will be more enforceable than the old ones. But it is not anticipated that new 
rules will assist in recalcitrant situations where the eight enforcement 
mechanisms must still be employed. 
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Legislative actions - New proposed legislation may provide a tax 
provide for closure and post-closure remedial action activities. 
certainly help when enacted. 

on landfills to 
This will 

Aoency policy- Change in Agency policy is anticipated regarding the mechanisms 
and procedures for enforcement. 

At present, the county enforcement program could be somewhat more expedient and 
less cumbersome than the Agency's. For example, all counties may and many will 
renew landfill license(s) on an annual basis. This presents the counties with 
an ideal time to review or seek compliance from the licensee. Unfortunately, 
most counties do not normally take a lead role or even sometimes any role in 
solid waste enforcement issues. This is especially true at facilities where the 
county is the permittee. 

Under either of the two mechanisms involved, if the noncomolier is recalcitrant, 
eventual compliance may not take place for a num~er of years during which time 
the environment and possibly public health may be at peril. 

For perspective, this should be contrasted to the ability of the Minnesota 
Department of Natural Resources to make immediate arrests and or cofiscation of 
equipment for an infringement of environmental laws regarding the taking of 
game. 

Current Trends: The present trend of the Agency is to be more demanding in 
permit conditions for the 103 active modified/sanitary landfills and not do much 
with the approximately 200 open dumps around the' state (of which 60 made the 
RCRA open dump inventory). These permit conditions are very expensive, and 
recalcitrant reactioh has been increasino. Table 1 notes that in recent vears 
there has been a refusal of the recalcit~ants to sign stipulation agreements and 
a reluctance on the Agency's part to pursue the matter to the next level of 
enforcement action. 

In such situations, the Agency may reissue a modified permit to the permittee. 
This may be an advantage since it is a unilateral means of imposing conditions 
upon a solid waste facility, unlike the stipulation agreement which requires 
mutual agreement among the parties involved. The disadvantages of this 
mechanism are: it only applies to facilities which already have permits, can 
only be implemented when existing permit conditions are so:ne how changed, 
modified, or rescinded, and the conditions imposed in the permit may some day 
have to be enforced by one of the eight mechanisms listed above. 

The current trend for landfills is to voluntarily close should Agency 
enforcement pressure increase rather than to corrply with increasingly expensive 
Agency requirements. To date, the Agency has not vigorously pursued facilities 
once they have closed even if closure was not in accordance with Minnesota Rule 
SW-12. 
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Current Problems: 

1. How could the Agency encourage the counties to share in their 
responsibility for solid waste enforcement activities? 

2. It is not clear who should enforce Chapter 400 which requires the 
counties to do certain solid waste activities. S~ould we go back to the 
legislature asking them to make Chapter 400 clearer? 

3. How could we shorten the time frame for compliance from a recalcitrant 
pennittee? 

4. Should the Agency selectively enforce certain solid waste rules to the 
maximum and not bother about the others? 
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Table 1 

· Solid Waste Enforcement Actions 

Notices of Noncompliance Orders to Legal Staffing 
Fiscal Year or Violation Stipulations Show Cause Actions Level 

1971 0 0 0 0 2 

1972 0 ,. 0 0 0 2 

1973 0 26 16 1 2 

1974 0 4 1 0 2 
-

1975 0 3 0 1 2 

1976 0 3 2 1 2 

1977 0 1 0 1 2.5 

1978 0 0 0 0 3.5 

1979 6 5 0 0 11 

. 1980 13 3 (+ 4. not 1 0 11 
sianed) 

1981 15 5 (+ 3 not 0 1 3 
signed) 

1982 5 0 0 0 3 

1983 7 3 (+ 2 not 0 0 3 
signed) 
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SOLID WASTE FACT SHEET 
Solid Waste Abatement and Planning/Technical Assistance 

Issue: Alternatives to land disposal are often not considered or disregarded 
due to the lack of a coordinated waste management strategy at the state level 
and the corresponding lack of knowledge of the true costs of alternatives vs. 

·land disposal. 

Present Status: Each day approximately 10,600 tons of solid waste are generated 
statewide. Of that, only 900 tons per day are recovered (about 10 percent of 
sanitary landfill receipts). Of the state's 103 active permitted sanitary and 
modified landfills, ~1 have less than five years remaining caoacity. Depletion 
of landfill capacity is one of four driving forces that lead local units of 
government to look at their solid waste management system. Local decision 
makers are also finding that many areas are geologically unsuitable or difficult 
for landfilling, disposal costs are rising rapidly, and new landfill sites are 
remote or politically inaccessible. 

The Agency currently has 2.5 employees which are responsible for assisting local 
units of government and other persons in developing, implementing, and 
evaluating alternatives in solid waste management. At its peak, the planning 
section consisted of eight full time employees (1980-1952). The Agency no 
longer has a solid waste demonstration grant program or planning grant money 
(four planning grants are uncompleted). 

The Agency has recently allocated the regional staff more hours in their work 
plan for promoting alternatives to land disposal, by reducing hours in other 
regulatory functions. This is a very significant step in improving the climate 
for integrated solid waste management systems. 

Current Trends: The Solid and Hazardous Waste Division administration, in its 
last reorganization (1983) has stated one goal is to encourage Regulatory 
Compliance staff (permitting and enforcement) to devote more efforts toward 
comprehensive planning. Staff have suggested in position papers that one waste 
abatement planning person be placed at the regional level or assigned to a 
region (based at the central office). 

Some local units of government, landfill operators, and merrbers of the general 
public are finally beginning to understand the long term costs and environmental 
problems associated with land disposal. They look to the Agency to assume a 
leadership role in the proper management of solid wastes. 

Legislation specifically aimed at developing alternatives to land disposal has 
been introduced and will be discussed in hearings during late August and 
September, 1953. 

Anticioated Actions: The Agency will be ,asked to suppo:t legislation which 
would improve the climate and intrastructure for solid waste abatement. This 
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legislation may require the Agency to assume a leadership role in the 
coordination of solid waste activities. (See fact sheets on HF 695 and· HF 
1321.) 

A move for consolidation of waste abatement activities, which is occurring at 
the executi·ve level of state government, may affect the Agency's programs. A 
private consultant has been asked to prepare a proposal which would establish a 
"Renewable Resources Comnission" (or Board) to consolidate many programs now 
under the Department of Energy, Planning, and Development, the Waste Management 
Board, the Pollution Control Agency, and the Department of Administration with 
respect to energy recovery, recycling, and composting. 

( 

Current Problems: The Waste Management Act of 1980 formally recognized a~d 
stated the importance of reducing our dependence on landfills. However, the 
Waste Management Ac: did no: establish a lead organization to promote 
coordination of solid waste management among those o.·ith such authorities. The 
orderly development of an effective solid waste management strategy results in 
reducing the quantity of refuse being buried in the ground. Unfortunately, 
decision makers find it is difficult to select the components of waste for 
special handling such as recycling and corrposting. This la::k of knowledge has 
not only resulted in a lack of rrotivation for exploring "low technology" 
alternatives, but has also promoted the ''all or nothing'' approach. The entity 
responsible for disposal simply treats anything in the system in solid waste to 
be disposed of in a landfill, a waste-to-energy plant, (or a magical black box). 

The Agency has not promoted the orderly development of a coordinated solid waste 
disposal system. The Agency must first develop goals and objectives in solid 
waste management before it can reduce land disposal and assure the coordinated 
development of new alternatives. Management must be dedicated to pianne::J 
development of a total solid waste management strategy. f..s well, the Agency has 
not produced or prom::Jted legislation for funding and staffing solid waste 
management - particularly waste abatement. 

The Agency must also change its internal policies and procedures in waste 
abatement. Currently, problems exist in procurement and use of recycled paper 
for copying and printing and in the reduction and recycling of office paper. A 
commitment by Administration is needed to remove institutional barriers within 
the Agency. The Agency should promote waste reduction and recycling to other 
state agencies and businesses. 

Part of the difficulty of determining an effective solid waste management system 
also stems from the lack of understanding of economics ·of solid waste disposal. 
Decision makers use land disposal as the basis for corroarison of alternatives. 
However", the costs of land dis?osal are artificially low, because most landfills 
are not operated up to state standards and do ·not assess the cost of closure and 
long term care. Worse, in some areas t~alternatives are compared to the cost 
of open du!!r;ling. 
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The Agency, by integrating planning and abatement into the regulatory process 
could establish a mechanism to properly evaluate the true costs of landfills and 
to modify the evaluative progress of waste alternatives. As a first step, the 
Agency should request authority from the legislature to-require a local unit of 
government and other persons which request funds or a permit for land disposal 
to prepare a waste management (abatement) plan or be included_in such a plan. 
This rule would ensure that the local government or other persons should make a 
good faith effort toward development and implementation of an integrated solid 
waste management system. 

• 



Material 

Glass 

Ferrous metal 
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Estimated Recovery of Selected Waste Materials 
July, 1983 

Generated (tons/vear} Recovered 

314,000 (1978)@ 3,500 

127,000 (1978)@ 3,000 

(tons/vear} 

(1978)@ 

(1978)@ 

Plastic 117,000 (1978)@ negligible@ 

Paper (news 341,406 (1983)* 199,000 (1983)* 
and corrugated) 

Aluminum 35,000 (1983)* 18,400 (1983)* 

leaf Composting 146,990 (1978)@ 12,890 (1978)@ 

@Minnesota Resource Recovery Plan, September 1978. 
*Industry supplied data. 

Note: These figures are r~ugh estim~tes. Before any further work is done 
in this area, a detailed survey of generation and recovery rates will 
have to be initiated. 

., ,. 

3 

2.4 

51 

' 53 

9 
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SOLID WASTE FACT SHEET 
Potential Legislative Issues - 1984 

-Need to establish requirements for financial responsibility at solid waste 
f ac il it i es . 

-Operation 
-Closure 
-Post-closure 
-Remedial action 

-Need to establish fund for state to take remedial actions at solid waste 
f ac i 1 it i e s . 

-What constitutes remedial action or what is fund used for? 
-How to finance fund 

-Need fund to promote waste reduction. 

-Encourage recycling, i.e., container deposit 
-Develop markets for recycled goods, i.e., scrap tires 

-Need fund to promote alternatives to landfilling. 

-Resource recovery 
-Incineration 

' -Composting 

-Alternatives and respons'ibilities for landfill management. 

-Solid waste manaoement districts' role 
-Regional government role 
-Agency role 

-Authorities and responsibilities for alternative solid waste management. 

-County 
-Regional. 
-Agency 
-Waste Management Board 
-New governmental bodies 

-Resources to carry out legislation. 



Establishes Financial 
Req.Jire!TB1ts at 

Solid lle.ste F!(;ilities 

a. Cperatirn 

b. C1 OSIJ!t: 

c. Post -C:1 OS LJTt: 

d. Rers:lial ktirn 
( Car: i rge'l: ies) 
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SCUD loAS1E FACT srET 
Potential Legislative Issues - 1984 

IT 695 

Cperator reouired to crntribute 
$ . 3J I cub i:: yare in es-.. 'TCJool occrunt 
($3 rrnllirnlyear). 

M3y be covered tnl"''.Jgh esC'I"'rl 
a::crunt. 

Cb2rator reqJired to coot:ibute 
$ .15 I a.b ic yard in s--..ate furd 
( SJ.. 7 mi 1 l i ool . .er) . Fm::i ca'1 
b: us=d to pay for CJlY a::tims 
( constru::tioo, studies, rep la::&El'1t 
of \116ter ~ ly) the A?=cY cE9T6 
re:essary tD rrntigate direct or 
i rd ire:t darrege s • 

IT 1351 - S' 1312 

It> requi reTB'lts • 

Cberator cootributes $3.0J/tm or 
$. 9J lobi c yard to state fun:j • Che 
tn ird is used fr:r c losLJTt:, past-
e 1 osure , crd 1"'6lB:l i a 1 oct i m . Tax 
redJ::e:J by en:: ti1 i rd upcn proof of 
finarcial catmility. Has ro 
sect i m d i stxlrs i ng fm:::l s for c 1 os l1!"e 

care of permitted fa:ilities. 

(perator contributes $3.0J!ton or 
$.9J/cubic ya."'d to state furd. ere 
ttl ird is used fr:r closure, past
closure, crd rere:Jial a:::tim. Tax 
redx:e:J by cne trlird uxn proof of 
finan::ial capability. Fl.rld will pay 
fr:r all past--:losure care after five 
~ars of corp 1 i arx:e ~ori t'l post
closure care'rules of me k;J=cy. 

~ator cont-'ibutes $3 .OJ/ta1 or 
s . 9J 1 a..b k )'a."'d to state 'fuX . ere 
trlird is use:J fer closure, oost-
c l OSJ:": , CJ1C ri3red i a 1 a:::t i oo . Tax 
redu ::ed by en: tn i rd i,p:ri proof of 
finan:ial coo<Dility. FLE'd will pay 
all 1"'6TB:lial a:::tim fr:r fct:ilities 
¥h icn tne q,e-ator is trM'ill ing or 
t.na:Jle to take tnt: octim. Furd 
will pay en: half"of closure, past
e 1 osure ard 1"'6lB:l i a 1 oct i oo for 
ttlose fa::il ities l'hich are rot 
permitted or cruldn't rre:t me 
finarcia 1 ca;noil ity require1E!lts. 



Estab 1 ish FIJ'rl fcx
Waste Abcrtare1t 

a. FIJ'rl irg r-B:han ism 

c. Mlteri a ls Re::ove;y 

d. E!Ergy re:overy 

e. Co1p::Jst i rg 

f. Ca.mty Plcmirg 
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tT 695 

O;lerator cootributes $.15/o.ilic 
yard into state furd. 

5)..8)'X of ft.rd fer research ard 
~e lo,J'TB1t to- tmrk et tJe..e 1 Cl;lTE'f1t 
crd deve1~t of rmteria1 
processing fa:i1ities (~yard 
~ar'tlrffit of Ererqy Plcming ard 
D?vel~t (!IPD)). FLnds cne 
A:J:n: y p:JS it i 01 , tllree !E'D 
p:JSitions. 

7% of fl.l'Xl for ex:ruragirg system; 
for recovery of TMteria ls, ire ludirg 
1 [)o/ interest 1 oa ns to re:: y: 1 ers an::l 
grants for rreteria ls re::overy to 
p:>1itical slbdivisioos: Fi.Tds t~ree 
Aq:n:y p:JSiti01S ard a tota 1 of 4% 
of mis pcrti01 for actninistrati01. 

1% of furd for tax cred~ts to 
b.l s i TleS se s , \Ill i m PJrCi1 ase pro:ids 
cmposed of recy:led rreterials. 

1% of f t.rd f o- investrre1t tax credit • 

ftl furds dedicated for this ~· 

1% of furd used for research ard 
we 1 q:nart, p l ann irg, end program 
in? l61Blta t i 01 for co-<:CIJOOSt i ro 
(Ag;rr;y - ruts+..ate w=.ste districts). 

3% of fi..Ods for co..mty plamirg in 
rretro;Jolitan end ror-rret~litan 
crunties (r-'e'b-q:lolita'l Crurcil a'l:l 
~y). Flfiis ere /lg!rcy pasiti01 
crd ~ of tnis pcrli01 fcx
a:ininistrati01. 

IT 1361 - 5f' 1312 

(l:>e-ator cootr ib.Jtes $3 • 00 !ton or 
s.ro/abic yard into state funj. 
11<() 'tilirds is u!l:!d for ~o~aste 
itlatsTe'lt. Tax is red.Jced by cne 
third ~ proof of finan::ial 
c:~abil ity. 

thnts fer research ard we 1001B'lt 
in rre:ket cleve 1~t ( Ag;rr.y ~ 
r-'etro;>o 1 itan Coorc i 1 ) • 

G-ants fer cie1mstrati01 proje::ts 
urder exist i rg ru 1 es ard to t:cr1\) lete 
cnmt y aba:tarelt p l ar1s ( A:J:n: y -
r-'etrop:> 1itan Crurc il). 10% of flfil 
fcx- aonin istrat i 01. 

FLTds weiCXJ'TE!Tt of ~ets for 
mcrgy ard g:-ants r.nney fer 
b.Ji1dirg a:·d ~atirg e~ergy 
re::overy praje:ts (five years) 
(Ag:cy- ~litan Crurci1). 

ftl furds dedica""...ed fcr 'til is purpose. 

Finds plamirg assistarce grants 
, 1.1lder existirg rules (ron

rretrw:>liUri crunties c:nly- kJ:rr.y). 
10% of f!Jl':l fcx- adninistraticn. 



Estab 1 ish FLJ"d fer 
Waste Pbcrterelt 

g. Nl 1ic Ed.Jccrt:iCTl 

-ll-

~ 695 

3l;: of flJ"d used fer llBl i a Ci'J!Pa i ~s, 
cash a..rards, am rutstard ;11:3 
achie.oE!!Blt ~Wards in ~ste abatere1t. 
Fll"ds oo posit ioos an:l a tota 1 of 
7% of tnis pcrtiCTl of tne furd for 
adninistratirn. 

~ 1.361 - !Y 1312 

t'b furds de:!icated for tnis p..I!"!))!e. 



kitto:" it ies ard 
ReSpOnsibilities in 

So, i d Waste l't!naOOTB1t 

a. Crunty 

b. Regicna 1 
(M:=:b-opolitan Co..m:il) 

c. Pgn:y 
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ltl charge in !I.Jtilority. 

11Jst li= lay regicna 1 abateTalt plan 
by cne year after p!"'CNisicns of 
tne 1 eto~ take eff e:: t. 

Aoencv asSU1es resocnsibilities 
far a·,, so 1 id o.e.ste recil:t ien ard 
rreteri a 1 recovery systarf;. Pq:rry 
rrust OE.>velop rules fer. distril:x.Jtien 
of fm::ls crd repcrt to Legislative 
Carmi ss ioo en \olaste t-'ariageTB"~t en 
its activities yearly. Pq:rry rrust 
li= lay mforcarent of pretrea:rrm: 
rules fer. Tl'.'in Cities rretal platers 
cn:J c irDJ it boar-:l I'T'BrlJf a:: turers urr: il 
CE'ltralize:l ~al recovery q:weratien 
is in pla:::e. 

d. Waste M:nageTB'lt Board \olcste t-'aliag61E!'lt Board assliTeS 
respoosibilities fer. all energy 
re:overy systan;. 

e. !&' G.:NerrTTBlta l S:xl ies Creates a Waste A':>atarent Board 
W1 i en is o::ll\XlSe:l of pre i e s W1 i en 
ar-e inflU91:e::l by process irg crd 
CJ lle::ti oo grants for recCNery of 
se:cn:jary rreteri a l. Tney CNe~ 
lew interest loans tc re:~ lers ard 
tne grant PJ'"09raiTI (~y). 
lnvo lves I::i2pa-ure1t of Erergy 
Pla-nirg em I:e.te lCXJTEflt in 
cl=ve lo;:nB"It of ITBJ"kets f cr. secm:lary 
m>terials. 

fF 1361 - !I' 1312 

ltl charq! in llJ'ttority. 

ttl chan~ in ilrthcrity. 

AoencvlTUst welqJ rules for 
trie d.is:JJrsem1t of ftrds for 
c 1 osure , p:st -closure , an:! rere::J i a 1 
a:::tioo, for proof of an cpe-ator's 
fir.arc ia 1 cco:Oil ity; an::l for 
dis:JJrsffie"lt of tne la'Xlfill 
10 ataialt f m::l. 

ltl chcrg2 in aJthority. 

ltlte: Alternatives crd respcnsibilities for lirdfi11 rrenagsreit have net dl~. 
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Introduced by D. Nelson, Munier, Norton, 
Forsythe, Onnen 

H. f. No 695 

March 14th, 1963 
Ref to Com on fnviron»ent l Natural Resources 

Compan1on S ~o 
Ref to S. Co•. on ____ _ 

Reproduced by PHJLLlPS LEGISLATIVE SER\'ICE, JN:. 

l 

2 
3 

' 5 
6 
7 
s 

s 

15 

li 

A bill !or ar. a:~ 

rels:ing to environme~:; provi~in; a co~~rehensive 
prog~arn !or re:ove~y o! scli~ wcs:e: i~?~s~n; :axes; 
irn~os:ns c~i~:ncl penal:les; a~entin~ ~:n~esc:a 
S:a~utes l9E2, se::ions :l£:.0£, bv attino 
s:.:X:ivisio:~s; 258.06, bv aOCiru: a 5-.;:>::JviSio:-.; 
;~c?OSJng new la~ coded. ir. ~:r.;esc~a s~a~~~es, cha;~e~ 
:Hr. 

Se:::ic:; :1.. 

suoc. 2. 

s"oc. 3. 

22 fe:ilities s~bseouen: to the ter~ine:ion o! c~e~e:jo~s 2: e~v 

li~!~e~ tc, the cos~s o! the c:acemer.: 

25 

t; 
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Sub<!. 4 . 

eommission~r cf rev~nue. 

Sub<!. S. (DlSTRIBUTOR.)·"Distributo~· means e pe~so~ vho 

sells litter-strea~ produ~ts to retail dealers in this sta~e. 

Sub<!. 6. (l-AND DISPOSAl.. FACILITY.) "Lan~ cist>osal h~ili~,.· 

lan~!ills. anc u~perr.-.ltte~ lanc!ills.• 

su~. 7. [l.lOUOR.) "Liauo~· ''"'!Ins t-th\·) elcchcl anc 

9 distilled, fermented, St>iritOUS, vinou~. enc ma~t beve~eoes 

ll S-.:bC. E. 

14 co~sis:s c~ e: lees: SC o;,e:-ce:-:: class. ?C?e:-, 1T'e:c1. o; ":·1cs::: 

26 te~e-ou~ enc fas~ foocs. 

29 SubC. 10. [OWN::::R OR O?!:RA'l'O? .. ) ":)-.·,-,~~ c~ O::>e~a~c~· J':\P2"S. 

31 interest in lenc vhe~e e lane c!s::>osa: !a:!::tv !s c~ hes ~een 

32 )OC:I!IteC, enC a pe~son· 0~ C:O,-":>O~atior. the: 0''"S .a tr•c-io~it'' 

33 interest i~ e co:-ooie~ion tha~ is .~h~ ovn~:- c~ c~e;e:c; c! e~v 

34 lenc disPOsal iecil!tv. 

35 SubC. ll. 
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l Suhd. l2. [TAX P£RlOD.) "Tax peTio=· meens e calendaT 

2 month or other period prescribed bv rule adoptee bv the 

3 commissioner, on the basis o! vhich the o~ner or opereto~ c! e 

4 lend disposal fecil itv is recuirecl to rePOrt to the conur.issione::-. 

5 Subd. l3. [TAXPAYER.) "TexpeveT" ~eans the o~ner or 

6 operetoT of e lend dispose! fecili~v su~iect to the tex 

7 provisions in sections 3 to 22. 

B Sec. 2. [ll6f.36) [DU7l£S Of WASTE MkNAGEME~· BOARD, 

lO 

l7 ... -··--; ~ ............. - . -

. . . 
~~:::-::"J::..:.c:::es. 

26 Sec. 3. [ll6F.37) [RECYC: .. lNG T.l.X. J 

29 SubC i vis:. o~. "~ 

33 to De::er:-.ber 31. lSEi. \.:as~e e::ce:::e:: !o:-- Cis::>~sc.:: o~. c:- a!:~:-

35 co~~e::teC c~~i:: va~C. 
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tn l 
:\::'tt 
j.~x~ 2 
li7~;, 

it;( 3 
jtd 

' ·:f· 

SubC. 2. !PURPOSE.) '!'he mon .. v colle:tetl !ron-. the tax 

levietl in subdivision l shell ~usee to meneoe solic ~as~e 

:~r s throuoh weste r~duction, r~use.'re~vc~ino. comoostinc, e~~ c~~~~ 

'h,' 

6 ... '• . forms o! tne.te;iels recov~rv. 
> .. 

r,~!. 
7 

i:~w ... e 
:·\ 1 
f•''• 
{~~~ 9 

Subd. 3. 

disoosal facili'v that accepts ~aste !o~ cisoosel e~c tha: :s 

su!:liect to the tax uncle~ subdiv:sio:c 

i~? l 0 

:l cor.:7.:ssione:- c~. ~~es:-:-ibeC !o~r..s. 

12 

~3 

H 

l 5 

H 

17 

lS re~vc!iric :ax ~ue. 

l 9 s~!:l::. • 

20 

~, 

~-

22 

-., 
~-

24 

25 th~ :ex. 

n 

:n 

28 

29 he:- ovn rno:)on reOe:e~.:nes the :ax. 

3C co!r .. -;-.iss~o:"Je:- s!'lc:: c:vf' nc:i::f c! :hf 

31 pe;so~ eoeinst ~ho~ th~ tex is essesset. 

32 s~:x:. 6. 

33 
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l rxc-useblr unde~ the rirrumstancrs, thr rom..,issione~ '""'' rr,.:: 

2 pert or ell of thr peneltv es epp~op~iete unde~ the 

3 circumstancrs. 

SubC. i. (CERTlrlCATE; PR£SUM'PT!VE EVlPENC!.) !! 

S certificate of the comm!ssione~ indira:inc that a taY. has n~: 

6 been paid, thet e retu~n has no~ been file=. the~ info~metio~ 

7 has not been s~r?lirc. or the: ine=:urate ir.!c~rr.a:ion has bee~ 

e supplied as reouire~ in this section or in ~ules adop:e= u~de~ 

9 this sec~ioTl is presw.::-~)ve ~vidence o! )ts cor:~e-:s. 

lO Sec. '. 

ll 

12 

16 se:ticns ~ enf lC. 

Se::. ~. 

22 ;.:.:.O:J.':'l Dl>S. J 

32 o! the s:e:e vhere lo=al me~Y.e:s Cc nc: ex:s: sha:: e~sc bf a· 

SubC.. 2. 

JS c~~ete rules cove~ninc ~he us~ c~ t~is ~=~:io~ c~ :he ~a~:e 

• 
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l grants for th~ Univ~rsitv o! Hinn~sote en~ oth~r hich~r 

2 education institutions and privet~ ~nt~rprise. 

3 also gov~rn the use of consultants to complete prciect 

4 f~asibilities an~ provide other prci~ct dt'velonment sen·ices to 

5 include, but not be li~it~c to, l~cal cou~selinc enc bone 

6 couns~!inc. 

7 SubC. 3. 

B tvo veers o! fun~!nc, the ecenrv shall provide fun~s fer 

r~seerch. development, an~ rree:icn o! th~ follo~ine se:e~~arv 

lO 

ll 

S::oc. L [S7J..7!: .J..G!:Io::Y JOES.] (a) S:c·.~ n::s:::o:o~ s~.c:: b€' 

1"7 com~1eme~~ c~ ~he aoen::\' b\" one. 

16 

lS m~v be use:: !o; s:e:: anC e:=::-.~:--.:s:-:-e:ic:-- !::; :he aoe;-:=v e~= :~,e 

• 
26 (l) the !"'e::ove;\' c: -oa:>e;, c:ess. rre:c}. ~\.:!:!:>e~. e~:: 

28 cercen: s:a:~~ide; e~c 

29 {2) 500,000 :ens ci vas:es !ro~ :he ~!xe~ ~u~i:ina: so:i~ 

31 uses. 

SubC. 5. [L:77!:R P.J..7ROL PROG~~.) 7~e denar:me~: c! 

36 li~t.e:- '!;o~ P:e:es &:"IC e.;~~s -;.~r': a:-e !:'1.:-s: \:se::::e ::: :~f ::·..:::::::. 
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l subci. 6. [R!:SOURCE RECOVERY SYSTEMS. J The eoer.n·· shell be 

2 allocated not mor~ then s~ven p~rcer.t of the {uno to be csec to 

3 promote end assist in the development of resource recovery 
• 4 svstems for the recoverv o! materiels fro~ so!id ~aste or for 

5 the colle"tion, trensoo~tetion, separation. sc~tin:, pro:essinc. 

6 or storinc of solid materials that eic in the re:ove~v of 

7 meteriZils. 

B SubC. "J. 

22 

28 Su:X:. E. 
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abatement board funds mev be allocated fo~ the annual expenses 

of grants based on cuantitv of mete~ial re~overed. The amour.t 

of these crants shall b~ calculated, for the pc~poses of th~ 

first grant, toe pa~ticular unit of cov~~nmen: o~ lnd:an 

reservation, on th~ basis of the total nUl!'.N~ of tons of 

materials ennuallv -recvclecl fro!!'. the resicle!':tiel an~ commer~:el 

sources ~ithin that municiuelitv, cour.tv, c~ Jno:en 

ton o~ rnate~5~ls ~ecvc}e~. 

~x:s~e:"~:e. 

26 slucloe. 

suoc. ~. 

-30 than fou~ percer.t cf the ~ast~ boe~cl funds shoclc be e:lc:s:e~ 

3' funds !or loans, demo~s~~e:ions, e~~ ~e=ove~v ~~oc~a~s. es i~ 

' 35 d~e~s ap~~oo~ie:e. ~h~ cos: o! a~~~~-s:~2:5=~ a~~ s:e!! !c~ :h~ 

• 
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l of th~ po~tion of th~ fun~ d~sc~ib~c in subCivisio~ S. 

2 Subcl. ll. (COUNTY AND MUNICIPAL PLANNING AND PRCGRAY. 

3 ruNDING.) Not mor~ than th~ee pe~c~nt of thP estimated ennuel 

4 balenc~ of the funds shell·be usee for countv enc municipal 

5 r~cvclino proorem plennino enc proc~am funcinc. inclucinc 

6 edrr.inistrat.ivf' ~xp~nses. ThP !unds shall be ~ve~lv 6~vide~ 

7 betv~~n the ecencv enO the metrooo!itan cour:c~l. "!'he 

8 m~tropoliten council enc thP 80Pn=v She:~ dpvp]C: ~ Plan !cr 

13 e sta:e com~leme~: c! one 02s~:5o~. 

23 c~lc..:a;'l::es, e!7.::J.o"-;.>~:--.·. ass:s:c:-.::e, c::-::: e=,_;:c::c--.c: :~e:7".:;.: 

27 corn~Je:e, i! scone~ tha~ feu~ ve2~s. 

28 c~.) '' ~eoues: 

34 the :!uno. .r 

35 S-.:X.. 13. 
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.'!t. 

l fun~ mev ~us~~ for pub~ic in!oM!letion en~ ~clu::e~ior. r~oc:~ems 

2 conc~rninc: vest~ r~cluction, r~rvclinc:, en~ en~i-littPr 

3 ectiviti~s. ~he eoenrv shall ellocete net less the~ onP-tC.iro 

4 . of this portion of thP funcl to clPvelopinc: Jnecie c:e!::-::>eicn~ to 

infontl the public. ~he eoencv Jr,ev create rules to proJnc~e end 5 

6 

7 

8 

9 

lO 

ll 

~2 

:13 

H 

15 

l6 

17 

lE 

lS 

20 

2l 

22 

23 

2' 

:15 

26 

27 

2B 

:19 

30 

., 
~-

32 

33 

3' 

35 

36 

establish ennueJ cesh e~erds to ln~ien r~s~rvetlons. school 

boercls, public enc private nonFro!it croups. en= c:he~:te~Je 

oroeni%etons for local public or school eoucetion end 

pa~ticipa~i~~ p~ocra~s. in eCei~5o~ to ou~s~en=inc e=hi~ve~e~~ 

ew~~ds i~ ~~~v=linc ncnre~illa~Je beve~aoe cc~:e~~e~~. c~he~ 

s~a!f er::: a::.~.:r:is::--e:~~:-. she~} r::::: excee:: Sf>ve:-. pe:--=e~.: c~ :~.:s 

pc;:io~ o! :he !~n~. 

S\.ObC. H. 

rules fo~ ellocatinc monev to 0\.0tS~e~e W2Ste c:s~~:r~s. The 

~istricts that oenera:e ..,es:e !:-o:'i. beth ins~O~ e:'j:: c·.;:siCe t~e 

councll. 
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ir 

l shell submit the plen for approve) to the leoisle~iv~ co~ission 

2 on vest~ meneo~m~nt no let~r then June 1, 198,, The 

3 metropolitan council shell be ellocetec et l~est '0 percen~ o~ 

4 this portion of the fun~ en~ is'entitl~~ to env unused part o~ 

s the eoencv's allocation of this portion or the fun~. ~ne 

6 metroPoliter. council shell not be 11llocetec "'"'' mone'' fro,.,. ~1'-.is 

7 portion or the func until the council BDDroves rules bv the 

8 !ne~TO':)OliteTl 'WeStP t"On~!'"O~ CO~.:ss)or, tha·~ .. ·::J C~}o-.· 

9 co~~~:i:~on !c~ sludoe ~~s?os~~ be:wee~ =~iv2:e b~s~nes~ a~= :he 

10 co::-Jr.issio:c. 

ll eis?ose: tr e~te~=~~ses the: ce~ demc~s:re:~ :he: rr=~~se~ cc~:s 

:2 ... ,,, be less ~her-: ""este cor.t~c: co~ .. -:-.)ss:o:--. cc~:S. 

1S ec:::::c:'Jc: ec·..::::nn€:--.: s!'Jc.:} be :;.:}uOe:: ... :::'= o:~s:·~ essess:71.e-.:. 

20 ':':"'le met~o:>=li:an -..·~s:~ cc:-:::-c: :o::-.::-.iss:c:- ce-.:-.c: i;,:~:;:S': ::-:E 

22 co~~e::~: ~~~s ~::~ :he cos:s tssc:~e:e: ~::~ ex:s:~~= :e=::c .. 

23 a;:: C':lera::nc cos:s c: co~:.-.:ss:~; !c::::::es. 

2' ~he eoen:v en~ rne::-o~=!i:e~ co~;.:i: sh~:~ cease :c ~e:e~ve 

25 ~!1o:e:io~s ~~~ouc~ ~his pc~:ion o~ :he !~~c i! t€:. ne:-:e;.: c~ 

:27 

28 

2S 

co-~~s~ose~ te=hnolo:ies s~=~ e~ co-co~~os:i~c a~~ ==-~~ceE::c~ 

an~ if the en~ me:~:-ie~ is su:cess!~::v me~ke:e~ c~ ~se~. 

SubC. 15. 

30 no~ me:-~ tha~ one p~:-:e~t o! the !un~ ~= the 6eoa:-:me~: c! 

31 r•v•nue fo~ use in p~ovicino ~e~ c~ecits tc bus:nes~ !c~ ~he 

32 pu~chase o! comrnoCitles rnarn.:!e=~\:;e:: •·::r. se::o:;~a~v r..a:e~ic2.s 

33 recoveree !~or., soliC weste. 



l 

2 

3 

5 

6 
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A busin~ss shall r~cpjvp as much as fivP pPrcPnt of the 

total pricP peic for anv comrnoclit\' that is comn~is .. c of 1!\()re 

than 50 pPrc~nt post consume~ municipa~ sol ic vaste. if the 

col!\l!\oclitv is in thP follo..,inc schedule. ~he business sha:l 

r~ceivP as much as !ivp pPrCPn~ of the pu~chese value cf ~he 

7 !ollo~·ino products if the percPnteoe of post consu:t~er mu~ic!oe' 

e soli~ west~ is ~ouel tc, 0~ exc~~as. the pe~ce~teo~ l)st :~ :he 

9 fol)o..,inc schPdul•: 

lO 

l3 fede:-aJ. 

~::-.1;..·..::~ ?~:::e-.: 

16 

17 tn!-C-:22, Cove~. ~c:le: sea: 

l8 U'L'·'r-' 5CD ':'issue, fa~ial 20 

1S tn ... ~--r-:~:B 7'o~o.·e~, '-·:.~:~c:. na:>e:. :~s::-

20 

21 Ul!-':'-OC59E 

:<2 U~•-F·E3ED .:. : 

:<3 lrc1-C-e0f'-

2' "'::. 

25 UP-?-t70~ 

26 ~5 

27 trJ-P·202D 52- (:-:a:S-= 

28 ~ 
29 tnJ-l'-320B 30 

30 trJ-l'- 50J Teletvoevr!ter oeoer 20 (cre::e 

31 ~ 

c 

!3 

32 U'L1-P-5ElF. Paper. tre=inc 100 (ex=e:ot 

33 : \"":)t E) 

3' tnl-P-6€3 e: (---.:. 

35 Ci. ~ v) -
36 uu-'!'-:.lo: 6C {: '\"':.'~ 

.. 
12 
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l 
) 

2 UU-C-9SB 

3 

4 

s 

6 U\!-D-650,1. 

7 U1..'-E- 522E 

e 

s 

10 

:1 

:2 

13 

H 

lS 

l6 U1!-Y-l206i, 

l/ 

lE 

lS 

--·~ 
., 
<- w .. ~-:.-oo~ 9:: 

:2 tr..'-:C-: ?: 

23 L'l'-?-0~2 f:!3 

25 

26 tr.'-i=>-2ll' 

27 

:Z9 UU-l"-t3J 

30 t.rJ-P-0~556K 

31 

33 

3{ U'J-'l'-5Sl'f 

35 

36 

Guid~ C:ll!"dS 

Doilv. oeoer 

[RI:VlSDR 

't 

Mailinc, enveJooe 

!lo~tinc oaoe:-

PaDe~. ~oije~ tissue 

MVli/Cll E3-H 95 

~ 

SC> (~xr:e~~ 

E~.,s~-

boe~c 

-3") 

50 

25 ..,.hjte 

bo,-,::: 

~ 

cc:c:-s 

c c:.: ~ 

- 2~ 

EO 

~·as~e l 



~~: 
\UH 
.f'il' 
\f!i 3-l-B3 
.;~ii: 

-~11 .,. 
liak l ·( V~Stf') 

:csj[. 
tl•.<!' 2 50 

~iii 3 
~--'i' 

Re~ oroenic ~et~rials 50 <oos~ -
\!~h 4 con-

lti~ 5 sumer 

i!ll 6 
~;.. 
··l~: 

~~li_, 7 
t:i 
~;~~: B l! r~ouests for the business tex creC~t ext~eC the 

i~l 9 
6 p; 10 
t"~ .. ;;:.l: 

11 

'~ •• ce:-: be me'";. . 

:3 

H 

15 

16 

:7 
1E 

15 

20 

2J. 

:2 Se::; E. 

~~ "-
2~ 

25 

26 

2'7 

28 

29 

30 

3l 

32 co~~e~se~e !or Camaoes ~es~l~inc !;orr ~he o~era:icns cr c~cs~re 

33 

3' 

I' 35 

36 
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2 drtennines. 

3 Subc!. 3. [REGlSTRATlON.) An ovner or opera~r o! e lend 

4 disposal hc:ilitv thet eccepts vaste fo.,- cisposel enl! that 1s 

5 subiect to theta~ under this section shall, within 20 devs 

6 efter the effectivr date, recistrr "'ith the com."t.issione.,- on 

7 prescribed forms. 

e Subd. C (TAX PI:RlOD REPOI\7 AND PAYM!:t.j' 0!' ':'AX.) An o••ner 

10 20th dev of the mont~ followinc: the close c! ee=h :ex ner1o~. 

lS SubC. 5. 

18 the COll':-.issione:-, th~ C:Om:r.issione.,- sr.c:J ce:e~.ine ':che Bll'.O'.;T.t C! 

lS te:-: Cue !;orr, evaiJ.a!:::le- infc~rr.c~~cr .. N:::::e c~ ~he Oe:e:-r:-.:nc::c;: 

22 the ta~ u~less :he p~:-so~ eoains: vho:- :: is assesse~. vi:~:~ 3C 

25 his or he; o._,r: rno:ior. ;eOete:T..ines t.he tex . .l.~:e~ :he hec:-i~=. 

26 the comrr.issione:-- she.l! cive nc:ice o! the De:e~rr.ine:ic; tc :he 

~7 pe:-son eoe!nst whom :he tax is assessee. 

28 s..,bC. 6. [PI:N.l.:.'l'li:S, 1}.-:'E:I\ES'l'. J A taxnave:- "'ho fa! ls to 

29 !ilr e rrturn vhen due or to pev e tex vhen cue, she:l be 

30 sub1ect to p~nalties ane interest as p;ov5de~ bv ~innesc:e 

31 Statutes, section 290.53. l! the corr::-.issione~ dete:""r..ines :he:. 

32 the failure to comp:v vith e nrovision o~ this sectior. vas 

33 excusable unoer the circumstances, the cor.~issione:- mav re~:~ 

34 pert or ell of the pen~ltv as e~~roPria:e unde~ the 

35 circumstances. 

36 Ser:. 7. 



~I 

3-J-53 

i."-l l"Utro. ) 

SubCi,•ision l. [REVO:..VlNG l"U!.'D CREATED.] Th" senite-v 

3 lan~fill fecilitv continorncv tunc is rsteblishrc as e 

4 nonlapsing, rrvolvlnc func. 'l'h• tunc shall be aclll'.inis~er"c bv 

6 bv thP col!llt.issionrr, pursuant t~ sect. ion 6. 

7 

e 

f·} 9 
!\"'!: 

~~~~.~ 10 

ll 

12 se::ior .. )..., ... 

:3 ~~e no~ lir..:te:: tc: 

H 

15 

16 

17 

18 

19 

20 

21 

22 

33 o~ imreinent hazerc. 

34 SubC.. 4 . 
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l Subd. 5. {ESCROW DEPOSIT.) An o~ner or operator o~ e l~~c 

2 disposal fecilitv shell deposit, on a monthlv basis in an 

3 interest-beerino escro•· account vith en eccreclitec financial 

4 ' • I ' 1nst1tUtlon, en amount eoual to 30 c:e~ts oer compactecl cubic 

5 yercl of ~este ec:ceptecl for disoosal durino the prececinc: month 

6 et the len~ ~isposel fecilitv. !f waste is measured bv othe~ ..... 

7 then c:ompectec cubic varcs, the amount to be deposited shell be 

8 c:alc:uletec bv usino the ecuivelents o~ c:o~oectec c:ubic varcs es 

10 

l' corr .. "r.::s c o~oss r..Ssdemeano:-. 

l5 S-.::X:. i. 

l/ c:OTr ... ~iss:one:- a~. e;'lnuc} e-..::::: c: the es=:-o-.· c=:o~r.:. The a:;:::: 

20 s-.:::,::. 5. 

28 Sec. E. 

31 the texes enC es:;o .. ,. oavmer1ts i~:>ose:: bv se:t lo!'!s f: !.!"1:! i as a 

33 Sec. 9. 



• 
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3 

s 
6 

7 

B 

9 

10 
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provide~ in sections 6 end 7 exist in e~dition to those providr~ 

by stetuto~y or common le~, but no prrson vho re::rives 

compensation for demeors pursuant to env othrr state or fedrre! 

lev shell br permitted to receivr comoerseton for the se~r 

demeors or cleanup costs undrr srctions 6 end 7. 

&rc. 10. [ll6r.44) [S~Lt or LAh~ PlSPOSAL FAC!L!TY.) 

No prrson shell contract to sell len~ ··~.!::h hes ~er use~ 

BS 8 lend disoosel fecilitv Bt env time rrior to the e!fective 

detP o! &Pc~ions l to 22, unl~ss th~ cc~~~e:~ c! se1~ fc~ ~h~ 

ll use~. The eoen::v sh~ll provide. uoo~ ~ritter rec~est. tc e 

12 prosoe:::ive p~rchaser o! such len~ e ~istorv c! the ::c~=::e~:e 

l5 ~h~s se:~5o~ is voideble. 

16 

25 ancl 

26 

26 

29 

Se:. ::. 

{5) l~ss the~ 5.000 c~~i: va~ts ~e~ 

Su!:>C. 2. 

31 the fecilitv is 1oceteC. 

''C-,... ~ c: •• 
~ ~ ,... ,... r-. 0 -- . ,,.: ..... 

32 Subd. 3. [PURPOS!:. J This rn:mev s~c" be usee l:w the ace:-::v 

33 end the cou~ties !or the sc!e ourocse c! de!rev!n: :os:s 

s...,!:>C. '. 

lE 
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1 and recvclino fund for the purposes contained in section 5. 

2 Sec. 12. [ll6r,,6J [DlSPLACED WORKERS.) 

3 A worker vho is displaced or loses e'iob in the bevereoe 

• container menulecturino industry ~ithin two veers of the 

5 effective date of sections l to 22 enc es e cire:t result of 

6 sections l to 22, shall receive not more than one ful1 vee~ of 

7 compensation et full s·ele.,.v. '!'his co~r.pensetion sha~1 be 

B edmiMist~re~ hv ~h~ deoartment o! labo~ ~n~ indust~v an~ sha:! 

9 be poiC: in lie·u of une::-.;:;loVlT\e~.: insl:~en:e be"e~i:~ p~o·.·ioe:: 

10 unde~ che=:er 2fE. ~ vorke~ mev else clai~ ~ ere~:: acs~ns: a~v 

13 env mov~nc ex~ense~ due to reloce:3o~ 5~ c~der tc ob:a:n 

l' ~r..:>lt''"Tileilt, :~no: oaiC bv thf e:7'~}c .... •e;. ':'he ere:::: sr,c~: be 

lS ecua~ tc l00 nerce~: o! the ccs: c~ the vo=a:~ona: cr 

16 e~u:a~ional :rai~~nc o; re::-ai~i~c an~ !c; s~v ~ovinc ex~e~ses 

17 Cue tc :-elo:c:ic:: ~=--· orOe; tc c~:c:r. e;.:~lc,~e~":.. !::>·.J: she:~ :"!=: 

Se:. 13. 

23 

2' tc )r,crecs': the ~-...:rcheses c~ :-eo:,.-::~e:: co~-"':1::-:::: e~ ~._. s-:c::~ 

25 oove~nme~:. ~hes~ =-~les she:l e!:a~~ish 2 2C P~~=e~: =~::e 

27 menu!a::ture:= ir, ~i~neso:a, ir. c~cie~ :c. re~:e:: :he i:-:here-,: 

28 lenC, ene:-cv, cnC na-:u:-cl resot;:-::e sa,·~~~~ nc: cc;;si6e:--~:: i;: ~he 

29 purchese price. ln ecicii:!on, 2 ten nerce~: :r!ce nre!ere~:e 

30 shall be c:vi?r: to co::-:r1o~i:ies· co~tc.!!'".:;"''c re:,·::leC rna:e:-~a~~ nc: 

manu!ecture~ in ~inneso~~-

32 .be lin-.itec! to, the fcllo .... :nc 5te~s: 
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•• 
l .manu!ec:turP~ iT\ ~inT~Psota. 6PCOT\C prP!PrPnCI' she2l b!' civpn to 

2 

3 

~ 

s 
6 

7 

B 

9 

10 

11 

12 

13 

H 

15 

t.6 

17 

:).6 

19 

2.0 

2~ 

:22 

v 
2~ 

2;i 

26 

27 

28 

29 

30 

31 

32 

33 

3' 

35 

36 

cellulosl' insulatioT\ vhich is ~aT\u!acturPC outsidP o! ~inT\esota. 

(c) ~partmPnt of administration rulPs shall be mace 

consistent so that SP!cificatioT\s and cuidelinPs publishPc !e~ 

solicitino 1bids do not contein r~ouirem~nts for o~lv ~virc1n 

mete~iels.• 

(d) DPpartmPnt of administration rules shall bP made 

ccnsistPnt so that specifications fo~ o!!icP pan .. ~s de net 

reoouir~ e ndnimUl'!" brichtness factor creet!"~ -:.he!i c~ S~e·.~ 

vhenPve~ possible. 

st~~e veticles. 

Sec. H. 

C~lSSJON FOR SO~:p WkS7E CO~~E:7l0N.] 

the roetro~olita~ e~ec. The me~~c?c:i":.a~ sc~i= -2s:e b~11i~c 
I 

svs~em cornr..iss5on is c::-ea~e-C es ~he cove;r.iT'lc bo::v c!' the 

su!:x!ivision E. 

SubC. 2. 

20 
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l vhich shall consist of tvo m~mb<>,-s frolT. ~ach cou"~'' vithTC the 

2 svstem, exc~pt that e countv vithin the svst~~ ~hich has e seven 

3 ~~~~~r c:ountv boar~ as provid~c in section 375.01, sha!l heve 

4 one additional member on the c'ommission. Co~issioners sha!! be 

5 memb<>rs of the board o! c:ountv commissioners of their respe:~ive 

6 counties, end shell be eppointec! b,. their r~soective boo,-ds of 

7 coun~v comrni~sion~~s. 

e The t~~s of the m~mbers of the first commission sha!! 

9 expire on December 3l next !ollo~inc their B?POintmen~. 

10 The!"t'e~te; the te:-Yr.~ c! ~he C0!7' .. "':".)5Sione:-s s:-.c:l .b~ o~€ vee; 

29 his or her absence. the vice-:he!,-oerson s~a!! Pres!6e. ~he 

31 S\.!X. 5. 

32 instruments c! the corrJr.ission sha!! be sicne:: :,,. th~ cna!roers::-; 

34 comr.,isslon p'..!~suar:t -:.o e\;tho!"itv !ror.. the c:orr-:..:ss~o:--.. 

35 sux. 6. 

., 
~-

.... 
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l Subd. "7. [VO':'lNG RIGHTS.),., count'· ir. thP svsarn shecl 

2 have onP vote. ~ech commissioner shall havp onP-helf vo~e. hu~ 

3 if onlv one commissioner from e· countv is p~esent, hP o~ she 

4 shall hev~ one full vote. ~he ma~oritv of the votino power o! 

S the co!M'.ission shell hf' a cuorUJl',, althouoh e smaller n=!:-er rt.ev 

6 eo~ourn from time tO time. ,., motiOT\ other than ~~~~ou~nmer.t 

7 sha:.l bt- fevor~C kw e meiorltv o! thf' '"Ot inc povt-:- o! t.he 

I! c:ommi SS ior. in or~er to C:I!TT\'. 

!l SubC. S. [Powt:RS M"D DUTIES Of C~!SS:O).:.) ~hp c:o:r.r..iss:e, 

(a) ~ha: p~jvetf' ha-.;le:-s car. a::~'JS": "the::- m':)r.:!--.2\' :t;:~~:~: 

1' tC' cus~omer-s '"·:--..r. e 6D-c5.a,· nc:)=e ~c ... he co:r .. -r.:ssio~.: 

30 enci recv:linc ~ 0 .. unc. 

31 Se:. 15. 

32 SubCivision l. 

?2 

;.t. 



' 

l 

2 

3 

' 
5 
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7 
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!l 
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12 

13 

H 

15 

16 

l/ 

l8 

~9 

20 

21 

22 

23 

2' 

25 

26 

27 

28 
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bonds forth~ purpos~ provid~d in subdivision 4. 

Subd. 2. {DELAYED ENrORCEKE~7 Or RU~S.) Th~ m~tropolitan 

council end Hinn~sou pollution control ao~ncv s'ha"l ella•· a 

d~lev in th~ ~nforc~m~nt of pr~tr~etm~nt rul~s until Jenuerv 

19B6, vh~n th~ Tvin Citv metal plet~rs en~ circuit bosrd 

menufectur~r~ have ~en oiven e reesoneble opportunitv to desion 

end implement e centreli%eC! ml'tel recoverv operation. 

Subd. 3. [A.LLOCA'T!ON.) 'The lecislature allocates S30D.OOO 

SYST!'Y.. j 

. . 
lete~ the~ June l. 196,. The :lan sh~~~ c= 5~:o e~~e=: ~c l2:e~ 

30 the costs cf ell soliC! ~aste co!le:t!o~ bv develc:!nc B ~cce 

31 e~~icien~· 8n~ mo~e coo~dinate~ svs~e~ o! co~lectio~ 2~~ 

33 s~pa:-etior: :>:-occa::ts to be de,·elo::>ec !r: cc:ciu:1ctio~ •·!:h 

34 oroen!%eC! cclle:tion; 131 to en:ou:-aoe :o~~e:!t!o~ !ro~ ~ "2:-oe 

.. 
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l aree to prevent ~onopolisti~ conditions; enc 15) to provide for 

2 eas ie~ implement at ion of resourc~ recover• svstems. 

3 Sec. 17. [ll6T.S1) [STUDIES Ah~ REPORTS.) 

Su~ivision l. !ANNUAL REPORT BY AGENCY.) Bv June 30 of 

S each year, the eoencv shell file s repo~t to the lecisletive 

6 commlsslon on Yestr menao~ment sprc)!vjnc thP t.otaJ emount of 

7 monev collectec bv the commissioner pursuant to sections 3 e~o 
/ 

8 10 for the fiscal veer, the toal amount o~ the surp1us ir. the 

lD to s~:tior. ~, anC re:::om.menda-:. !t':i~ !c:"" le-::s~e: :o:- _ ct~e:"" 

ll ections. 

12 S1.:bC. ? . 

17 ea=:-: vee:- to the leclsle~5ve cc:::.~:ss:o~ o; .... 2s:£O r..c~e::~~e~:. 

18 S'..:bC. 3. 

25 other ections. 

. . 
29 pu;suer.t to se::~io1"l 5. enC tc re:c~ .. ~'!!"1C lec:~s~a:io!". o:-- c:h~:-

32 (e) methods to meet the con~3tio~s s~~~:!iee i~ se::io~ 15. 
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l svst~ms until r~c:vclinc ~com~s ~cono,.,-ic8llv vi8bl~; 8nc 

2 (b) ~nsu~ing th~ mon~y su~plus pu~suent to se:tior 3 

3 dirninish~s i! the c:oncitions soeci!i~o in sectio; 5 8~e me:. 

' S~c. lB. [ll6f.52) [FLOW Of WAS7E CON7RDL.) 

5 W8ste districts end units of covernrnent usinc the:~ p~~e~ 

6 to dire~~ the- flo._· o~ vest~ to soe~i'!'):: sol·iC waste !e::)J.~t)es 

7 shall: 

22 -- .... ·· .......... .... -. ~ ....... " .... 

25 s!.andcr-Cs. 

2E Se:. 19. [ll6F.53] [RULES.] 

29 

30 

31 ·sec. 2C. Minnesota Statutes lSE2, se::t.ion ll6F. Of, is 

32 amended by 8dding 8 subdivision to reac: 

Su~. 2a. 

3' l8belinc: svsterr. fo~ ea:l': packaoe sole !o:- cons=:-: ion in 

36 fc:llo•·inc: 

25 
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(a) ~ QrPPn recvclino emble~ &ha~! ~ p!a:e~ o~ ea:h 

package that is made from at least 25 percent re:vcleo mete~ial 

or is recvclable. 

(b) A vellow recyclinc emtlr~ sha:! be placed on ea:h 

packeor that is made from at lust 25 percer.t r-ecvchc materis1 

but is not rpcvc:lable. 

shall be plec:e~ en each pec:kaor sol~ fo~ co,-,s'-lr-.~t ior. in 

emendec by edcin,; a subCivision to rea:.: 

Su:X:. 2b. 

Sec. 22. l<inneso:.a S:.a:.u:.es lSc:, se::.lc~. 2s:.D£, is 

amendeO by edC.int; a subCivision to :-ea::: 

SubC. 9!:::. [SEC:ONDk!'.~· HA7Er.lk:.S ?RO:ESSORS J.J\:: 

usee. 

b'-'ilcinc, machine~v vehicles, tocls, c~ ecu:-::o,e:-:: the: is 

i~tc ope:-e:ion, u:ili~e~. or accui:-e~ bv e t:-ad~r c~ b~sin~ss 
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l oTicinal application. '!'ht> h:ili~v must bt> loceac'! ..;.i~hin 

2 .-.innesota. 

3 •post-r:onsumpr seconden· materiel• is meteri..el that is 

' utili~ec'! in thf' plact' o! primerv or rew material in 

5 menu!ar:turino 11 npw product. '!'his material includes wastE" oaot'r 

6 ant'! seconcla,-v fibers, class r:ullf't. fe,-,-ous metals. plastics, 

7 tires discarde~ textiles, en~ rew o,..oanic matter recleime~ bv 

8 taxpevprs from oe,-baoe, trash. refuse, or r:orr~erciel or 

9 8c~:e~!ture~ o~e;e~io~s. 

10 'Tt--.is tnete~ic.: does no: !r::~ude • .. :es:e c:- s:::-c~ ~he~ is 

ll crt>ete~ !~ e ma~~!a~:~r!nc cr ~cnvpr:!~c coeretic~ w~~~~ is 

12 r~usee b,· the same man~!actu:-e; c:- ~as:E o; s:::-e= n~:-::~2se~ !;c~ 

!3 ancthe; manu!ac:u:-e; who rnanc!e::u:-es :he same o; clcse~v 

l' relate~ =:-o6uc~s to n:-oduc:s ma~u!ac:c;e~ hv thf :ax~eve;. 

l5 

16 

Sec. 23. [E!'!'EC'!'jVE D,!.':':S.] 
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05/19/83 [REVISOR ] MVH/KC 83-2578 

lntrocluced by D. Hel•cm, l.o~!i H F ~ D61 .. "o ____ _ 

May 2lnl, 1983 CompanionS F No. ________ __ 
Ref. to Com. on Envirohaent 6 Natural Resources Ref. to S. Com. on 

Reprocluced by PHil.!. IPS l.EGIS!.ATlVE SER\'ICE, INC. 

1 

2 
3 
4 
5 
0 
7 
8 
9 

10 
J.J. 

A bill for an ac~ 

relat1ng to solid waste; 1mpos1ng a tax on operators 
of solid waste C1sposal !ac:l1~1es; es~abl~sh:ng funds 
for abatement, cleanup, closure, anC postclosu~e care 
o~ sol~d waste d~sposal !acilit1es; prov:d:ng du~1es 
and authority to ~he pollu~ion control agency; 
requ:rlng adopt1on of rules !or closure, postclosure 
care, and !1nanc1al responsibil1~y for landfill 
operators; provid~ng penal~~es; appropriatlng money; 
proposing new law coded in ~innescta Statutes, chapter 
Do. 

l3 BE I'! ENACT:::D EY TH::: LEGJS:.~.CURE OF THE :::-:;.:::::: OF 1-:INN:::SO?J..: 

Section l. 1116.46 J I sc:.!D w;..:::::::: :..At::>:::.:. ":J.Y.. 1 

15 Subdivision 1. [ D:::FH::":lONS.] ':"ne cie!:1:::: ~: c"s p::-o,·iciec 

16 ~":.1s s-..:.bC.:~·is:ion a;::ply ~o se::~ions l 'to 4-. 

,_ 
-I 

18 

19 

(a) ''Agency" mea:1s the po:l\.:~i.on con't!"ol agency. 

(b) "Corrun:.ssio:1e:-" means t.he corrur.1ss:one:- o: revenue. 

(c) ''~ixed munic1pal solld. wast.e" means t...,e was:.e de!'ined. 

20 in sec~1on ll5A.03. s~bdlv~s~on 21. 

21 ( ci) "O;:>era-:or" means -:.he perm~ ~'tee, O\ol!'le::-. o::-. othe::- perso::: 

~2 in cot~:-ol o~ a facili~y unde:- a lease, con~rac~, or o~her 

------------~~--------------------------------------------
23 arrangement. 

24 (e) ''Remedial ac~ion" means ac~ion taken to prevent, 

26 caused by a solid was~e disposal fa=~l~~y and which poses a 

27 subs":antial danger to the public heal":.h or ~el!a::-e c::- ~~e 

28 en'\·ironm~nt, incluciin; invest.igat.ion a.:1C. e~on:i t.orinc; action. 

l 
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l (f) "Solid waste disposal facility" means real or personal 

2 property which is pnmarily uaed for the land disposal o! m1xed 

·--------------------------------------------------------------3 municipal solid waste. 

4 Subd. 2. [AMOUh7 OF TAX; APPLICATION.] The operator of a 

5 aolid waete disposal facility sh~ll pay a tax on solid waste 

6 accepted at the facillty as follows: 

7 (a) A solld waste diaposal.facility that weighs the was~e 

--------------------------------~------------------------
8 whlch it accepts shall pay a tax of SJ per ton of aolld waste 

9 accepted. 

10 (b) A solid waste disposal !acil":y tha~ does no~ we1gh ~he 

n was~e ~h1ch :~ accep~s bu~ ~a~ measu~e~ ~he volume o: ~he waste 

12 sha~l pay a tax o! 90 cents per cub1c ya~d of waste accepted. 

l3 (c) A sol~d waste d1sposal fac::.l:ty that does net mea~~~e 

l4 the we:gh.t or volume of wast.e accepted shall pay a 't.a>'. based on 

15 equ::.valent. cub1c yards accepted by 't.he !acil::. t.y as c:ie'te.:-r..::.ned by 

16 the agency. 

17 The tax imposed unde:- thls subdi\·ision may be :-ed'"cec! by 

18 the amount of tax which lS att:-ibutable to waste accep-:eC by t.he 

19 !acili~y whlch is sepa:-ated !o= recyclin~ o= reuse an~ ~s no": 

20 la::.d d:sposed. 

21 Subd. 3. [TAX REDU:::ED UPON PROOF OF FINAN::: I AL 

22 

23 

24 .O:..:~e :-eq:t::..:-eme':"l":S of age:-.cy =ules und:e= sec-:icn 4 .:..s :-educe:: by 

25 o~e-thi:-d. The d::-ecto:- c! the age::.cy shall ce:-~:!y the 

26 adequacy of p:-oo! of !~:-.ancial reS?Ons~bil~t.y unde:- ~~.:..s 

27 subd1 v.:.. sior,. 

28 Subd. 4. [PAY?'I!:l\7 OF TAX.] On o::c before the 20th day cf 

29 each month each operator shall p~y the tax due unde= this 

30 section !or 'the prev~oue mont.h, u_sin<; a form provided by ~~e 

31 corn.-:.lsSloner. 

32 Subc!. 5. I EXCHANGE OF INFORl'.A'!lON.] Notwi thstand:nc; the 

~ 
33 

34 

:!5 

~ 
36 

provieion8 of section 116.075, the pollution control agency may 

provide 'the commissione:- o! revenue witlJ. ~e ir.!orr.~a-:.:.on 

necessary !o= ~e enforcement c! ~~is section. lr.!o:-r..at.ion 

~isclosed in a :-etu=n ~ileC under ~~:.s section :.s p~!:.c 

~ 
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l information. Information exchanged between the commlssloner and 

-·------·-------------·-----------------------------------------2 the agency ie public unless the information 1s o! the type 

----------------------------------------------------------3 determined to be for the confldentlal use of the agency under 

-------------------------------------------------------------4 section 116.075 or is trade secret informat1on classlfied under 

---------------------------------------------------------------s· section 13.37. Information obtained in the course of an audlt 

--------------------------------------------------------------6 of the taxpayer by the department of revenue shall be prlvate or 

----------------------------------------------------------------
7 nonpubllc data to the extent that it is not d~rectly d1vulged ln 

B a return o! the tax. 

9 Subd. 6. [PENALTIES; ENFORCEMEh7. J The audit, penalty, and 

10 enforcement prov1sions app!1cable to taxes :mposed under chap~e= 

ll 290 apply 'tc t.he ~axes .lrt'.?Osec! unde:" ~'1.1s sec~ion anC. 'those 

12 p!"OVlSlons shall be adrr . .:.nlstered by t.he cornmissione:-. 

13 Subc!. 7. (RULES. J '!he comrr.~sslone:: may adopt tempo::o·:'Y a:od 

14 pe:-manent. rules necessa:-y -:.o lmplement. the p:-ovis1ons o! t.!:1s 

:15 sec~ion. 

16 Subc!. B. (ADMINISTRATIVE EXPENSES.] &~y amount expended by 

17 the comrnis~ioner !rom a general fund a~prop=iat.ion to en!o:-ce 

18 and admi~ister ~~is section shall be reirr~ursed to the general 

19 !u:nd and the amount necessa::·y to make the re.:.r..burseme~t. is 

20 app::oprlated !rom the lanc!~:ll abatement !u:od to the 

21 co~~iss1oner o! finance !or·t=ansfer ~o the general fund. 

22 S'-lbd. 9. fD!SPOS!7lO~ OF PRO:E~DS.] ~he p~oceeds c: ~he 

23 taxes i~posed under ~h!s sec~.:.on :nclud:n~ in~eres~ a~~ 

2' pena!~1es shall be depos~t.e~ as !ollo~s: 

25 (a) two-~irds o! the proceeds shall be deposi~eC ln ~he 

26 land!~ll abatement !und,es,ablished in seCtlCn 2; and 

27 (b) one-~~ird o! ~~e proceeds shall be deposited l!1 the 

28 lanC!ill closure, pos~closure. and ~emeCial ac~ion f~nd 

29 es~ablisheci in section 3. 

30 Sec. 2. 

31 Subdivision l. (~STABLISa~NT; PURPOS~S.] '!he la:od~ill 

32 abatement fund is created as an account in the state treasury in 

33 order to reduce to the grea~es~ ex~ent feas~ble anC pruder.~ ~he 

34 need for and prac~ice of land disposal o! ~ixed municipal solid 

35 was~e. The !und L~all consist of reve:oue deposited in ~~e fund 

------------------------------------·------------·-------------36 under section 1, subdi '\"~sion 9, clause (a) and 1.r..~eres~ earned 

3· 
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l on investment o! money ~n the fund. Subject to appropriat~on by 

2 the legislature, the money ~n the fund may be spent only !or the 

----------------------------------------------------------------
3 follo~ing purpoaea: . 

-------------------4 (a) aolid ~aate management planning assistance under 

----------------------------------------------------S sections llSA.42 to llSA.46; 

6 (b) aolid ~aste management demonstration projects under 

7 sections llSA.49 to ll5A.S3; 

e (c) grants to el~gible recipients for resource recovery 

9 projects and market development un~er subd~vision 3; 

----------------------------------------------------
lO (d) grants !or research and developme~t ~n the area of 

ll solid was~e aba~ement anC mark~~ develcpmen~ !o~ reusable or 

12 recyclable solid waste mater1als; 

13 (e) grants to complete and ~n-.plement county and rec;lc:oal 

14- land!ill abatement plans; and 

15 (f) regulatory actlvities of the agency as descr~bed in 

16 subdivislon 2, clause (b). 

17 Subc. 2. iAPPROPRlA"::lONS. (a) Up to ten percent of the 

18 money ~n-the fund may be appropriated to the agency !or grants 

19 under subcivision l, clause (d). 

20 {b) Up to ten percen~ c! the money in ~he !un~ may be 

21 app~o~riateC ~o the agency ;o= development, acic~~:o~. a~d 

22 

23 

2.; 

25 clauses (a) anC (b), 60 pe=cen~ o! the ano~n~ a~pr~p=ia~eC :s 

26 available to t..'1.e polh.!~ion con:.=ol agency fo::- assls:.2.:1::e :.o 

27 

28 the me~ropoll~an area as de!~neC :n section 473.121, and 40 

29 percen.'t is avc..ilable -:.o the agency for assistance to pol:.t.lcal 

t 
30 

:n I 

subC.i visions and. o-:.her ell ;-:ible recip:.e:1~s l.n -:..."le me'":ropol:.. :.a~ 

area. Not. more than t.en percen~ of each amount rr.ay be used by 

~ 32 the agency and the council to adn-.in~ster the ;ran~s. 

L :33 Subd. :3. 

I . 34-
I 

G~ants may be made to elic;ible recipients for resource recovery 
,. 
I 

35 .. projec~s and development o! rnarke~s !or reusable cr recyclable 
I ,.. 

36 I 
r 

scll.C waste ma~e~ials. The grants may i~clude the cost c! 

[ 
I c 
I 
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1 planning, acquisition of land and equ1pment, capltal 

2 improvements, and operat1on o! a proJect. Grants under this 

------------------------------------------------------------
3 subdivision for acquiait1on of land and equlpment and !or 

---------------------------------------------------------
4 capital improvements may not exceed 50 percent o! the cost of 

-------------------------------------------------------------
5 the project. Cranta for operat1ng costs are lim1ted to not more 

----------------------------------------------------------------6 than five years of operation beginn1ng at not more than 50 

7 percent of the coats 1n the !1rst year and reduced 1n each 

8 succeed1ng year by at least one.-fifth of the amount pe.1d 1n the 

9 El:g1ble recipients under- t~:s subdlVlSlOn are 

10 l~~lted to Clties, countles, and eoli~ waste management 

11 d:strlcts. Eligible rec:plen-::s may apply for gran-::s unde:c th1s 

12 a'..:.bC.lvislon on behalf a: othe:- pe:-sons. 7he g:can-:: prog:cam under 

13 thls subdlvision shall be adrr.:n:s-::e::-ed by the po!lu--;1on cc-:c.-::rol 

1~ agency acco:cding to rules adopted under chap-::e:c 14, excepoo; :r. 

15 the metropo"itan area where the p:cog:cam shall be adre:n:s-::e::-ed by 

16 the me~ropol!ta~ council unde:- chap~e:- 473 1n a manne~ 

17 cons1 stent. a·:~~ the rules o·! ~e agency. 

18 Sec. 3. [ 116. 48 J [ LANDF! LL CLOSUR:S, POS'7:::LOSUR!:, NO 

19 R:SMEDihL h:::T!ON ruh~. 

20 Subdi.v1sion 1. jESThSL!SH~ENT.] The lan~!ill closu:ce, 

21 pos-:.closure, and remeC.ia: ac-:.io:1 !unci .:.s c~e~"=.f'C as an a=cm . .:.::-: 

22 ~he !und co~s.:.s-:s o! ~eve~ue depos1~e~ 

~~ recove~ed ~nde:- sub~:v:s~cn 5; and ln~eres~ ea~~ed on :~ves-:.~~~~ 

25 o: money in the !unci. 

26 leg1slature, money in the fun~ may be spent by the agency as 

:7 provided in subdivisions 2 to '· 

28 Sub~. 2. [REMEDIAL he7ION.] The agency may take "easona~le 

29 and necessary remedial action ~ith respect to a solid waste 

30 di~posal facility, including a closed !acility. Excep~ !o:-

------------------------------------------------------~----31 remedial action under subdlvision 3 or 4, the agency may take 

32 remedial action only i! it determines -;hat the ope"ator or o~~e:c 

33 pe:-son responsible !or remedlal action is U..,l.'illing o:: unab-le to 

34 take ~e action. Except as o~er\r·.ise p:-ovideC in s'..lbc!ivlslons 3 

36 required to pay the expenses o! remedial ac-::ion -::aker. by ~~e 

-------------------------------------------------------~----

5 
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l agency at the facility as provided !or recovery o! cleanup 

---·------------------------------------------------------2 expenses under section 115.071, subdivision 3. 

----------------------------------------------3 Subd. 3. !ASSISTANCE FOR CLOSURE, POSTCLOSURE, AND 

4 REM~DIAL ACTION.] For a facility that is not required to comply 

5 with the financial responsioility rules o! the agency adopted 

-------------------------------------------------------------o under section 4, aubdiv~sion 2, and ~hat is not subJect to a. 

7 reduced rate o! tax under eect~on 1, subdlVl~lon 3, the agency 

B shall pay: 

9 (a) Up to one-half of the reasonable and necessary expenses 

10 for closure and posttlosure care author>zed by the agency at a 

ll !acll:ty for wn~ch the operator has paid the full tax under 

12 eectlcn :. subd:vislon 3. A':'. O?e:-at.or is elic;:.ble !or paymer.~ 

13 of ten percent of the expenses for every four years of payment 

1..; o! t...~e :full tax under sec~1on :1, sub d.:. v.:. s.:. on 3: and 

15 (b) One-hal! of the reasonable and necessary expenses c! 

15 remedial action taken at the facili~y by or Wlth ~he 

17 authorlza~ion o! the agency unless the condltlons that regu:red 

18 remecilal act1on we:-e caused. by failu:-e of ~e ope:-a"to= t.o comply 

19 \.'!~h the t:e:nns of an agency pe:-r..it, o:-cie:-, :-ule, o:- st.:p·..:.la~lor .. 

20 No operat.o:- :lS elit;:ble !c:- payrnen:.s unde:- ~:s su::,c.:.·:is:c:~ 

21 fo:- cos~s incu:-:-eC before ~e rcles adop~eC unde:- sec~lo~ 4 a:-e 

:<:2 e!fec":.lve. This subdivislon does no~ apply ":.c a fac~!:~y tha~ 

23 Cj\lali!ies for postclosu:-e ca:-e unde-:: s...:b~:Y:S.lOr'l 4. 

24 Subd. 4. [ POSTCLOSUF.E CAF-E. ) ':'he agency shall pay t:Oe 

25 expenses of postclosure ca:-e anC reasonable and necessa:-y 

26 remedial ac~ion a~ a facili~y ~~at has been closed :..~ CO~?lia~ce 

27 w::. t-"1 the closu:-e rules of tlle agency anC that. has co~:;)~ led "''::. ":h 

2B the pos~closure care rule5 o! ~~e agency io~ a~ leas~ !~ve yea:s 

29 to demonstrate that there i$ no substantlal llkelih6od that the 

30 fac~lity will cause pol1ut~on of the water: land, or a~r outside 

31 of the facility site ~at poses a subs~ar.~ia1 danger to ~he 

32 public health or welfare or ~e environment. 

33 ~e facility is not liable under section :15.071 or any o~,er 

34 law for the expenseB of postclosure care or remedial actlon 

35 'taken .by the agency at. tllat. !acil:-:y unde:- ~ .. :s s'...!bc:il.v:sl.on. 

36 Subd. 5. !RECOVERY OF EXPENSES. J A.--,y ;::rov1s:on of tias 
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_:;tl 
··'-H. 1 section which relieves the operator of a facility from liability 
H·t::'; ----------------------------------------------·-----------------
;,~;<·•0 2 for the payment of the agency's expenses for remedial action, 

r·~,f~·~: 

3 (~~~·I 
-------------------------------------------------------------closure, or postclosure care shall not be conl!t_rued to affect 

-------------------------------------------------------------4 
\3:1:~': 

the liability of any other person vho may be liable for those 

-------------------------------------------------------------\If'r s expense!!. When the agency incurs expenses for remedial action; 
~ ->· 

(\,iJ. 6 
---------------------------------------------------------------closure, or pol!tclosure care at a facility, the agency is 

E~\ 7 ··>· 
subrogated to any right of action which the operator of the 

'••'" 

fti:r 8 facility may have aqainst any other perl!on for the recovery of 
~'i;!\ 
t ' ~·:!; 9 the expen,.es. The attorney general may br~ng an act~on to 

n:i:( 
10 recove~ amoun~s spent by the agency under th~s sec~1on !~o~ 

ii 11 persons ~o•ho may be 1~ able for -.:hem. Amounts recoveree shall be 

12 deposited in the landf~l! closure, pos~closu~e. a~d ~eme~1al 

13 ac'tion fund. 

14 subc. 6. [RULES.] The agency shall adopt rules to 

15 admin~ster this sect1on, !nclud!ng procedures !or: (a) 

16 evaluating and taking appropriate remecial action; (b) provlding 

17 assis~ance for closure and postclosure care under subdivislon 3; 

18 and (c) paying expenses under subdivis~on '· 

19 Sec. '· ! :Cl6. '9] ! Lhh'D::-H.:. c:..osURE AND POS';::LOSUF.E; 

20 ::-INAN::IhL RESPONS!B!LlTY.] 

21 Subciv1sicn 1. [CLOSURE A~'D POSTCLOSURE RV:.ES.] The age~cy 

22 shall adopt rules establis~!ng requirements !or the closure c! 

23 solid waste C~sposal fac~:~~les anC !or ~he pos~clcsure =are o: 

24 closed !ac~ll'ties. 

25 fac~lities in ope=a~ion a~ the time ~he =~les are ado~~eC. 

26 Compliance wi~ the r~les shall be a conC1tion o! obta:~ing cr 

27 retain~ng a pe~~t to operate the facil~ty. ':"he rules shall 

28 provide standa~ds and procedures !or clos1ng Cisposal !ac:l:~:es 

29 and fer the care, maintenance, and rnon:tor~ng o! ~~e !acil:t~eE 

30 a!te= closure which will -~reven~. mitigate, or m:nimlze the 

-----------------------------------------------------------31 dangers to public health and the envlronment tha~ are posed by 

32 closed disposal facilities. 

33 Subd. 2. (FlNAN=:hL RESPONS!BIL!TY RULES.] The agency 

34 shall adopt rules requi:-ing ~!'le ope:-ator o! a sc~iC "'·as~e 

35 C.isposal facility ~o subtr.i.t to t..."'le agen::y p:-oc! cf ~'1e 

36 cpe:-a--:or's !~nanc:.l'al capab:.l:ty to pro\.·~de ::-easc~abl~ and 

7 
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1 necessary remedial action dur~ng the operat1ng life of the 

----------------------------------------------------------2 facility ·and to provide for the closure of the facility and 

-----------------~-----------------------------------------3 poetclosure care required under agency rules. Proof of 

-------------------------------------------------------4 financial responsibility shall be required of the operator of a 

---------------------------------------------------------------5 facility receiving an original permit or a permit for expans1on 

---------------------------------------------------------------6 after adoption of the rules and to the operator of a facility 

7 with a remaining capacity of more than five year6 or 500.000 

e· cubic yards that is in operation at the t~me the rules are 

9 adopted. Compliance with the rules shall be a condltion o! 

10 cb'tainlnc; o:- ret.alr.lng a permit 'to operate 'the !ac:l:..':y. 

11 Sec:. S. [APPROPRif..';lON M";) ::Ol'.P:..EMEI':'; .] 

12 Subc!i vi s1 on l. 

·13 arnoun~s are ap~ropria~ed from the lan~fill aba~emen~ :unC ~o the 

14 pollu~ion con~rol agency for the bienn1um end1ng June 30, 1985: 

15 (a) fo~ solid -as~e managerne~~ planning assistance ~~de~ 

16 sec~1ons 1l5A.C2 ~o l1SA.46, S .......... ; 

17 (b) for sol1d 1o1as~e demons~_ra~ion proJeC~s under sec~:ons 

---------------------------------------------~-----------
18 1l5t-..49 "o 1l5t-..53, $ .......... ; 

19 (c) !or gran~s for reso~~ce recovery p=ojec~s alld ma~ke~ 

20 developmen~ unde~ sec:1cn 2, s~b~lV!Slon 3, S .......... ; 

21 

22 2, subc:·nslon 1, clause (c!], 5 .......... . 

23 (e) for g~an~s !or lanC!ill a~a~eme~t ?lann!n; ~nder 

24 5~C~ion 2. subdivlslon l, c~ause (e), $ .......... : a~d 

25 (!) for solid waste managemen~ reg~la~cry aC~lVl~ies o! the 

26 pollu~ion control agency under sec~:on 2, subdivis:on 2. c:ause 

27 (b), $ .......... . 

28 Subd. 2. {LANDFIC.t CI..CSURE, POST:::LOSiJRE. AND REME::llAL 

29 AC7ION FUND.] $ ...•....•. is appropria~ed from ~he land!1ll 

30 closure, pos~closure, and remedial ac~ion !unC to the pollution 

31 con~rol agency !or the bie~~ium ending June 30, 1985, !or 

32 remedial action under section 3, subdlvislon 2. Not more than 

33 S.......... o! that amoun" may be spen't for ac!rr.:.nis'tra~ive 

34 expenses. 

35 5\.!bd. 3. [CO~~~E~~ OF ?OLLL~lON COt;-;RO~ AGENCY.] 7he 

36 complement o! the pollu~ion con~rol agency is in=reasec! by ... 

e 
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l positions to implement sections 1 to 4. 

2 Subd. 4. [TAX ADMINISTRA~lON. J $ ...... ····. is 

3 appropriated from the qeneral fund to the commistioner of 

--------------------------------------------~-----------4 revenue for the purpose of &dm1nistering sectnon 1. This 

----------~--~-------------------------------~--~--------5 appropriation shall be reimbursed to the gene~al fund under 

----------~----------------------------------~--~----------6 section 1, subdivision S. The complement of the 'department of 

7 revenue is 1ncreaeed by .... position6. 

8 Sec. 6. (EFFECTIVE DATE.) 

9 Section 4 is effective the day following final enactment. 

10 ~~ remain~ng eec~ions c! th1s ac~ a~e e!!ec~ive July 1, lSB~. 

--------------------------------------------------------------



1. 

2. 

3. 

4. 

Attachment 4 

Abatement/Planning Issues 

It has been suggested that solid waste management is not perceived as a 
problem by the general public and therefore abatement is not perceived as 
necessary. Do you think that lack of public awareness is a serious problem? 
What has been your past experience with this problem? Finally, what do you 
think the state and county should do to improve public awareness of solid 
waste management? (i.e: school programs and curriculum, media campaigns, 
literature distribution). 

Do you think the state and co'unty government systems should assume a 
leadership role in waste abatement? What actions should the government 
take? (i.e. change purchasing and design specifications, require recycling 
programs, pro:ure products through life cycle costing.) 

In many areas of the state, some materials cannot be reclaimed because of 
lack of established markets which are close enouoh to allow for economically 
viable recovery. What actions should the state take to improve the market 
situation? (provide grants/loans for facilities and rese~rch and 
development, provide investment property-or sales tax credits). 

Should counties and other entities applying for land disposai permits be 
required to thoroughly consider, and choose where feasible; non disposal 
alternatives? Does the EAW/EIS process accomplish this task? Should a 
waste abatement plan be required before a permit is issued? 
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Enforcement Issues 

1. Is there a solid waste management problem in Minnesota? If so, what should 
the priority actions be to resolve the problem? Do you think current 
enforcement actions have been effective? Are they timely? How could they 
be improved? What are the alternative approaches to enforcement? 

2. What type of standards should the age'ncy enforce? Which ones are the most 
important? Are aesthetic concerns important in landfill operations? 

3. Should transfer stations, tire storaoe areas, junk yards, demolition or 
compost sites be regulated? By whom? 

4. What is the county role in solid waste management? 

5. What should the county role be in enforcement? For private operations? For 
pub 1 i c? 



6. Are open and abandoned dumps a'problem? If so. what should be done? By 
whom? 

7. Should non-hazardous industrial wastes {sludges. resins. etc.) be regulated? 
How? By whom? 



:~;u Closure/Post-closure/Continoencv Fundina Issues 

i·'j~ .. ;:l 
i·;:,:, 1. How many unpermitted disposal sites remain unclosed (open dumps, inactive 
~~~ sites)? 

!!J;~; 2. How has the 1 oc a 1 government attempted to achieve c 1 osure? 

:~~:; 
(~~'· 

3. Have counties been requ1r1ng performance bonds 
not why? If so, what have they accomplished? 
responsible for bonding owners/operators? Are 
ensure proper closure? 

at permitted landfills? If 
Should the Agency be 
performance bonds adequate to 

4. How should closure/post-closure/contingency actions at both permitted and 
unpermitted landfills be required? How should they be funded? Should 
post-closure be required at terminated dumps? How should this be funded? 

5. Who should manage closure/post-closure/contingency funds? How can the 
tape be kept to a minimum but ensure reports and payment are accurate? 
should funds be collected and what amount? 

,• 

red 
How 



6. Should a portion of the closure/post-closure or contingency funds be 
dedicated to inspection and enforcement by MPCA? By counties? Both or 
neither? Should permit fees be'collected by MPCA to fund inspection 
enforcement and permit programs? 

7. How should funding sources affect modified landfills? Should they receive 
more or less aid based on size? 

8. Currently, the Agency's policy is to require most closure activities at 
permitted landfills (grading, final cover, seeding) to be completed 
while the facility is active. Should the general fund or other tax 
generated funds be used to pay for all such activities or only at those 
sites which are improperly closed and no efforts are made by the owner 
to correct the situation? ' 

9. When, if ever, should the state be responsible for post-closure care? 
How should these funds be collected? 

10. A contingency plan is intended to review the possible problems which might 
arise at a disposal site and present the necessary procedures~ with cost· 
estimates, to correct the situation. What type of actions (ground water 
flow diversion, collection, treatment, surface drainage modifications, 
increased monitoring, repair damaged vegetation, reseeding, etc.) sho~ld the 
fund pay for? Which things should not be funded? 

i' 



11. What is necessary to get remedial actions, closure, and post-closure care 
done properly and in a timely manner? Should the Agency have the ability to 
levee fines and hire the work completed with costs charged to the disposal 
site owner? 

12. How should publicly owned facilities fit into funding requirements? 

13. Is an escrow account, with funds reverting to the state if not used by the 
contributor, likely to act as an incentive for the permitee to delay, until 
closure, activities that should be done during the operational life of the 
fac i 1 ity? 

14. Should remedial actions at disposal sites go beyond isolating or containing 
the waste source to containing and treating contaminated ground water? 



Liabilitv Issues 

1. Who should be liable for problems at disposal sites? 

2. What types of financial mechanisms should be used - trust fund, insurance, 
letter of credit, bonds, etc.? 

3. How should publicly owned facilities fit into this process? 

4. How long.should the appropriate party(ies) be held liable for problems at 
the site? 

5. If the state assures responsibility for the site at some future time, how 
should this be accomplished? 

6. Should any distinction be made in extent of liability for owners of existing 
sites (especially those with limited remaining lifespan)~· sites permitted 
after any change in legislation? 



Attachment 5 

Letter was sent to the the following list of people on August 18, 1983: 

Mr. Richard Pecar 
Resource Management Associates, Inc. 
333 Sibley Street 
St. ?aul, Minnesota 55101 

Mr. Nelson French 
Project Environment 
Boyd Place Suite North 
2929 Fourth Avenue South 
Minneapolis, Minnesota 55408 

Mr. Curtis Johnson 
Citizens League 
Syndicate Building 
84 South Sixth Street 
Minneapolis, Minnesota 55402 

Mr. John f~ado 1 e 
Washington County Solid ~aste Pla1ner 
14900 6lst Street North 
Stillwater, Minnesota 5508~ 

Ms. Barbara Kelley 
Minnesota Waste' Association 
Suite 600, St. Paul Building 
6 West Fifth Street 
St.· Paul, Minnesota 55102 

t~s. Norma Cameron 
Minnesota Department of Administration 
671 North Robert Street 
St. Paul, Minnesota 55101 

Mr. Daniel Krivit 
Minneapolis Department of Public Works 
City Hall 
350 South Fifth Steet, Room 203 
Minneapolis, Minnesota 55415 

Mr. David Locey 
Minnesota Soft Drink Association 
2353 Rice Street 
Roseville, Minnesota 55113 

Mr. Robert Pulford 
Minnesota Waste Management Board 
123 Thorson Building 
7323 - 58th Avenue North 
Crystal, Minnesota 55428 

Mr. Paul Smith 
Metropolitan Council 
Room 300, Metro Square Building 

' 7th and Robert Streets 
St. Paul, Minnesota 55101 

Ms. Sue Fries 
Metropolitan Inter-County Association 
114 Metro Square Building 
7th and Robert Streets 
St. Paul, Minnesota 55101 

Ms. Jeanne Crampton 
Minnesota Leaoue of Women Voters 
555 Wabasha, ~oom 212 
St. Paul, Minnesota 55102 · 

l-'1s. Linda Br:uerrrner 
Planning Division 
Minnesota Department of Energy, 
Planning and Development 

Room lOP, Capitol Square Building 
St. Paul, Minnesota 55101 

Mr. Gary Englund 
Minnesota Department of Heclth 
Environmental Health Division 

Water Supply and General Engineering 
717 Delaware Street Southwest, Post Office Box 
Minneapolis, Minnesota 55440 

Ms. ~~ari lyn Lundberg, Exe::utive Se::retcry 
Southern Minnesota Rivers Basin Board 
600 American Center Building 
150 East Kellogg Boulevard 
St. Paul, Minnesota 55101 

Mr. Michael Howe, President 
Assoc~ation of Minnesota County Zoning Officers 
c/o Pope County Environmental Planning Office 
County Courthouse 
Glenwood, Minnesota 56334 

Mr. Steven Knioht 
Planning Department 
Western Lake Superior Sanitarv District 
27th Avenue West and Waterfro~t 
Duluth, Minnesota 55806 



Mr. Robert Bystrom 
Minnesota Environmental Education Board 
Post Office Box 5 
Centennial Building, 658 Cedar Street 
St. Paul, Minnesota 55155 

Mr. Bob Hutchison 
1 

Anoka County Comprehensive Health Department 
County Courthouse 
Anoka, Minnesota 55303 

Mr. William Dilks 
Ms. Virginia Harris 
Carver County Courthouse 
Chaska, Minnesota 55318 

Mr. Ron Spong 
Dakota County Community Health Services 
1600 West Highway 55 
Hastings, Minnesota 55033 

Mr. Luther Nelson 
Hennepin County Department of Public Works 
Environmental Services Division 
320 Washinoton South 
Hopkins, Minnesota 55343 

Mr. Douglas Wood and 
Ms. Colleen Halpine 
Ramsey County Community Health Service -

Division of Environmental Health 
1910 West County Road B - Suite 209 
Roseville, Minnesota 55113 

Mr. Al Frechette 
Scott County Environmental Health Officer 
County Courthouse 
Shakopee, Minnesota 55379 

Mr. Mike Rhyner 
Association of Minnesota Counties 
555 Park Street 
St. Paul, Minnesota 55103 
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~s ... Nancy Grimsby 
Recycling Association of Minnesota 
c/o Nancy Grimsby 
5932 Wooddale Avenue 
Minneapolis, Minnesota 55424 

Mr. Paul Parker 
National Association of Recycling Industries 
330 Madison Avenue 
New York, New York 10017 



APPENDIX IV. 

SOLID WASTE ACTION PLAN FOR THE MINNESOTA POLLUTION CONTROL AGENCY 
NOVEMBER 22, 1983 



0 U T L I N E 

ISSUE STATEMENT 

A. The primary means for solid waste disposal changed from dumps to 
landfills in the 1970's. 

B. Landfills cause pollution and waste of resources and energy. 

U-22-83 

C. Reasonable and practical alternatives to land disposal are available. 

D. State policy should be to minimize the use of landfills. 

E. The MPCA should play a lead role in implementing policy. 

I. Back around: 

History of solid waste management; Minnesota and nationally. 

A. Early practices and controls. 

B. Policy and legislative transitions of the 1970's. 

C. Directions established by the Waste Management Act, recent technical 
discoveries and changes in public perceptions. 

I I. Discussion: 

A. Environmental protection: 

1. Ground water pollution has been documented at 30 percent of 

Minnesota's permitted mixed-municipal waste landfills. 

2. Ground water is presumed to be degraded at the majority of the 
111 active and 20 closed or inactive permitted landfills, 
although the extent of impacts and the threat to water users is 
unknown. 

3. Only 25 (19 percent) of the 131 landfills have currently-acceptable 
ground water monitoring systems. Another 17 have marginal systems 
which may or may not be adequate. The rest are inadequate. 
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4. Environmental impacts from Minnesota's 200 active and 1300 

closed unpermitted dumps are unknown. 

5. Modern technologies to seal out moisture and to contain, collect, 
and treat landfill pollutants are very expensive, difficult to apply 
retroactively to existing landfills, and are not being employed at 

Minnesota landfills. In general, Minnesota landfills are run on 

extremely limited budgets, allowing only rudimentary measures to 
reduce ground water impacts. 

6. Current state solid waste regulations contain few provisions 

protective of ground water, and the nondegradation policy in the 

state's general ground water protection regulation is 
unattainable by current landfills. As with any faci.lity that 

impacts ground water, there is currently uncertainty on-how to 

apply 6 MCAR §4.8022 (WPC-22) to these situations. 

7. The enforcement process is time-consuming and most past 
enforcement actions have not been carried through to completion. 

8. Only-recently has the public developed a strong interest in 

protectin~ ground water .• This has improved public receptiveness 
toward reg~lation and abatement of solid waste arid has 

diminished the support for landfills and 6pen dumps in many 

parts of the state. 

9. Despite the shift in public attitude, 200 open dumps exist to 

this day, creating enforcement and waste abatement problems. 

10. Management and regulation of industrial waste is inadequate. 

Industries find it difficult to locate suitable off-site 

disposal facilities, so they construct or continue operating 

sites on their property. Many historical sites are in poor 
geologic locations and in most cases are inadequately monitored. 
Disposal of most ·industrial wastes is mingled in the normal 
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waste stream entering landfills and thus does not receive 

separate regulatory review. 

B. Resource conservation through waste abatement: 

1. In Minnesota and the nation, the average person throws away 
greater quantities of waste each year. 

2. Nationally, seven percent of the waste stream is recycled. 
Optimally, Minnesota could recycle 20 percent of the waste 

stream, compost 20 percent, and incinerate 37 percent of the 
waste stream. Currently, of .Minnesota's total municipal waste 

stream, only five percent is recycled and one percent goes to 
active waste-to-energy incinerators. 

3. Counties are required (by rule only) to prepare and implement 
solid waste plans, but just 23 of the 80 nonmetropolitan 
counties have adequate plans, and less than one-half of those 
have implemented the portions dealing with alternatives to land 

disposal. 

4. Counties lack expertise and familiarity with alternatives to 
land disposal, and the state's budget problems have resulted in 
severe cutbacks in state technical assistance to counties. 

Many counties have not placed priority on developing, financing, 
and implementing alternatives to l~nd disposal. 

6. Many counties have been unwilling to commit reso~rces to solid 
waste management planning, or to consider alternatives to 

landfilling, and the state lacks incentives or enforcement 
authority to require planning or consideration of alternatives. 

7. Counties that have implemented alternatives have tended to jump 
to the high-technology alternative, incineration with energy 
recovery, without adequate consideration of less costly 

low-technology methods. 
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8. There presently exists no state funding for feasibility studies 

and implementation of abatement activities. 

9. The state does not have a comprehensive state solid waste 
management plan which establishes priorities for solid waste 
management and describes appropriate solid waste management 

technologies. 

10. Demand for many recyclables has been lacking. Current demand 

for recycled materials results in low prices for many of these 
materials in relation to the costs of alternatives to land 
disposal. Many markets are characterized by fluctuating prices. 

Secondary materials markets are heavily concentrated in the Twin 
Ci:ies. This low level of demand has discouraged separation of 

materials frciin the waste stream. 

11. Low land ~~~~os~l rates, not reflective of many environmental, 
social, ahd ~cpn6mic costs, place alternative methods of waste 

management at a ~evere competitve disadvantage. Existing 
landfill~ do not prevent or even greatly limit their leakage of 
po 11 utants. The improvements in monitoring and 1 andfi 11 
operation re~ui~ed by MPCA thus far have extended only to a 
limited number of priority landfills. 

12. Although the public attitude has recently shifted away from 

continued toler~nce of landfills and open dumps, the public is 
generally uninformed about alternatives to land disposal. 

L '13. Sumnary of case histories of abatement projects. 

C. Coordinated solid waste management among political subdivisions: 

1. The state, counties, and other political subdivisions share 
responsibilities for all aspects of solid waste management. 
There is no distinct or identified leader in solid waste 
management. 



-5-

2. Very few county solid waste programs are effective in all areas 

of solid waste management: planning, licensing, inspections and 

enforcement, and financial assurance. Nineteen of the 80 
nonmetropolitan counties had no ordinance as of April 1, 1983, 
and most of the rest had ordinances dating from the early 1970s. 

A random survey of nonmetropolitan county solid waste programs 

showed that the vast majority of the counties do not provide 
planning, enforcement, licensing, and financial assurance 

programs. 

3. Approximately 50 percent of the 87 counties have either less 

than five years remaining capacity at their landfills or 
documented ground water pollution at the landfill in their 

county. Although these are the counties that may have the 
greatest need to act, most have done little to plan for 

alternatives to the existing landfill or to correct the existing 
problems. 

4. Multi-county efforts to develop alternatives to land disposal 

have been established in the southeast and the northwest part of 

the state, but most counties have not looked to multi-county 

organizations for solid waste management. Individual counties 

do not have as many opportunities or options to develop 
alternatives to land disposal. 

5. The state has not taken a leadership role in solid waste 

management and planning. At times, the MPCA has stepped up its 

emphasis on technical assistance and planning, but has not been 
consistent in this effort. 

o. Orderly and deliberate development and financial sec4rity of waste 
facilities: 

1. Only a few landfills have set aside any funds for the costs of 
closure and of post-closure maintenance, monitoring, and 
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remedial actions to correct environmental problems. These costs 
continue for many years after closure, long after incoming 
revenues from disposal have ceased. 

2. The MPCA is beginning to impose much more stringent closure and 
post-closure requirements, which are also much more costly than 
in the past. In most cases, landfill owners can afford the 
improvements only by raising tipping fees and setting aside 
revenues over a period of many years. However, many landfills 

lack enough remaining ca~acity to operate for many more years. 
Also, competition from other landfills and open dumps, which 
have not yet been required to upgrade, discourages rate 
increases. 

3. The cost of isolating or cleaning up contaminated ground water 
is potentially very high. If these types of remedial actions 
were needed at a landfill, existing financial resources could be 
exhausted, leaving government with the public's expectation that 
government should resolve the problem. The MPCA, under existing 
statutes, has the authority to require financial assurance as 
part of the permit condition. However, no specific legislative 
directive for MPCA to require financial assurance exists. 

III. Conclusions: 

A. The lack of a designated leader in solid waste management has impeded 
effective management dedicated to meeting the legislative objectives for 
the state. 

B. The legislature should direct MPCA to complete a state solid waste 
management plan which provides a framework for coordinated and efficient 
solid waste management in Minnesota, and requires ·management options to 
be consid~red in the following order of p~iority: reduction in the 
amount of waste generated, separation and recovery of materials 
including organics, energy recovery, and land disposal of residuals. 
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c. Most existing municipal waste landfills pollute ground water. Impacts 
can be reduced by the current efforts to require tighter soil covers 
over the landfills, but these improvements will not totally prevent 

\ 

ground water pollution. Landfills currently operate with a substantial 
public subsidy of sorts: they do not incorporate the costs of 
preventing or remedying ground water pollution. 

D. Because 30 percent of existing landfills have documented ground water 
pollution and the rest are presumed to have, the solid waste rules 

governing land disposal must be·revised.and upgraded. Existing 
facilities should be upgraded using new requirements and available 

technologies to reduce their environmental impacts. Existing landfills 
that cannot comply with the revised requirements should be closed and 

remedial action taken. 

E. Methods of solid waste management emphasizing source reduction, 

recovery,, conversion, and recycling of all solid wastes are essential to 
the long-range preservation of the health, safety, and well-being of the 
public, to the economic productivity and environmental quality of the 

state, and to the conservation of the state's remaining natural 

resources. Continued land disposal threatens ground water resources, 
wastes reclaimable resources, wastes energy, consumes valuable land, and 
increasingly raises public opposition, and, therefore, should be the 
solid waste management technique of last choice. 

F. Landfills should be used only for residuals left after reasonable and 

practical waste abatement, recycling, and resource recover~ have been 
fully implemented. 

G. To reduce th~ dependence on land disposal, the slow progress in waste 
reduction, recycling, and resource recovery must be greatly accelerated. 

H. The most significant factor inhibiting the use of alternative management 
practices to date has been the artifically low cos:s of land disposal. 
All solid waste management options must be regulated so that they more 
fuliy reflect all environmental, social, and economic costs. 

• ' I 
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I. By not planning for or setting aside funds for closure and post-closure, 

landfill owners create an economic problem for themselves and 
potentially for the public. 

J. On-going facilities should be required to provide the financial 
assurances for closure, post-closure, and remedial actions. The MPCA 
should receive a specific directive to require financial assurance at 
iolid waste disposal facilities. 

K. The public expects government to remedy solid waste pollution problems. 

A state fund must be established to remedy those problems when the state 
has no recourse against responsible parties. 

L. Although active state participation in long term financial 

responsibility at solid waste disposal sites appears to be an attractive 
incentive to encourage county support for proposed state programs, such 
participation presents serious problems to the goals of the state 
programs, i.e., masks the true costs of land disposal·impacting the 
feasibility of alternative management, promotes continued land disposal 

practices, potentially subsidizes publicly owned facilities, presents 

unknown liabilities to the state. 

M. To promote implementation of alternatives to landfills, the MPCA must 
expand its efforts to inform and educate the public. 

N. To promote sound planning and adequate consideration of alternative 
management options, the state should provide aid for plan development 

and feasibility studies. 
J 

0. Financial assistance in the form of low interest implementation loans 
and grants for research and development may be needed to expedite 
development of demartd for recovered secondary materials. 

P. The use of existing technologies appears to be sufficiently documented 
so that additional money for demonstration grants does not seem to be 
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the beit use of state resources at this time. The Waste Management 

Board has distributed limited amounts of demonstration grants because of 
the apparent difficulty in meeting criteria for demonstration projects. 

Q. To achieve the desired legislative and MPCA goals, compliance with 
rules, plans, standards, and policies is imperative •. It is essential 
that MPCA devise a compliance and enforcement system that rewards 
compliance and effectively deters and penalizes noncompliance. 

R. A plan of action is needed, to include changes in legislation, 

regulation, and programs, to strengthen the efforts to meet the 
legislature's mandated goals. 

IV. Recommendations: 

A. The MPCA should obtain legislative directive to require counties to plan 
for the order of· priority for waste management as follows: waste 
reduction, waste separation and recovery of materials, energy recovery, 
and landfills. 

B. The MPCA should obtain legislative directive to require counties to 
write a plan (and achieve MPCA approval) to manage solid waste through 
the year 2000. 

C. The MPCA should not issue permits for new landfills, or expansions, if 
the alternatives have not been addressed according to the state plan. 

D. The MPCA should obtain legislative authority to provide financial aid to 

regional and local governments in developing plans. 

E. The MPCA should provide technical assistance to state agencies and 

regional and local governments. 

F. The MPCA should work with the Department of Energy and Economic 
Development to expedite resource recovery and market development. 
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G. The MPCA should obtain legislative authority to require a system to 
provide financial assurances at waste disposal facilities for closure, 
post-closure, and remedial actions. 

H. The MPCA should obtain legislative authority to establish a fund to 
implement corrective actions and recover costs when responsible parties 

are unable or unwilling. 

I. The MPCA should implement a general public awareness effort. 

J. The MPCA should design a system to inform educator and interested groups 

on solid waste management. 

K. The MPCA should amend current solid waste disposal rules to improve 
ground water protection, monitoring, and design/operational requirements 
of the rule. 

L. The MPCA should obtain legislative authority to implement a procedure to 
achieve local government compliance·with a state plan. 

M. The MPCA should establish a system to detemine priorities for compliance 
actions. 

N. The MPCA should continue to issue compliance/upgraded permits with 
revised closure, monitoring, and financial assurance requirements. 

0. The MPCA should strengthen internal enforcement procedures and utilize 
outside resources. 
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that MPCA devise a compliance and enforcement system that rewards 

compliance and effectively deters and penalizes noncompliance. 

R. A plan of action is needed, to include changes in legislation,. 
regulation, and programs, to strengthen the efforts to meet the 
legislature's mandated goals. 

IV. Recommendations: 

A. The MPCA should obtain legislative directive to require counties to plan 

for the order of priority for waste management as follows: waste 
reduction, waste separation and recovery of materials, energy recovery, 

and landfills. 

B. The MPCA should obtain l€gislative directive to require counties to 
write a plan (and achieve MPCA approval) to manage solid waste through 

the year 2000. 

C. The MPCA should not issue permits for ne.w landfills, or expansions, if 
the alternatives have not been addressed according to the state plan. 

D. The MPCA should obtain legislative authority to provide financial aid 
regional and local governments in developing plans. 

~. The MPCA should provide technical assistance to state agencies and 
region a 1 and local governments. 

F. The t~PCA should work with the Department of Energy and Economic 
Development to expedite resource recovery and market development. 

G. The MPCA should obtain legislative authority to require a system to 

provide financial assurances at waste disposal facilities for closure, 
post-closure, and remedial actions. 

to 

H. The MPCA should obtain legislative authority to establish a fund to 
implement corrective actions and recover costs when responsible parties 
are unable or unwilling. 
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I. The MPCA should implement a general public awareness effort. 

J. The MPCA should des1gn a system/to inform educator and interested groups 

on solid waste management. 

K. The MPCA should amend current solid waste disposal rules to improve 
ground water protection, monitoring, and design/operational requirements 

of the rule. 

L. The MPCA should obtain legislative authority to implement a procedure to 

achieve local government compliance with a state plan. 

M. The MPCA shoulrl establish a system to detemine priorities for compliance 

actions. 

N. The MPCA should continue to issue compliance/upgraded permits with 
revised closure, monitoring, and financial assurance requirements. 

0. The MPCA should strengthen internal enforcement procedures and utilize 
outside resources. 

STAFF RESOLUTION 

THEREFORE, BE IT RESOLVED that the MPCA Board supports new state legislation 

to improve solid waste management in Minnesota as follows: 

1. The MPCA should obtain legislative directive to require counties to plan 
for the order of priority for waste management as follows: waste 

) 

reduction, waste separation and recovery of materials, energy recovery, 
and landfills. 

2. The MPCA should obtain legislative directive to require counties to 

write a plan (and achieve MPCA approval) to manage solid waste through 
the year 2000. 

3. The MPCA should obtain legislative authority to provide financial aid to 
re~ional and local governments in developing plans. 
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4. The MPCA should obtain leg~slative authority to require a system to 

provide financial assurances at waste disposal facilities for closure, 
post-closure, and remedial actions. 

5. The MPCA should obtain legislative authority to establish a fund to 
implement corrective actions and recover costs when responsible parties 
are unable or unwilling. 

6. The MPCA should obtain legislative authority to implement a procedure to 
achieve local government compliance with a state plan. 

AND THEREFORE, BE IT FURTHER RESOLVED that the MPCA Board adopts the following 
policies and procedures to improve the MPCA's effectiveness in administering the 
solid waste program: 

1. The MPCA should not issue permits for new landfills, or expansions, if 
the alternatives have not been addressed according to the state plan. 

2. The MPCA should provide technical assistance to state agencies and 
regional and local governments. 

3. The MPCA should work with the Department of Energy and Economic . 
Development to expedite resource recovery and market development. 

4. The MPCA should implement a general publiv awareness effort. 

5. The MPCA should design a system to inform educator and interested groups 
on solid waste management. 

6. The MPCA should amend current solid waste disposal rules to improve 
ground water protection, monitoring, and design/operational requirements 
of the r~le. 

7. The MPCA should establish a system to detemine priorities for compliance 
actions. 

•· .. ' 
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8. The MPCA should continue to issue compliance/upgraded permits with 
revised closure, monitoring, and financial assurance requirements. 

9. The MPCA should strengthen internal enforcement procedure~ and utilize 

outside resources. 
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Sincerely, 

.: .· Dale L. Wikre 
.. , Director 
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January 19, 1984 

TO: INTERESTED PARTIES 

Enclosed is a copy of the January 24, 1984 Minnesota Pollution Control Agency 
(MPCA) Board item regarding the MPCA position on state solid waste legislation. 
This item is scheduled for presentation to the MPCA Board sometime after 
1:00 p.m. in the MPCA's Board room. 

The legislative position supports comprehensive solid waste management planning, 
promoting alternatives to land disposal, establishing a fund to correct 
environmental problems, and requiring facilities to have adequate financial 
assurances. The Board item includes a suggested staff resolution, which 
approves policies supportive of this legislation. 

If you have any questions, please contact Roger D. Bjork at 612/296-7785. 

Sincerely, 

~&~k 
Dale L. Wikre 
Director 
Solid and Hazardous Waste Division 

DLW:dd 
Enclosure 
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ISSUE STATEMENT: Past and current solid waste land disposal practices have caused ground 
water pollution and wasted valuable resources and energy. Reasonable and practical 
alternatives to land disposal are,available. The staff recommends that the Board adopt a 
resolution urging the Legislature to pass legislation which requires comprehensive solid 
waste management planning, establishes a fund to promote alternatives to land disposal, 
limits establishment of new landfill capacity to only that needed after implementation of 
alternatives to the greatest possible extent, establishes a fund to ensure proper closure 
and post-closure care, and requires·facilities to have adequate financial assurances. 

ATTACHMENTS: 

1. 

2. 

3. 

4. 

5. 



MINNESOTA POLLUTION CONTROL AGENCY 
Division of Solid and Hazardous Waste Division 

Program Development Section 

State Solid Waste Legislation 

January 24, 19B4 

ISSUE STATEMENT 

Past and current solid waste land disposal practices have caused ground water 
pollution and wasted valuable resources and energy. Reasonable and practical 
alternatives to land disposal are available. The staff recommends that the 
Board adopt a resolution urging the Legislature to pass legislation which . 
requires comprehensive solid waste management planning, establishes a fund to 
promote alternatives to land disposal, limits establishment of new landfill 
capacity to only that needed after implementation of alternatives to the 
greatest possible extent, establishes a fund to ensure proper closure and post
closure care, and requires facilities to have adequate financial assurances. 

1. Backoround: 

Historically, the most common method for disposal of refuse in Minnesota 

and the nation has been the open burning dump. In Minnesota, it is estimated 

that over 1,500 historical dumps were used for disposal purposes, the majority 

sited in undesirable locations, including floodplains, swamps, and gravel pits. 

Few, if any, controls were imposed to regulate health hazards or nuisance 

conditions resulting from the operation of dumps. Typical problems were smoke, 

odors, rodents, flies, blowing paper, and ground and surface water pollution. 

At many dumps, cover material was applied infrequently, and sometimes not at 

all. Most dump sites accepted all types of waste including garbage (food 

wastes), and refuse (waste paper, used tin cans, glass bottles, plastics, tires 

rags, broKen furniture, white goods, etc.). In addition, various amounts of 

hazardous wastes such as oils and solvents probably found their way into many of 

these disposal sites. In general, any regulatory control of the dumps was the 

responsibility~ the townships, villages, and cities in which they were 
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located. 

By the 1950s, land use pressures resulted in a number of housing 

developers building uncomfortably close to many once isolated dump sites. This 

was especially true in the Twin Cities metropolitan area. As competitive land 

use increased, so did public intolerance of open dumping practices and one by 

one the dumps began to close. These same factors made it increasingly difficult 

to site new disposal sites. 

In 1967, the Legislature created the MPCA investing them with broad powers 

to control air, water, and land pollution. The same Legislature created the 

Metropolitan Council and directed them, in part, to study and plan for solid 

waste management in the Twin Cities metropolitan area. 

In January 1970, the MPCA promulgated solid waste rules SW-1 to SW-11. The 

highlights of these rules were SW-5, which required disposal facilities to have 

MPCA permits; SW~6, which set up minimum operational standards and permit 

requirements for sanitary landfills, but no specific ground water protection 

standards; SW-10, which required non-conforming dumps to close by July 1, 1972; 

and SW-11, which required counties to develop solid waste management plans. The 

.technical aspects of Minnesota Rule SW-6 regarding sanitary landfills were 

borrowed heavily from consultant reports and publications of the U.S. Department 

of Health, Education and Welfare, and were highly oriented toward nuisance 

conditions associated with operation of dumps. As an example, a consultant's 

report entitled, •study and Investigation of Solid Waste Control for the 

Agency,• February 1969, stated "the disposal of solid waste can be accomplished 

using sanitary landf~ll techniques without causing pollution of air, water or 

land.• Many of the existing landfills were developed by permitting the existing 
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dumps sites. 

In 1971, the Legislature enacted Chapter 400 establishing a much expanded 

role in solid waste management for counties outside the metropolitan area. The 

authority was almost a duplicate of that given to the seven metropolitan 

counties in 1969. 

In 1972, the first EPA publications were circulated to the MPCA mentioning 

the need for a separation distance between refuse and ground water of five feet. 

·In 1973, the MPCA revised the solid waste rules, in part, to exclude 

hazardous waste disposal at sanitary landfills, provide for a five-foot minimum 

separation to the ground water table, and establish general closure requirements 

for dumps. With this exception, the current solid waste rules contain few 

provisions protective of ground water, rather they were written to resolve other 

nuisance conditions. By the mid 1970s, ~ater monitoring results began~ to 

indicate th.e presence of leachate at permitted sanitary landfills. This was an 

early warning that sanitary landfills actually could cause pollution. 

The true extent and significance of pollution from landfills was not 

realized until the advent of ground water sampling for organic compounds in 

conjunction with a number of newsworthy hazardous waste problems at dumps and 

landfills. As these sites began to make headlines, county siting problems for 

new or expanded sites were magnified because the public began to equate the word 

landfill with hazardous waste.· 

The realization of the potential impact of sanitary landfills caused the 

MPCA technical requirements at landfills to become more stringent since it had 

been discovered that~. in general, upgraded monitoring requirements, 

hydrogeologica1±1nvestigations, new design criteria~ and upgraded closure and 

- " 
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post-closure care requirements were imperative for these sites. Since the MPCA 

could not upgrade and repermit all 111 of the active sites all at once, a 

priority scheme was devised to handle those sites deemed most in need of 

upgraded permits first. 

These upgraded requirements increased the costs to the 1 andfill. · In most 

cases, landfill owners can afford the improvements only by raising tipping fees 

and setting aside revenues over a.period of many years. Only a few landfill 

owners have set aside any funds for the cost of closure, post-closure 

maintenance and monitoring, and remedial actions to correct environmental 

problems. 

Alternatives to continued reliance on landfills are primarily centered on 

reuse, recycling, and reduction of waste via energy recovery. None of these 

alternatives is new. Incineration with~ut energy recovery was first established 

in Minneapolis in 1913 while reuse and recycling were formally begun in the late 

1800s. Unfortunately, a number of barriers including: 1) the relatively low 

economic cost of existing dumps and landfills; 2) the lack of markets for 

recovered materials; 3) institutional •barriers-such as flow control; and 4) an 

unconvincing track record of past high technology energy recovery facilities, 

have caused Minnesota to rely heavily on the use of sanitary landfills. 

As the public becomes more aware of the problems of existing landfills and 

the high cost of remedial action, alternatives to landfills will be considered 

further. These alternatives and technologies have now been improved and 

demonstrated. They remain only to be developed to the fullest potential. It 

Should be realized, however, that few abatement alternatives will be 

self-sufficient'unless compared to the true social and environmental cost of 
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continued reliance on landfills. A review of the past and existing solid waste 

management practices, problems, and programs by MPCA staff has identified the 

need for changes in future s.olid waste management programs. · Some of these 

changes will require legislati~e actions. 

II. Discussion: 

In Minnesota and the nation, the average person throws away greater 

quantities of waste each year. Currently, of Minnesota's total municipal waste 
' 

stream, only five percent is recycled and one percent goes to active 

waste-to-energy incinerators. The remaining 94 percent is land disposed. 

Optimally, Minnesota could recycle 20 percent of the waste stream, compost 20 

percent, and incinerate 37 percent of the waste stream. 

Reducing waste generated, recycling reusable materials, and energy resource 

recovery are important in conserving Minnesota's and the nation's resources. 

Not only will these practices reduce the amount of virgin materials, such as 

wood, minerals, and petroleum products consumed; they will also help protect 

water and land resources. Additionally, recent research and actual monitoring 

data have shown many current landfills are polluting ground water. Therefore, 

land disposal of solid waste should be the alternative of last resort and then 

only for residuals after reasonable and practical waste reduction, recycling, 

and resource recovery have been fully implemented. 

In order to achieve waste abatement and resource recovery to the maximum 

extent possible, comprehensive planning is a necessity. A solid waste 

.anagement plan must minimize to the greatest possible extent the practice of 

land disposal. The management plan should describe specific functions to be 

performed and activities to be undertaken to achieve waste abatement. The 
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management plan must remain a dynamic document. As specific functions described 

in the plan are implemented, the plan must be revised to reflect these changes 

and to indicate any new steps needed in an effort to meet the original 

objectives or achieve new objectives necessitated by changing conditions or 

technologies. 

There are 87 counties and numerous other political subdivisions involved in 

solid waste management in Minnesota. Without central leadership in the 

management of solid waste, maximum waste reduction and resource recovery will 

not be accomplished. Shared responsibilities without leadership causes 

inconsistencies in management programs and limited progress in waste abatement 

and resource recovery. This has been shown'by the few effective solid waste 

management programs developed and implemented in the State. Since solid waste 

management is a problem throughout the State, the State needs to take a 

leadership role. 

Existing legislation mandates particular goals.be met on a state-wide 
' 

basis. Therefore, the Legislature should direct the MPCA to coordinate 

management programs throughout the State to meet these goals for protection of 

the environment, coordination of solid waste management, conservation of 

resources through waste abatement, and development of financial security for 

waste abatement. 

The low cost of land disposal has been a major obstacle in establishing 

waste abatement programs. Land disposal costs have been low because they were 

not reflective of many environmental, social, and resource costs. Due to 

recently discovered environmental impacts showing the need for ground water 

monitoring systems, liners, low permeability-covers, and closure and 
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post-closure maintenance needs, the MPCA has begun to impose more stringent 

requirements than previously included in solid waste disposal permits. The 

improvements have been imposed through amended permits and have increased the 

cost of operation. In most cases, landfill owners can afford the improvement 

on1y by raising tipping fees and setting aside revenues over a period of time. 

Few owners have set aside money in the past because they did not recognize the 

costs involved, they operate on limited profit margins, or they believe they do 

not have enough time to collect sufficient funds. 

Post-closure and remedial action costs continue for many years after 

incoming revenues from the disposal operations have c~ased. Additionally, the 

remedial costs. of isolating or cleaning up contaminated ground water are 

potentially very high. Therefore, landfill owners must be required to establish 

some mechanism of financial assurance to take necessary closure, maintenance, 

and corrective actions. Many landfills will be reaching capacity in the next 

few years, which limits the amount of revenue that a landfill owner might 

generate. The l.imited amount of rroney set aside by landfill owners for closure, 

post-closure, and remedial actions, along with the new more stringent 

requirements, may create situations where closure and post-closure will not be 

completed by current landfill owners for lack of funds. As these situations 

increase due to the. depletion of financial resources, the public's expectations 

that government should resolve the problem will increase. If the State is to 

meet the public's expectations to resolve existing problems, a fund must be 

established to conduct closure and post-closure when the responsible party is 

not able to carry out these actions. 

In addition to establishing a fund to make available the necessary rronies 
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for closure and post-closure when the responsible party is unwilling or unable 

\'' to do so, a fund should also be established to assist in developing 

comprehensive solid waste management plans, promote and assist development of 

waste reduction, recycling, and energy resource recovery alternatives, and 

provide public education. 

Planning and education programs are often slow in turning current beliefs 

and practices around to new ideas. Thus, the MPCP. needs a mechanism to control 

the development of land disposal facilities consistent with the availability of 

prudent and feasible alternatives to land disposal. The Legislature should 

require that new landfill capacity be permitted only upon a showing that the 

need for capacity has been reduced to the greatest possible extent by 

implementation of abatement alternatives. 

III. Conclusions: 

Landfills are known to contaminate ground water and waste resources, yet 

their operational costs have historically been low since they did not include 

the environmental, social, and resource costs. This low cost has placed waste 

reduction, recycling, and resource recovery projects at an economic 

disadvantage. Therefore, the true cost of landfilling must be recognized and 

paid. Alternatives to land disposal are often available. To enhance the 

implementation of these alternatives, counties should do comprehensive solid 

waste management plans. The State should provide financial and technical 

assistance for the development of these plans and the implementation of 
/ . 

alternatives to land disposal. To ensure that adequate consideration is given 

to available alternatives, new landfill capacity should be permitted only upon a 

showing that the need for capacity has been reduced to the greatest possible 
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extent by the implementation of abatement alternatives. 

Few current landfill owners have adeQuate financial resources to ensure 

proper closure~ post-closure care. and to take any necessary remedial actions in 

the future. Land disposal facilities should be reQuired to have adeQuate 

financial assurances for these needs. The State should establish a fund to 

enable it to take closure and post-closure care when facility owners are unable 

to do so. 

IV. Recommendation: 

The staff recommends that the MPCA. Board adopt the following resolution 

urging the Legislature to pass comprehensive solid waste management legislation. 
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SUGGESTED STAFF RESOLUTION 

THEREFORE, BE IT RESOLVED, that the Minnesota Pollution Control Agency 

Board urges the Minnesota Legislature to enact legislation to improve solid 

waste management in Minnesota ,by reducing to the greatest possible extent the 

use of landfills and requiring the consideration and implementation of 

alternatives which result in the recovery of resources and energy from waste and 

the prevention of pollution to the air, land, and water of the State. 

Specifically, the legislation should: 

1. Require counties to develop comprehensive solid waste management plans, 

subject to MPCA approval, with the objective to achieve maximum waste reduction, 

separation and recovery of materials, and energy recovery. 
I 

2. Establish a special landfill abatement fund to be used to provide 

financial and technical assistance to counties for the preparation of plans and 

the implementation of abatement objectives~ 

3. Require that new landfill capacity be permitted only upon a showing 

that the need for the capacity has been reduced to the greatest possible extent 

by the implementation of abatement alternatives. 
-

4. Direct the MPCA to adopt rules establishing requirements for financial 

responsibility and closure and post-closure care at land disposal facilities. 

5. Establish a special fund to be used by the MPCA to pay closure and 

post-closure costs at a land disposal facility,when the MPCA determines that the 

operator is unable or unwilling to do so. 

6. Designate the Minnesota Pollution Control Agency as the lead agency for 

implementation of the recommended programs. 
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IJ\'TRODUCTI ON 

There are hundreds of chemicals that, when released to the 

environment, are potential contaminants of ground water/drinking 

water., Only a handful of these chemicals has drinking water 

regulations. Furthermore, these limited regulations apply only 

to public water systems. 1 In the case of private water 

supplies there are no regulations .. This presents considerable 

problems to State agencies responsible for protecting ground 

water/drinking water resources. These agencies are increasingly 

facing situations where they must apply control measures and/or 

provide drinking water advisories without benefit of either 

Federal or State regulations. 

One program that is hampered by the lack of ground 

water/drinking water regulations is the Minnesota Pollution 

Control Agency's (Y~CA) Ground water and Solid waste Division 

(GWSWD). GwS~~ is responsible, under their Solid waste Rules, 

for the regulation of landfills. The current :r-ule does not 

contain ground water standards which could be used to guide 

their enforcement activities. Eowever, GwSwD is in the process 

of revising these :r-ules. As part of this revision, they plan to 

include ground water standards that are based on safe drinking 

water limits. The addition of ground water standards to the 

rules would enhance the regulatory effectiveness of this 

program. A hearing on the revised rules is tentatively 

scheduled for late Spring 1988. 
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In order to address the general needs of State agencies and the 

specific issue of the Solid Waste Rules an Interagency Taxies 

committee was established. The committee, formed in April 1985, 

was comprised of staff from the Minnesota Pollution Control 

Agency's (MPCA) Division of.Water Quality, Division of Solid and 

Hazardous Waste, and the Office of Planning and Review; and the 

Minnesota Department of Health's (MDH) Section of Health Risk 

Assessment and Section of Water Supply and Engineering. 

In February 1986, under the direction of this committee, MDH's 

Section of Health Risk Assessment published, "Recommended 

Allowable Limits for Drinking Water", Release No. 1. 2 Release 

No. 1 established Recommended Allowable Limits (RALs) for 72 

potential drinking water pollutants. The remainder of this 

report, which was first written in "draft" form in August, 1986, 

summarizes the process used to derive the Recommended bllowable 

Limits. The references cited are generally those that were 

available before February 1986. Some have since been revised in 

final form, but have not_changed markedly. 

SELECTION OF CHEY-ICALS FOR ~~ DERIVATION 

The ~~CA listed approximately 150 ch~micals that were potential 

candidates for RALs. This list was compiled from a number of 

U.S. Environmental Protection Agency (EPA) lists of health risk 

criteria and from ground water surveys involving landfills and 
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other sources. The list included metals, inorganics, synthetic 

organic compounds, volatile organic compounds, and some 

pesticides. 

Two alternative methods for deriving RALs were evalua~ed: 

A. The first approach would entail the conduct of a complete 

risk assessment for each chemical. This would include hazard 

identification, dose-response evaluation, human exposure 

evaluation, and risk characterization. This alternative was 

rejected for the following reasons: 

1. Expertise to conduct complete risk assessments is available 

in MDH's Section of Health Risk Assessment; however, considering 

the number of chemicals involved and the timefrarne within which 

RbL's were needed, the project could not be completed in the 

allotted time with the available staff. 

2. To prepare an accurate and thorough risk assessmen~ reouires 

access and evaluation of all toxicologic data pertinen~ to the 

chemical under review. These data are housed in a variety of 

formats, mostly, within several different EPA offices. 

Moreover, much bf the data on the chemicals of interest is 

contained in unpublished EPA papers or in draft reports that 

carry the caveat "Do Not Quote or Cite". The logistics of 

accessing unpublished papers and obtaining approval to cite 

draft reports would further obstruct a comprehensive and fair 
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risk assessment. 

3. Although few chemicals are regulated in drinking water, many 

of the chemicals needing RALs have, to varying degrees, been 

subjected to one or more risk assessments. A number of 

documents (primarily EPA) have been produced from these 

efforts. These reports contain lists of Ref~rence Doses (RfDs) 

for non-carcinogens and/or risk estimates for'carcinogens. This 

is the type of data needed to derive the RALs and to repeat this 

work fer each chemical would be redundant and a poor use of 

available resources. 

B. The second approach to the derivation of the RALs entails 

review and evaluation·of the existing documents (discussed in A3 

above) containing RfDs or carcinogen risk estimates. Review and 

evaluation would be done to determine if: 

1. The risk assessment was conducted according to the most 

current and generally accepteC. methocs. ~he methods of choice 

were outlined in a 1986 series of Federal guidelines, which were 

previously available in draft form.3-S The purpose of the 

guidelines is to promote quality and consistency of risk 

assessments. In general, they provide a framework to be 

followed in developing an analysis of risk. The guidelines also 

contain criteria to evaluate the quality of data in order to 

formulate judgments concerning the nature and magnitude of the 

hazard from suspect chemicals. 
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2. The risk assessment is current and peer reviewed. A current 

risk assessment, utilizing the latest valid data, would, 

hopefully, eliminate the need for frequent changes in.the RALs. 

Peer review, particularly by scientists with expertise in 

drinking water and heaith issues, would lend a great deal of 

credibility to the use of risk assessment results. The most 

useful peer review would be by EPA's Office of Drinking Water. 

3. The risk assessment is based on, or includes, an oral route 

of exposure. Risk assessments based on non-oral exposures to a 

chemical have often proved invalid for predicting the risk from 

oral exposure to the same chemical. Therefore, RALs to. limit 

exposure to contaminated drinking water must be based on data 

obtained from studies employing oral routes of exposure. 

Approach B was selected and endorsed by the Interagency Toxics 

Committee as the most efficient and reliable me~hod of deriving 

the RALs. It was further decided that only those chemicals 

(from among the 150+ chemical.s for which RALs were desirec) that 

met the above criteria (Bl-B3) would be considered for a R1~. 

At the conclusion of the review a~d evaluation process,. a total 

of 72 chemicals met the above criteria. The following sections 

discuss the risk assessment sources used for derivation of R1~s 

for non-carcinogens and carcinogens. 

5 



NON-CARCINOGENS 

Thirty of the 72 chemicals are considered non-carcinogens. The 

RALs for the non-carcinogens are based on state-of-the-art 

concepts in toxicology and risk assessment.B-lO These 

procedures are widely accepted by risk assessment and public 

health professionals. 

For non-carcinogens (i.e. age~ts with thresholds) a Reference 

Dose (RfD) is established and then adjusted to reflect a safe 

level of exposure for drinking water. The starting point fqr 

establishing a RfD is obtaining a "no observed adverse effec-:: · 

level" (NOAEL) from a valid animal study. To this value an 

uncertainty factor is applied that reflects the degree or amount 

of uncertainty when experimental data in animals are 

extrapolated to humans. The uncertainty factor also'accounts 

for the non-homogeneity of a human population, i.e~, differences 

in body size and chemical sensitivity. Since the RfD is 

intended to be prote=tive for a lifetime of exposure, it is 

calculated for a 70 kilogram adult. The.RfD is then adjusted to 

yield a Recommended Allowable Limit in drinking water. The 

adjustment is twofold. First, the RfD is expressed as a 

Drinking Water Equivalent Level (D~~L) to reflect the average, 

per day, amount of water consumed by an adult (2 liters/day). 

Second, a Relative Source Contribution (RSC) adjustment is made 

to account for the fact that the total RfD does not come from 

drinking water exposure alone. If the actual contribution from 

6 



non-water sources (food, air, etc.) is known, then the final 

drinking water RAL is reduced by that factor. If these data are 

not available, a RSC value of 20 percent is assumed for 

synthetic organic chemicals and a RSC value of 10 percent is 

assumed for inorganic chemicals. These adjustments yield a 

final RAL. 

The review and evaluation process produced two sources that met 

the criteria discussed in sections Bl-B3. They are the Maximum 

Contaminant Levels Goals (MCLGs) and the Health Advisories (HA) 

for drinking ~ater. 10 • 11 Both sources were generated by EPA's 

Office of Drinking Water and both follow the risk assessment 

procedures that were briefly outlined above. 

MCLGs are being promulgated under EPA's Safe Drinking Water Act, 

which regulates public ~ater systems. MCLGs are non-enforceable 

health goals which are to be set at levels which would result ~n 

no known or anticipated adverse health effects with an adecuate 

margin of safety. The F~s prepared by the Health Adviso~ 

Program are also non-regulato~ and provide information on 

health effects, anal}~ical methodoloSY and treatment technology 

that is useful in dealing with contamination of drinking ~ater. 

They also describe concentrations of contaminants in drinking 

~ater at which adverse effects would not be anticipated to 

occur. 

7 



CARCINOGENS 

To date, scientists have been unable to demonstrate 

experimentally a threshold of,effect for •carcinogen5·. 10 ,l2 

This leads to the assumption that since no threshold dose can be 

demonstrated for carcinogens, any exposure might represent some 

finite level of risk. Based on this-~ssumption, it would be 

necessary to set the RALs at zero in order to achieve ze~o 

risk. Setting a zero standard is impractical for a number of 

reasons including availablity of treatment technologie~, 

treatment costs, analytical capabilities, etc .. 12 

Consequently, any guidelines or standards that are developed are 

necessarily a~bitrary, and can only be defended on the basis of 

what seems feasible, reasonable and has precedent. At present, 

there is a growing precedent for regulating to lifetime cancer 

risks of 10-4 to 10- 6 . 12 !n cases where there are no 

Federal regulations fo~ environmental contaminants considered 

carcinogenic, Y.DH has adopted a position of applying a 

"tolerable risk level" of 10-5 (see reference 12 for a 

discussion of tolerable risk and its derivation). The RA.Ls, for 

the 42 suspect human carcinogens contained in release No. 1, 

reflect a tole~able risk level of 10-5. 

As with the non-carcinogens, the RALs for carcinogens are based 

on the most current and generally accepted state-of-the-art 

concepts in toxicology and risk assessment. 4-6 The risk 
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I 
assessmen~ process for carcinogens includes hazard 

iden~ifica~ion, dose-response assessmen~, exposure assessmen~, 

and risk characterization. 

The question of how likely an agent is to be a human carcinogen 

is answered during the hazard identification step of a risk 

assessment. This is done within a framework of a 

weight-of-evidence judgment. Judgments about the weight of 

evidence involve considerations of the quality and adequacy of 

the data and the kinds of responses induced by a suspect 

carcinogen. The EPA classification system for the 

characterization of the overall weigh~ of evidence for 

carcinogenicity (animal, human, and other supportive data) 

includes: Group A - Carcinogenic to Humans; Group B - Probably 

Carcinogenic to Humans; Group C - Possibly Carcinogenic to 

Humans; Group D - Not Classifiable as ~o Human Carcinogenicity; 

and GroupE - No evidence of Carcinogenicity for Humans. 10 

The NDH RhLs for the chemicals that are in Groups b and B are 

based on carcinogenicity data. However, because the evidence on 

chemicals in Group C is equivocal, their RAts were derived in 

the same manner as non-carcinogens (outlined above), with one 

exception. , In this case, because of the possibility of 

carcinogenicity, an additional safety factor of 10 is 

incorporated into_the RAL. EPA's Office of Drinking water used 

the same procedures to derive MCLGs for Group C chemicals. 

9 
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From the review and evaluation process, a series of related 

sources were selected that met the criteria discussed in 

sections Bl-B3. The sources are documents containing EPA's 

Carcinogen Assessment Group's (CAG) risk assessments done on 

known, probable, or possible human carcinogens. This office is 

responsible for the conduct of all EPA risk assessments on 

suspected carcinogens and, through February 1986, had evaluated 

54 chemicals as suspect human carcinogens. 

Once a chemical has been determined to be a suspect human 

carcinogen, through the process of hazard identification, the 

dose-response data are used to calculate its carcinogenic 

potency.. This step in CAG risk assessments involves 

interspecies dose conversion and the use of a mathematical model 

to describe the dose-response relationship. Again, these 

procedures follow the Federal guidelines outlined in references 

5 and 6. The result of the risk characterization step is a 

slope or a carcinogen potency value. The hioher the Potencv - - ~ 

value the higher the risk of,cancer induction will be per unit 

of exposure. 

The YillH RALs for carcinogens were derived using the CAG potency 

values, a tolerable risk level of 10-5 , and the weight of a 

"Standard Man" ( 7 0 kilograms) . The resulting RAL represents an 

exposure limit with an attendant risk of 10-5. That is, if 

100,000 people were exposed at the concentration of the RAL, 

over a lifetime, one additional cancer would be expected in this 

10 



population. 

SVMMARY 

The Recommended Allowable Limits represent MDH's best estimate 

of the maximum exposure levels that should be adhered to for 

long-term consumption of private water supplies. They are 

guidelines not regulations. They are intended to be applied to 

situations involving contaminated ground water/drinking water 

that are not covered by existing regulations. The RALs are 

based only on potential health effects. They do not consider 

treatment/clean-up technolo~·, feasibility, or costs as is the 
I 

case in drinking ~ater regulations for public water systems. 

The RALs were derived according to the criteria outlined in 

sections Bl-B3 and are, therefore, based on the most current and 

generally accepted methods of risk assessment. 
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Appendix VII 

Suggested Maximum Levels of Leachate 

Arsenic (As) 
Barium (Ba) 
Boron (B) 
Cadmi urn (Cd) 
Chlorides (C1) 
Chromium (Cr+6) 
COD 
Copper ( Cu) 
Cyanides (CN-) 
Fluorides (F) 
Iron (Fe) 

Lead ( Pb) 
Manganese (Mn) 

Mercury (Hg) 
Nickel (Ni) 
Nitrates (No3) 
Oil and Grease 
PCB 
Phenol (C6HsOH) 

Selenium (Se) 
Silver (Ag) 
Sulfates (S04) 
Total Dissolved Solids (TDS) 
Zinc (Zn) 

0.1 mg/1 
10.0 mg/1 

7.5 mg/1 
0.1 mg/1 

1500 mg/l 
0.5 mg/1 

10000 mg/1 
10.0 mg/1 

0.1 mg/l 
5.0 mg/l 

3 mg/1 (or 250 mg/l if only 
parameter exceeding limits) 
0.5 mg/l 
0.5 mg/l (or 25 mg/l if only 
parameter exceeding limits) 

0.0002 mg/1 
1.0 mg/l 

45.0 mg/1 (or 10 mg/l as N) 
0.1 mg/l 
0.1 mg/l 
0.1 mg/1 if chlorinated 
2.0 mg/l if not chlorinated 
0.1 mg/1 
0.5 mg/l 
500 mg/l 

5000 mg/1· 
50 mg/l 
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STATE OF MINNESOTA 
DEPARTMENT OF COMMERCE 

ST. PAUL 55101 

OFFICE OF THE· COMMISSIONER 

October 23, 1987 

Mr. Robert J. McCarron 
Program Development Section 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, Minnesota 55113-2785 

Dear Mr. McCarron: 

'· 

SOO METRO SQUARE BUILDING 
ST. PAUL. MN 55101 

I am enclosing an updated list of financial institutions in Minnesota which 
have the authority to engage in trust operations. 

Sincerely, 

~1~ 
Chief EXa.mlner 

JPG: jmt 

Enclosure 

·.'. 
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Austin 
Marshall ( 1) 
Minneapolis 
St. Paul (2) 

Alexandria 
Bayport 
Duluth 
Glencoe 
Hutchinson 
Marshall 
Minneapolis 
Minnetonka 
Moorhead 
New Ulm 
Richfield (3) 
Rochester 
Rochester 
St. Paul 
Wayzata 
Willmar 

Minn. Stat. §48.67 
MINNESOTA TRUST COMPANIES 

Trust Company 

Minnesota Trust Company of Austin 
First American Trust Company of MN 
Advisory Bank & Trust Company 
First Trust Company, Inc. 

Minn. Stat. §48.37 

Address 

107 W. Oakland Ave. 
208 East College Drive 
IDS Tower, 32nd Floor 

.332 Minnesota Street 

MINNESOTA STATE CHARTERED BANKS WITH FULL TRUST POWERS 

Bank Address 

First American Bank & Trust of 720 Broadway 
First State Bank of Bayport 950 North Highway 95 
North Shore Bank of Commerce 131 West Superior St. 
Security Bank & Trust Company 735 Franklin Avenue So. 
Citizens Bank & Trust Co., Hutchinson,Mnl02 Main Street So. 
First American Bank & Trust of 208 East College Drive 
Union Bank and Trust Company 312 Central Avenue NE 
Resource Bank & Trust 9800 Bren Road East 
American Bank and Trust Company of 730 Center Avenue 
State Bank & Trust Company of 100 North Minnesota St. 
Richfield Bank & Trust Co. 6625 Lyndale Ave. So 
Marquette Bank Rochester 206 South Broadway 
Rochester Bank and Trust Company of 331 16th Ave. N.W. 
Eastern Heights State Bank of St. Paul 2100-Wilson Avenue 
The Bank Wayzata 900 East Wayzata Blvd. 
First American Bank & Trust of 302 S.W. Fifth Street 

Minn. Stat. §48.475 

~ 

55912 
56258 
55474 
55101 

~ 

56308 
55003 
55802 
55336 
55350 
56258 
55414 
55343 
56560 
56073 
55423 
55901 
55901 
55119 
55391 
56201 

MINNESOTA STATE CHARTERED BANKS OR TRUST COMPANIES WITH TRUST SERVICE OFFICES 

(1) Offices of 

Alexandria 
Breckenridge 
Crookston 
Detroit Lakes 
Granite Falls 
Marshall 
Redwood Falls 
So. St. Paul 

(2) Offices of 

Minneapolis 
St. Paul 

( 3) Office of 

Roseville 

First American Trust Company of Minnesota 

First American Bank & Trust of 
First American Bank of 
First American National Bank of 
First American Bank of 
Granite Falls Bank 
First American Bank & Trust of 
First American Bank of 
Drovers First American Bank of 

First Trust Company, Inc. 

First National Bank ·of 
The First National Bank of 

Richfield Bank & Trus~ Company of 

Rnseville State Bank 

720 Broadway 
225 North Fifth Street 
201 North Broadway 
115 East Holmes Street 
702 Prentice Street 
208 East College Drive 
101 East Fourth Street 
633 South Concord Street 

First Bank Place 
332 Minnesota Street 

56308 
56520 
56716 
56501 
56241 
56258 
56283 
55075 

55480 
55101 

2100 N. Snelling Avenue 55113 

September, 1987 



Austin 
Crookston 
Duluth 
Duluth 
Hastings 
Milaca 
Minneapolis 
Minneapolis 
Minneapolis 
Minneapolis 
Minneapolis 
Pipestone 
Rochester 
St. Cloud 
St. Cloud 
St. Cloud 
St. Cloud 
St. Paul 

St. Paul 
St. Paul 
st. Paul 
Stillwater 
Virginia 
Winona 
Winona 
Winona 

Edina 

Hastings 
Minneapolis 

Minn. Stat. §48.66 
MINNESOTA NATIONAL BANKS WITH FULL .TRUST POWERS 

Bank 

The First National Bank of 
Crookston National Bank 
First Bank,(N.A.) -Duluth 
Norwest Bank Duluth, N .A. 
The First National Bank of 

·The First National Bank of 
First National Bank of 
Marquette Bank Minneapolis, N.A. 
National City Bank of 
Norwest Bank Midland, N.A. 
Norwest Bank Minneapolis, N.A. 
The First National Bank of 
The First National Bank of 
Norwest Bank St. Cloud, N:A. 
St. Cloud National Bank & Trust Co. 
The First American National Bank of 
Zapp National Bank of 
American National Bank and Trust 
Company 
Norwest Bank St. Paul, N.A. 
The First National Bank of 
The Midway National Bank of 
The First National Bank of 
Norwest Bank Mesabi, N.A. 
Merchants National Bank of 
Norwest Bank Winona, N.A. 
Winona National and Savings Bank 

Address 

301 No. Main Street 
116 West Robert Street 
130 West Superior St. 
230 West Superior St. 
119 West 2nd. Street 
P. 0. Box 38 
First Bank Place 
7th & Marquette Ave 
75 S. Fifth Street 
401 Second Avenue So. 
8th St. & Marquette Ave. 
101 2nd. Street N.W. 
201 First Avenue S.W. 
400 South First Street 
300 East St. Germain St. 
1100 St. Germain St. 
717 St. Germain St. 
Fifth & Minnesota St. 

55 East Fifth Street 
332 Minnesota Street 
1578 University Avenue 
213 East Chestnut St. 
401 Chestnut Street 
102 Plaza East 
177 Main St. 
204 Main Street 

Minn. Stat. §48.67 
MINNESOTA LIMITED TRUST CORPORATIONS 

First Fiduciary Corporation 

Minnesota Fiduciary Services, Inc. 
Estate Management Corporation 

Suite 633 
2850 Metro Drive 
999 Westviev Drive 
3702 E. Lake Street 

September, 1987 
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55912 
56716 
55802 
55802 
55033 
56353 
55440 
55480 
55480 
55440 
55479 
56164 
55903 
56302 
56302 
56301 
56302 
55101 

55101 
55101 
55104 
55082 
55792 
55987 
55987 
55987 

55420 

55033 
55406 



NORTH DAKOTA 

Fargo 
Fargo 
Fargo 
Fargo 
Grand Forks 

Grand Forks 

SOUTH DAKOTA 

Brookings 
Sioux Falls 

NORTH DAKOTA 

Fargo 

Fargo 

WISCONSIN 

La Crosse 

Minn. Stat. §303.25 (48.67) 
FOREIGN BANKING- CORPORATION ·W!TH ·FULL· TRUST··POWERS 

Bank 'Address 

Dakota Bank and Trust Company of 
First. Bank of North Dakota (N.A;)Fargo 
First Interstate Bank of·Fargo,N.A. 
Norwest Bank Fargo, N.A.-
First Bank of North Dakota(N.A.) 

· Grand Forks 
First National Bank in Grand Forks 

First National Bank in Brookings 
First Bank of South Dakota: (N .A.) 

Minn. Stat. §303.25 
FOREIGN TRUST COMPANIES 

51 Broadway 
505 - 2nd. Ave.N; 
Main at Broadway 
406 Main Ave 
401 Demers Avenue 

322 Demers Avenue 

5th St. & 5th Avenue 
141 N. Main Avenue 

First Trust Company of North Dakota 505 -2nd. Ave.N: 

Norwest Capital Management & Trust Co. 15 Broadway 

La Crosse Trust Company 311 Main St. 

September 198'7 

~-

58108 
58102 
58124 
58126 
58201 

58201 

5'7006 
5711'7 

58102 

58126 

54601 



Minnesota Pollution Control Agency 

June 27, 1984 

I 
Minnesota Department of Revenue 
Office of the Commissioner 
Centennial Office Building 
658. Cedar Street 
St. Paul, Minnesota 55145 

To Whom This Matter Concerns: 

Our office intends to revise the State's rules that pertai~ to ~~ste disposal 
services. Recent discussions have raised a question with ·resp'ect to the tax 
implications of some recommended measures. Please send us ·a,'forinal ruling on 
the tax status of the funding arrangements that are recommended: 

The new rules will require landfill operators to provide ·a'sst.iri!'n'ces that they 
can meet financial obligations for a number of years afte~ th~ir businesses have 
closed. Trust funds are recommended as one means to secure this end. The new 
rules will likely use a model that is now in effect for ha~ardo~s waste 
landfills. I have enclosed a copy of the model trust agreemeht ~e expect to 
use. Can you tell us whether such funds would be subject to business income 
taxation? 

Thank you for your attention in this matter. 

Sincerely, 

~~/-74-~ 
/ 

obert J. McCarron 
Solid Waste Unit 
Program Development Section 
Solid and Hazardous Waste Division 

RJM:rw 

Enclosure 

Phone: 612/296-7353 

(t.f/c?fP'-?1 

fc!~c£ 

1935 West County Road 82, Roseville, Minnesota 55113·2785 
Regional Offices • Oululh/Brainerd:Oclroil Lakcs/MarshalliRochcsler 
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June 27, 1984 

United States Internal Revenue Service 
Office of the District Director 
316 North Robert Street· 
St. Paul, Minnesota 55101 

To Whom This Matter Concerns: 

Our office intends to revise the State's rules that pertain to waste disposal 
services. Recent discussions have raised a question with respect to the tax 
implications of some recommended measures. Please send us a formal ruling on 
the tax status of the funding arrangements that are recommended. 

The new rules will require landfill operators to provide assurances that they 
can meet financial obligations for a number of years after their businesses have 
closed. Trust funds are recommended as one means to secure this end. The new 
rules will likely use a model that is now in effect for hazardous waste 
landfills. I have enclosed a copy of the model trust agreement we expect to 
use. Can you tell us whether such funds would be subject to business income 
taxation? 

Thank you for your attention in this matter. 

Sincerely, 

/,-.-;j;/~?·r~ 
,..Rober~ ~;Carron 

Solid Waste Unit 
Program Development Section 
Solid and Hazardous Waste Division 

RJM:rw 
~ 

Enclosure 

Phone: 612/296-7353 
1 935 West County Road 82. Roseville. Mmnesota 5511 3·2 7 85 



PROPOSED RULES 

c. A ~J'Ccial rc:rort from the: owner·~ or op.:rator·~ indc:rc:ndc:nt c~niftc:d public accountant to the O" n.:r or opc:r~tor 
stating that h< or 'he h~\ comp;trcd the data "hlCh the lc:11c:r fwm the chi<·f fonancial<•fficc:r 'P<·citic~ ~' h;ovin~ bc<·n dc:ri,c:d 
from the imkpcndc:ntly audited. }'C::Or-end f1n;on.:i~l \latcmc:nl\ fl>r the btC:\1 fi\Cai yc;or \\ith lh~ ;tmount> in \UC.:h itn.lnCtal 
statement\. :md in connection with th;ot proc<durc:. no m~llc:rs came: to hi> or hc:r allcntiun "hi.:h cau~c:d him or her w t>dtc\'C 
that the S['<!Cified <bt:. ~hould be adju,ted. 

6. An o"'·ncr or operator of a new facility shall >Ubmit the itc:rn\ s~.:ific:d inS. to the director at least 60 da)'S bdore the 
date on ... ·hich hazardous "'a~te i~ fif\t rc:ceived for trc:atmc:nt. storage. or disposal. 

7. Af1er the inilial ~ubmi~~ion of items specified in S .• the o"·nc:r. or opc:ralor shall sc:nd updated information to the 
direelor within 90 d~rs after the: clo~c of .:ach succcc:Jing fiscal year. Thi~ information mu>t con,;,, of all thrc:e items >pcciftc:u in 
s. 

8. If the owner or opc:ra10r no longer mc<ts the: requirements of 1 .• he or she shall ohtain in~urance forth< entire amount 
of r<quired li~bility co•·eragc: as spc:cifi.:d in this ruk. Evidence of in~uranc< mu~t be ~ubmith:d to th.: director within 90 days 
after the end of !he: ftscal year for which !he ycar..:nd financial data show thai the o"·nc:r or opc:r:uor no longer mce1s the le\1 
requirements. 

9. The: director may di~allow usc of this test Or) the basis of qualifications in the opinion npresscd b)' the indc:pcmknl 
certified public accounlant in his or hc:r report on e~amination of the: owner's or operator's financial ~latc:mc:nls rc:quir,·d by S.b. 
An advenc: e>pinion or a disclaimer of opinion \\ill be cau'c: for disallo"ance. The dirc:clor ~hall evalu:.tc: olhcr qu:.liftcati,•n' ''" 
an inui•·iJu:.l ba,is. The owner or opcr:ltor ~hall pro' ide: evidence of in,urancc fur !he enlin: amount of rc:quirc:u li;tbiltty 
covef.>ge as specified in !his rule within 30 d;>)'S after notific<ttion of di'i.allow;mcc. 

6 MCAR § 4.9313 Incapacity of owners or operalors. p!arantors. or financial institutions. 

A. No1ifica1ion <•f hankrupiC)'. An o"·n.:r or ''J'Crator 'hall notifr !he: uirc:c10r br c.:rtified mail of the commenc .. ·mc:nt !'fa 
voluntarr <'r involuntarr pr<lCecuin!; under United States (<>de. ti!lc: II. Uankruptcy. namin!; the owner e>r opc:r:.tur :I\ ucl--t.>r. 
y,·ithin len ..Jars :~fter commencement of the: pr<lCecdinf:. A gu~rantor of a corp..•r:•t.: gu:tr:tntee as spc:c_ifieu in 6 ~IC:\R ~ ~ ~. '.1 _;lk• 

F .• ~.930~ F. and ~.'1310 ·F. shall make the notification· if he or >he is narric:J :~s dc:btor. as requireu und.:r the term\,,; the 
corporate ~u~rantc:e. 

R. lnc:•p:tcit)' of f•nancial in,titutions. ,,n owner or oper:~tor who fulfill\ the requirements of 6 .\!C:\R H ~.9~06. ~.'!_;nx. 
4.9310. <•r ~.9.11~ h)'.<'t.l:tinin~ a tru\t fund. wr.:t)' b<•nd. kiter of creuit. or in\urancc policy will be uc:cmc:u 10 be\\ ithoul the: 
required financi;tl :1~\ur:~nce or liabilit )' coHra~c in the C\'ent of t-ankruptcy of the tru,tcc: or is,uin~ in" itution. or :1 ~u,p.:n,i!'n 

or revoc:.tion of th.: :tuthority of the tn"tc:e in\titution to act as lrustee or of the in\titution is,uing the wr<·ty ~>••nu. kll<"r oi' 
crc<lit. or in sur:~ nee: P<'licy 10 ;,sue these in>lrumcnts. The O\\ ncr or O('<!r:.HM shall c:'tablish other ftn:tnci:tl as,urancc: or liahdit:-
cover:tge "ithin {>!l u:tn <tfter such an e\'C:nl. •· 

6 !\!CAR§ ~.931~ \\'ording of instruments. 

A. Trust agr.:cmenl for 1rus1 fund. The !rust agreement and certificate of acknowkdgc:mcnl :~re as follows: 

I. A !rust af:reemcnt for a tru'l fund as SJ'CCificd in 6 ~!CAR ~ ~.'1306 A .• 4.9308 A .. 4.9310 A .. or ~.9~ 10 A. must be 
worded as specified in Exhibit 6 :'>!CAR~ 4.931~ A. I.· I. except that instrunion\ in br:.ckels must be replaced with the rclc:"~nt 
information :tnd the t-rackcts deleted. 

EXHilliT 6 ~I CAR § 4.9314 A. I.· I 

TRUST AGREOIENT 

Trust Agreement. the ··A~::reement.". entered into as of (date( by an.J between (name of the owner or nperator]. a (name of 
state] (insert "corpt'r:ttion." "partnership ... "association:· or "proprietorship"(. !he "Grantor:· <tnd (name of corpor:~te 
trustee]. [insert "incorpor.ned in the state of------:----------------------~---
or "a national b:>nk"]. lh< "Trustee:· 

Whereas. !he :\linriesuta Pollution C'onlrol Agency IA!;cncy). an agency of the state of Minnesota has e'tabli\hcd certain rules 
applicable to the-Gr.tntor. requiring thai an owner or opc:r:ttor of a hazaruous waste f:~cility >hall proviue assurance that funds 
will be av:.ilablc wh,·n n.:cded for closure and/or po,t·closure care of. and/or corrective :.ction for the facility. 

. v 

KEY: PROPOSED RULES SECTION- Underlining indicate~ allllitions to cxi,ting ruk language. Mfilrt- t+tth inlli,ate 
deletions from cxistino. nrle language:. If a prorosc.J ruk is tolitlly new. it is de,ignated "all new material." ADOPTED 
RULES SECTIO:-i - Underlinin): indicates additions 10 propo\ed rule lan!_:ua!_:c. &tfflie t>ttK in.Jic:~te deletions from 
proposed rule lan!!uagc. 
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Wherc::".the Grantor ha' c:lcch:d w "tat>li,h a tru\lto pro,·idc allt>r part oft he financi:.sl a\\orancc: for the: facilities idc:r.tific:d 

herein. 

Whereas. the Granlor. aclinf: thrt>Uf:h its duly aulhorizc:d officers. has selected the Tru\IC:c to be the trustee under this 
agrccm.·nl. :md the Tru,tc:c: i' "illinf 10 act a\ tru,h:e. 

Now. Therefore. the Granlor and lhc Tru,lce at;rce as follo ... ·s: 

Section I. Dc:linitions. As u'ed in thi' Agrc:cmcnt: 

a. The term ··Grantor"" means the o\\·n.:r or or<:rator who cnlcrs into this Agreement and any succes~ors or assigns of the 
Grantor. 

b. The term ""Trustee:· means the Trustee ""hO enters inlo this Agreement '!"d :my succcs,or Trustee. 

Section:!. Jdc:ntilication of F:acilitic:s and Cost Estimates. Thi' agrc:ement pc:rt:ains to the facilities :md cost estim:otcs idcntifi~d 
on att:ochc:d Schedule A [t>n Schc:dulc A. for each facilily li't the identification numt>c:r. name. address. and the curr~nt 
corrective :oct ion. clo,urc. :anJ!or po't-closurc co\l cstimat'c,. or portions thereof. for which financial '"sura nee is demon\! rated 
by this Agre~mc:nt.l 

Section 3. f:.,t;,t>li,hmcnl of Fund. 'The Gr:mtor and the Tru\tcc herc:hy C\lahli,h a trust fund. the: "Fund:' for the hc:nefil of 
the Agency. The Grant••r :md thc: Trustee intend that nt> thinl pany h~ve accc:'s to the f'und C\Cepl :as herein pru,·id.·d. The 
Fund is c:st:ahli,heo.J initi:llly '" '''"'i,tin!;: of the pfllf\C:rty. "hich i' accc:pt:ahlc: to the Trustee. de,criheo.l in Schedule: D ~ttachcd 
hereto. Thb pwpc:rty and :~ny o1hcr pwp.:rty wh'Cquently lr.on,ferrcd to thc: Tru"ce i' rcfc:rrco.J to :os lhc: Funo.J. h>!=Cihcr with all 
carnin!=' :ono.J r>rufit, therc••n. le" any payn1ents or o.Ji,lrihuli<>n< made hy the Tru,lec pur"'""' to thi' Agrc:cmcnt. The: Funo.J 
shall he hc:lo.J by the Tru,tcc:. IN TRUST. as hereinafler provided. The Trustee shall not be: re,pon,iblc nor 'hall it undertake any 
rcspon,ibility for the anwunt or adequ~cy of. nor :any duly to collect from the: Grantor. any payments nc:cessary to discharge 
:any liahililies of the- Grantt>r C\lahlishc:d hy I he: Agc:ncy. 

Seclion ~- l':~ym.·nl ft>r Corrective ACiit>n. Cl<"ure. :md r,><t·Cio,ure C:>re. The Tru\lee ,h;oll make r:ormenl< from lhe Fund 
as thl· A!=•·ncy Dir,·cll>r <h:oll Jin:cl. in '"itinf:. II> rnwiJ,· forth~ p;oym,·nl of lhc ""''of rorr.·t·li,-~ :oclion. clt•,ur.:. :.nu·or 
post·cl<bUr<: c;orc of the f:.cilitie' co,·crc:o.J hy thi< A~rccmcnt. The Tru,lcc ,h;,ll rcimhur'c: the Gr:ontur or <llhcr pcr,on' as 
spccifi~o.J hy th~ A~.:ncy Dirt·cl<>r from I he Fund for C<>rr.:.:tiw "ction. cl'"urc. :>nu P<ht·clo,ure ~\pcnuitur~s in :.mouniS ;~s th~ 
Agency Director 'h"ll o.Jircct in writing. In ;ouo.litil>n. the Tru,tec sh:oll rduno.J to the Gr:ontor th~ :.mount' ;os I he ,\!!cncr Director 
specifics in" ritins::. Upon rdund. the:'<: funo.ls 'h"ll no lon!=cr con,lilute p:on of the: Fund a' dclineu herein. 

Section ~- P:.ymcnts Ct•mpri,inF- the Funo.J. PaymeniS m~Je to the Truslee for the Furto 'hall con<ist of '"'h or securities 
:acc.:ptablc to the Trustee. 

Section n. TruSit"e M:m:.t=ement. The Tru<tcc shall inve\1 and r.·in'"L'>I I he principal :.no.J inn•me of th•· Funo.J :~nd ~e,·p the 
Fund in,·e<led "' :• sinflc fund. wi1hout di<linelion h.:lwecn policies ano.J income. in :oecordanc.· wilh f'_~ncr:•l inn·,lment polici.·< 
and guio.Jdincs "hich I he ·Gr:mlur mar Ct>mmunic:~le in wrilinF- 10 I he Tru<lc<: from lime to lime. "'hjcct. ho>we,•t•r. lo lht: 
provisions of this Seetit>n. In in,- •• ,lint=. r.·inH·,Iinf:. C:\ch:.nfinf:. ~cllinf:. :md m:m:o)!in)! the Funo.J. the: Trustee shall dist:h:lfF-e his 
duties with respc:cl to the tru<l fund solei)· in the inl~rcst of 1he hcncliciary :md with th~ t:are. skill. prudence. and'dilif!c:nce 
under the circum,t:oncc' then prc\"ailing whit:h p.:"ons of pruo.Jencc. actin!= in:. like capacity and f:omili:or with such m:.tters. 
would usc in the conduct of an cnterpri<e of :1 like characta :~nu with like aims: c"cpt that: 

a. sccurilies or t>thcr obligations of 1he Grantor. or an~· Olher owner or opera lor of I he f:ICiliti.:s. or any of their affili:.lcs as 
defined in tht· IO\·t•,tmcnl Comp:1nr Acl of IY~O. Unil<"d Stales Code. till.: 15. 'ecli<>n SOa-~.1:.1. sh:~ll not be acquired or held. 
unless they arc 'ecuri1ics or other ohli!!:otit>ns of the: fc:uer.Jl or s1:o1c l!"'"crnmcn1: 

b. the Trustee is authorized to invest the Fund in time or demand deposits of the Trustee. to the ex1ent insured b)' an 
:agency of the fcdcr.olor ''"'~ gov~rnmc:nt: :~nd 

c. the Trustee is authorized to holo.J cash awaiting invcSimc:nt or distribution uninv"tcd for a re~son:~blc time and without 
liability for the pa)·mcnt of imcrcst thcrc:tHl. 

~ 

Section 7. Comminglint; :ond lnveslment. The Trustee is c~pressly :~ulhorizcd in irs discrclion: 

a. to transfer from time to time :~ny or :.II of the as\cl\ of the Fund to any common. commingled. or collective tru,t fund 
created b)" the Trustee in which I he f'und i' di~ihk to p:.rticipatc:. subject to all uf I he provisions !hereof. to be commingled with 
the assets of other trusts particip:lling therein: and 

b. to purchase shares in :~nr invcslment company rc:giqcrcd under 1hc lnvcstmt•nt Company Act of 19~0. Uni1cd States 
Code. tille 15. sections 80:~-1 ,., .H"Cf. incluo.ling. one which may he created. mana{!ed. undcrwriucn. or 10 which invc,tment 
advice is rendered or the shares of which :ore sold by the Truslecs. The Tru,lec: may vote such 'hares in its discretion. 
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Section 8. E~pre\\ Powers of Tru,tee. Without in :~ny ,.·ar limit in~ the pu"a' and d"cretion' con fared upon the Tru,lee by 
the other provi,ion' of thi.s Agreement or t->y l~w. the Tru,tce i, npre"l>" auth<•riLed and cmr<m,·reJ: 

a. To sell. c~ch:>n\!c. con•·cy. tr~n,fa. or oth.:rwi-c Ji'P'"c of :onr prop.:rty hciJ t->y it. hy puhlic tlr pri··~tc ~•lc:. No p.:rson 
dealing ,..ith the Tru,lcc may t->c t"><•und to 'ec to the :tpplication of the purch:"e money or to inquire into the ,·aliJity or 
exp:dicnq· of :t s:tlc or other c.Ji'P<"ition: 

b. To mal.:c. c~ccutc. acl.:nowlc:Jf!e. anJ c.Jclivcr :my anJ :.11 document' oftr:~n,fer and con•·q·ancc :tnJ any anc.J all other 
instruments th:ol m:t} t->e nccc"ary or appropriate to carry <>UI the power' herein f:r:ont,·c.J: 

c. To regi,ter :~nr 'ecuritie, held in the func.J in ih ""' n name or in the n:omc of a "''mince anJ to hoiJ an}· sccuril}" in hearer 
form or in holll: entry. or 10 comhine certificate' reprc,cntin!; the securities with certificates of the s;~mc i'sue hdJ by the 
Trustee "in other liduci:ory c:tpacitics. or to Jcpo,it or arrOtnf:e for the c.Jcpo,il of the 'ecuritics in~ qu:olift,·c.J ccntr:tl Jef""itory 
C\'cn though. when 'o c.Jepo,iteJ. the securities m:oy he merf:eJ anJ held in bull.:.in th,· n:ome of the n<•minec of the dep<"itory 
with oth.:r securitie' Jep<"itcJ th.:rcin hy another pcr,on. or to Jcpo,it or arr:on!,!c for the Jepo,it of :my sccuritie' issucJ hy the 
UniteJ St:~tcs Gov.:rnmcnt. or :~ny :O!,!ency or imtrument:~lity thereof. with a f,·Jcral rcsavc bank. butt he books and rccorJs of 
the Trustee shall at all times 'how that :•II the" securities arc p:~rt of the Fund: 

d. To dcp<"it :10y c:"h in the fund in inlcrest-bearinf! account' m:ointained or ,~,·inf:' ccnilicale' ;,sued hy the Tru,lcc. in 
its scp~rate corp<•r:ote capacity. or in :~ny other b:onkinf! in,litution aflili:lleJ with the Tru,tcc.to the extent in,ured by an :.gc:ncy 
of the f.:ifcr.tl or 'tate f:Overnmenl: and 

e. To compromi'c or othcrwi'c :~dju't all claim' i.n f:~,·or of or ~f!:Jinst the Fund. 

Section 9. T:~~cs anJ Expcn,cs. Allta~cs of :ony l.:inJ th:.t mar be ''"c'seJ or levied af!ainst or in re,pcct of the Fund :tnd all 
brol.:cr:o~,:c: commi"ion' incurred br the FunJ 'hall be paid from the FunJ. All other expen,es incurred h)" the Tru,tec in 
connection with the :~dmini,tr;lliun ,,f thi~ Trust. induJinf: fcc, fur lcf!al 'en·ice' renJcreJ tu the Tru,tee.the compcns.aliun of 
the Tru,tec to the extent not paiJ directly h)" the Gr:~ntor. and all other proper charge' an~ c.Ji,hur,emcnts of the Tru~tec 'hall he 
p~id from the FunJ. 

Section 10. Annual Valuation. The Tru,tee 'hall ~nnu~lly. :11 lca'l ~0 day' prior tulhc :•nnivcr,~ry d:•tc ,,f c'tahli,hmcnl of 
the funJ. furni'h 1<> the (iranlor :md to the .-\t:cncy Director a \latemenl C<>nf•rmint: the v:oluc: of the Tru'l. Any ~ccuritcs in the 
Fund sh;,ll t->c valued at m:~rl.ct value a' l>f no mor<' than hO days prior h> the ~nni•·cr,ary Jatc of c'tahli,hmcnt of the Fund. The 
failure of the Gr:mtllf to <•hjcct in writing to the Trush·e within 90 Jay' <&ftcr the 'talcment ha' hccn furni,he~ to the Grantnr :~nd 
the A~,:cncy Director 'hall con,titulc:. C<>nclu,ivcly hin~inf! "'sent by the Grant<>r. harrinf! the Gr:&nlor fwm :.ssenint: any claim 
or li~bility :~pin'l the Tru,tee with re,pccl lo matters di>clo,ed in the 'tatcment. 

Section II. Advice nfCoun,cl. The Tru,lc:c may from time tutim,· '""'ult with coun,el. who m:oy be cuumclto the Gr:~ntor. 
with respect to :.nr quc,tion ari,inr: as I<' the con,tructi<ln uf this .-\gre,·m,·nt or any acti<>n lu he tal-en hereunder. The Tru,tcc 
shall be fully .protected. to the extent permitteJ by law. in actinf: Up<>n the :~uvicc of counsel. · 

Section 1~. Trustee Compcn,ation. The Trustee shall he entitled to reasonable compensation for its services as ~greed upon 
in writing from time to time with the Grantor. 

Section 13. Svcccssor Trustee. The tru,tcc may resif!n or the Gr:ontor may replace the Trustee. but the rcsi~n~tion or 
repl:ocemcnl sh:~ll not be effective until the Gr:onlor has appointed a successor tru,tec and thi' successor accepts the 
appointment. The succc~sor tru,tcc shall h~vc the 'amc powers ~nd dut.ics as those conferred upon the Trustee hcreunJcr. 
Upon the successor trustee's acceptance 0f the app<'inlm,·nt. the Tn"tee ,h:oll a'sign. lran,fcr. and p~y o,·cr to the successor 
trustee the funds anJ propcnics then con,tituting the FunJ. If for any reason the Grantor c:mnol or docs not act in the event of 
the resignation of the Trustee. the Trustee m:~y :opply to a coun of competent jurisdiction for the appointment of a successor 
trustee or for instructions. The successor trustee shall specify the date on which it a"umes admini,tr:•tion of the trust in a 
writing sent to the Grantor. the Agency Director and the present Trustee by cenificd mail ten days bcf0re the change l.,..:"comes 
effective. Any e.xpcnscs incurred hy the Trustee as a result of any of the acts contemplated by this Section shall be p~id as 
provided in Section 9. 

Section 14. lnstnoctions to the Tru,tce. All orders. requests. -anJ instructions t>y the Grantor to the Trustee shall he in 
writing. si~:ncJ by t~1c persons as arc designated in the ~ttachcJ E~hibit A ·or other tlc,ignccs :.s the Gr<&nlor may Jc~ign~te by 
amendment to Exhibit A. The Trustee shall be fully pwtcctcd in ~cling without inquiry in accorJancc with the Grantor"s or~crs. 

KEY: PROPOSED RULES SECTION- Undcrlinin~ indicates :otltlitions 10 exi"inf! rule .l:onguagc. S.fi!i<! ou~ inJicatc 
deletions from existing rule l:mr.u;tgc. If'' prupo,cJ rule ;, tot<&lly new. it is c.J"ig.n;•tcJ ""all new m:llerial."" ADOPTED 

·RULES SECTION - Underlining indic<&tC\ auditions to pwpo"d rule l:tnf:uagc. &trilrt> ~~ inJicatc: Jelction~. from 
proposed rule l:.nguagc. 
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reque~t~. and in,tn&ction'. All unkrs. rc:quc,h. :md in,tructi,,n< hy th~ A~cncy to the Truqc~ ,h;,ll he in writ in(:. si~ncd hy the 
A!!ency Oir~ctnr: and the Tru<tCl' ,hall act and <h:oll t-c fully prutect<:d in :•ctin!! in accordance with the order-;. r,·que\t\. and 
instructi<ms. The Tru•ae.: ,h:lll h;"e the n~ht t<> a"ume. in the ah,ence of '"iuen notice to th,· contrary. th:~t nu e'cnt 
constitutin~ :• ch:~n!!e or a ternun;uiun of the authurit y of ;my person to a.:t on he half uf the Grant<>r or the :\f:,·ncy hcrcunJ.:r has 
occurred. The Tru,tec <hall h:~vc n•• duty to act in the at>~.: nee of orders. requests. and in~tructiuns frum the Grantor and 'or the 
Agency Direcl<tr • .:~cept as proviJ.:J for her.:in. 

Section 15. Notice of Nonpayment. The Tru,t,·.: shall notify the Grantor and the A~c0cy Director by ccnifi.:d mail within ten 
days folltm·in~ the c~pirati<>n of the ~0-day p.:ri,>d after the anni•·er.ary of the cstabli,hmcnt uf the Tru't. if no payment is 
received from the Grantor durin~ th;ll period. After the pay-in period is completed. the Trustee shall not l:>c required to send a 
notice of nonpayment. 

Section 16. Amendment of Agreement. This Agreement may be amended by ..an instrument in writing e~ccuted by the 
Gr.mtor. the Tru~tcc. and the Agency Director. or by the Trustee :md the Ascnq Director. if the Grantor cease~ to c~ist. 

Section 17. Irrevocability anJ Termination. Sut--ject to the ri!=ht of the panics to amend this Agreement as provided in Section 
16. this Trust sh:olll:>e irr.:voc:.hk and sh;lll continue until tcrmin:.tcJ at the written agreement of the Grant\Jr. the Trustee. and 
the Agency Director. or by the Tru,tee anJ the A!=cncy Director. if the Grantor cea,cs to nisi. Up<>n termination of the Trust. 
all rem:>ining tru't prllperty. less f1nal trust aJmini,tratiun e.\pcn,cs. shall be r.ldi,·creJ to the Gr:.ntor. 

Section 1~. Immunity anJ 1nJcmnif:catiun. The Tru,tcc shall not incur pc"onalliahility of;my n:>ture in connection \\'ith any 
acror omission, maJe in gnuJ bith. in the aJmini,trati<>n ofthi, Tru,t. or in carrying out any direction' h>· the Gr;.ntor or the 

·Agency Dircct<>r is~ucJ in accurJancc with thi,· Agreement. The Trustee shall he inJemnificJ ;mJ SOI\'Cd harmk" hy the 
Gr.mtor or from the Tru<t FunJ. or l:>uth. from and a~;ain't any pcr,onal lial:>ility to which the Tru,tec may l:>c suhjcctcJ by 
reason of any act t>r conJuct in its oflicial capacity. incluuing 0111 npcn-cs reasonably incurred in its Jcfcnse in the e,·ent th~ 
Grantor fails tu pnwiJc a defcn-c. 

Section 19. Choice of uw. This A~;rcemcnt shall be au ministered. construcu. and enforced accorJinc to the laws of the state 
of Minn"uta. 

'Section ~0. Interpretation. As u<eJ in thi' :\~recmcnt. words in the sin[!ular incluJc the plural and "orJ~ in the plur;d in.:luJe 
the sin(:ul:.r. The Jescripti\'c heaJinp for each Section of this A~;r.:cment ~hall nut affect the interpretation or the kpl cfti.:.•cy 
of thi~ A~;r•·cment. 

In Witness \\'hereof the panics ha•·c cau~ed this Agreement to l:>e executed by their respective officers duly authorizcu and 
their corporate se:•b to l:>e hacuntt> aflix.:J 01nd 01ttcstcJ as of the d01tc fi"t aho\'C written. The p:Irties below ccnify in:.! the 
worJing of thi' Agreement is iJentical to the "ording 'pecificJ in E~hibit 6 :-!CAR§ ~:931~ A. I.· I. as such ruk~ ''ac 
comtitutcJ on the J;,te fi"t ahove written. 

Attest: 
(TITLE I 
(SEAL! 

(SIGNATURE OF GRANTOR! 
(TITLE! 

(SIGNATURE OF TRUSTEE! 

Attest: 
(TITLE I 
(SEAL! 

2. Exhibit 6 MCAR § 4.9314 A.~.-2 is an example of the certification of ackn~wlcgmenl. which must accompany the 
tru~l agreement for a trust fund as spccificJ in 6 MCAR § 4.9306 A .. 4.9308 A .. 4.9310 A .• 4.9407 A .• or 4.9409 A. 

' ~ 

EXHIBIT 6 :-1CAR § 4.9314 A.2.·2 

CERTIFICATION OF ACKNOWLEDGMENT 
State of _____________________ _ 

County of ___________________________________ __ 

On this (date!. before me personally came (o\\'ner or op.:r:uorl to me known. "'ho. being· by me dul)' sworn. did depose and 
say thai she/he resides at laJJrc,sJ. that sticlhc is (title! of (corporation!. the .corpor;llion dcscrihcJ in and which executed the 
above instrument; that she/he knows the ~cal of ~aiJ corpor•tiun; that the seal afflxeJ to the instrument is the corporate seal: 
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July 20, 1984 

Mr. Robert J. McCarron 
Solid Waste Unit 

STATE OF MINNESOTA 

DEPARTMENT OF REVENUE ' 

P. 0. Box 64446 
St. Paul, Minnesota 55164 

Program Development Section 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B-2 
Roseville, Minnesota 55113-2785 

Dear Mr. McCarron: 

T~lephone. (612) 296-3401 

. ~w,·~§u 'd it:, 11)} 

JUL 2 3 1984 

MINN. POLLUTION 
CONTROL AGENCY 

I have received your letter of June 27, 1984 in which you ask if the 
trust fund which was created under your rules which were published in the 
State Register on October 24, 1983 would be subject to a business income 
tax. 

My answer is that these funds would be subject to a business income tax. 
They would be treated as part of the unitary business of the corporation 
since it is funds which have been placed aside by the corporation to pay 
its legal obligations in the area of corrective action, closure and/or 
post-clos~re care of the facilities. As provided in Secfion 4 of the 
agreement, the trustee shall make payments from the fund as are Qirected 
by the agency director. Any excess amounts are to be refunded to the 
grantor. Under Section 13 the grantor can replace the trustee when there 
is a vacancy in th~ office of trustee. Under Section 14 the trustee is 
subject to orders, requests and instructions by the grantor. Under Sec
tion 17 the trust is established and continues until it is terminated by 
written agreement of the grantor, trustee and agency director. 

The grantor has a large·amount of control over the fund and the trustee. 
Because of this, the funds really are to be treated as part of the grantor 
and subject to taxation along with the grantor. 

I hope this answers your question. 

Sincerely, 

~cC ~wJ 
ARTHUR C. ROEMER 
Commissioner of Revenue 

ACR/DHB/ml 

0~1 c::niiAI (\PP(\RTIINITV C::MPI nvc::R 
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STATE OF MINNESOTA 

DEPARTMENT OF REVENUE 

P. 0. Box 64446 
St. Paul, Minnesota 55164 

May 9, 1985 . 

W2~t~li 'WIElD) 
M~. Robert J. McCarron 
Program Development Section 
Solid and Hazardous Waste Agency 
Minnesota Pollution Control Agency 
1935 ~est County Road B-2 
Roseville, Minnesota 55113-2785 

Dear Mr. McCarron: 

MAY 1 r: 198:~ 

MINN. POLLUTION 
'ONTROL AGENCY 

I have received your letter of April 12, 1985 in which you ask that I confirm 
that Min~esota will be adopting the provisions of Internal Revenue Code 
Section 468 as enacted in Section 9l(b) of the Deficit Reduction Act of 1984, 
Public Law_98-369. 

In House File .538, which is the Department of Revenue Income Tax Update Bill, 
the Department of Revenue is proposing to conform }linnesota's income tax 
treatment with the federal treatment. Specifically, I reference you to Sec
tion 12 of that bill which amends Minnesota Statutes, Section 290.07, subd. 
7 by adding a new paragraph which says, ·"The provisions of·Sections 461 to 
468A of the Internal Revenue Code of 1954, as amended through December 31, 
1984, shall determine the taxable year for which a deduction or credit may 
be taken." This provision of Section 12 is effective at the same time that 
the federal changes made in Public Law 98-369 are effective in 1984. 

House File 538 has been passed by the House and is awaiting final floor 
action before the Senate. There has been no controversy about this provi
sion. 

In summary, this should confirm that once House File 538 is enacted into law 
by the Governor, Minnesota's tax treatment on the sinking funds set up for 
reclamation and closing costs would be identical with federal law. 

Sincerely, 

Q~~.-d"~-~ 
Dale H. Busacker 
Division Attorney 
Inco111c Ti.ix Division 

DIIB/ml 

AN EOU/\L OPPORTUNITY EMPI OYFR 
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Internal Revenue Service 

DistiiCI 
Director 

Robert J. McCarron 
State of Minnesota 
Solid & Hazardous Waste Division 
1935 West County Road B2 
Roseville, MN 55113 

Dear Mr. McCarron: 

Department of the Treasury 

316 N. Robert St.. St. Paul. Mmn. 55101 

Person to Contact: 

M. Karel 
Telephone Number: 

(612) 725-7965 
Reier Reply to: 

E:QR:Room 430:MK:bm 
Date: 

JUL 1 5 192:<1 
IN RE: 
Ruling Request 

Your Inquiry Dated: 
June 27, 1984 

Thank you for your inquiry referred to above. 

It is receiving our attention and we will send you a reply as soon as 
possible. 

If you have any questions, please contact the person whose name and 
telephone number are shown above. 

Thank you for your cooperation. 

Sincerely yours, 

?.Jrl~ 
Earl H. Hagg 
Chief, Quality Review Staff 

~~~~u w' ~w 
JUL171984 

MINN. POLLUTION 
CONTROL AGENCY 
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Internal Revenue Service 

Distroct 
Director 

Robert J. McCarron 
State of Minnesota 
Solid & Ha~ardous Waste Division 
1935 West County Road B2 
Roseville, MN 55113 

near Mr. McCarron: 

Department of the Treasury 

316 N. Robert St., St. Paul. Minn. 55101 

Person to Contact: 
M. Karel 
Telephone Number: 

(612) 725-7965 
Refer Reply to: 

E:R:Room 430:MGK:kp 
Date: 

AUG 0 3 1984 

~~-~ili,jj ~ it11J) 
AUG 0 6 1984 

MINN. POLLUTION 
CONTROL AGENCY 

This is in reply to your letter of June 27, 1984, in which a formal ~uling is re
quested concerning whether or not funds held in trust to. provide assurances that 
landfill operators can meet financial obligations for a number of years ~fter 
their businesses have closed, would be currently deductible by the operators. 

Your letter requests a reply on a proposed transaction based on a particular set 
of facts. Our response to such inquiries are subject to certain limitations as 
set out in Sections 4 and 7 of Revenue Procedure 84-1, enclosed. Based upon those 
limitations, we will not be able to furnish you a determination letter. However, 
our National Office exercises jurisdiction over rulings with respect to prospec
tive ·transactions of specific taxpayer's issues which could a-ffect a number of tax
payers and those questions which are not covered by clearly established principles 
of tax law, regulations, published rulings and court decisions. In order to re
quest a National Office ruling, please follow the procedures discussed in Section 
9. Additi-onally, your attention is directed to S,ection 5.05 which may restrict 
a National Office "rulingM response witho_ut your request being accompanied with 
one of the land fill operators request. 

While a determination letter may not be issued on this matter, we are happy to 
provide the following general information. 

In Fred P. Fiore, 79,360 PH Memo TC, Performance Bonds deposited with the state 
and local authorities to assure proper restoration of land involved in strip 
mining operations, weren't currently deductible in the year of payment since 
they were clearly not an expense. The bonds were in essence security deposits 
which the state and local authorities were required to return upon the petitioner's 
restoration of the land. The court ruled that the bonds therein, were similar 
to a security deposit in the sense that the recipient has no control over 
it and~merely holds the sums deposited for the one who paid them. The bonds 
were not an expenditure at all but rather an asset of the petitioner. It would 
be an expense to him only if he defaulted as a result of his lack of performance. 
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Robert J. McCarron 

In Revenue Ruling 58-190, A cemetery company or corporation was not re-
quired to include in gross income for Federal Income Tax Purposes that portion of 
the contract sale price of burial lots or mausoleum crypts which, by requirement ~ 
of state law is obligated to be irrevocably set aside in trust solely for the 
perpetual care and maintenance of the cemetery, burial lot or mausoleum crypts to 
the extent that ~uch portion is so set aside. The cemetery cases are different 
than the above performance bonds care in, that in those cases it is impossible .·, 
for the principal or income, of the irrevocable Trust Fund to inure to the 
benefit of the taxpayer. 

While there is proposed legislation (H.R.l414) to allow landfill operators to take 
annual deductions for partial and post closure set aside expenses, this legislation 
is in the preliminary stages and therefore, it is not discussed within. 

This is not a ruling or determination letter and should 
determination in the event of a subsequent examination. 
will find the information helpful. 

Sincerely, 

not be considered a pre
We trust however, you 

:::~:;G#(j)cQ . 
Chief, Quality Review l~ff 
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Minnesota Pollution Control Agency 

July 18, 1984 

Mr. Mike Karel 
Internal Revenue Service 
316 North Robert Street 
St. Paul, Minnesota 55101 

/':: ./· .. 
Dear Mr.~: 

I have enclosed a copy of the magazine article you requested in our phone 
conversation on July 9, 1984. I hope it will save you some time in your 
research. 

We also discussed the role of State laws and regulations in this process. The 
last legislative session passed the Metropolitan Landfill Abatement Act. 
Section 49 of this bill amends Minnesota Statutes 1982, section 116.07. This 
section directs the Minnesota Pollution Control Agency (MPCA) to adopt rules 
that will require landfill operators to perform closure and post-closure care 
activities. The MPCA is also directed to adopt rules that will secure· financial 
assurance for these activities. 

Our unit is developing these rules. 
allowance for the use of trust funds 
in my first letter. 

We fully expect these rules to make some 
that follow the model I sent to your office 

Sood luck in your research and please call again if you have more questions. 
look forward to reading your results. 

Sincerely, 

,./ 
.r/,.-'"· . /f· "'<'""· .--· 

/ .. 

·Robert J. McCarron 
so(;d Waste Unit 
Program Development Section 
Solid and Hazardous Waste Division 

RJM:dd 
Enclosure 

Phone:612/296-7353 

1935 West County Road 92. Roseville, Minnesota 55113·2785 
Regional Offices • Duluth;BrainerdiDetroit LakesiMarshaiiiRochester 



Minnesota Pollution Control Agency 

April 12,.1985 

Mr. Dale Brusacker 
Income Tax Division 
Department of Revenue 
Centennial Office Building 
658 Cedar Street 
St. Paul, Minnesota 55145 

Dear· Mr. Brusacker: 

I want to follow-up on the matters we discussed in our phone conversation of 
March 28, 1985. My early work on landfill fi!l3ncia1 assurance rules led :ne to 
consider the tax effects of the financial mechanisms customarily used in such 
rules. I believe you drafted Commissioner Roener's reply to my first inquiry. 
lhe reply is d~tea Juty 20, 19~4. 

The Congress changed applicable federal tax prov1s1ons at nearlj.the same time 
that you were writing the reply. I t>el ieve the relevant la~~ is referred to as 
the Tax Reform Act of 19R4, section 232. There is a brief message appefided to 
this section which may be related to the citation- it reads, "Act Sec •. 91, 
adding Code Sec. 468." 

You said in our phone discussion that Minnesota tax treatment will be the same 
as federa 1 tax· treatment. Please send me a written statement to that ef feet. I 
will need to incorporate s~~e statement of tax impacts into the statement of 
need and reasonableness 11hi ch accompanies the rule. 

Thank you for your consideration in this matter. 

Sincerely, 

/,::2::~~ 
Program Development Section 
Solid and Hazardous Waste Division 

RJM:dd 

Phone612/2 9 6-7 35 3 

1935 West County Road 82. Roseville. Minnesota 55113·2785 
Regional Ofloccs • Oi.Jiutt·,t[lrnoncrd/Oetrool LakcstM.Hsloallif1ocheslcr 
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TIME VALUE OF MONEY-ACCOUNTING OiANGES 

Economic performance rule 
lox shelters 

1 230 

1 231 

Nuclear power plants . . . . . . . . . f 234 

Mine and waste disposal 
reclamation and closing costs 

Deferred statutory and tort liability 
loss ..... . 

t 232 

t 233 

Deferred payments under rental 
agreements .............. . 

LIFO acc~unting method ..... . 
Accrued vacation pay ........ . 

Economic Performance Rule 

n 230 

, 235 
, 236 
, 237 

Deduction for future expenses permitted no sooner than time of economic 
performance.-Under the so-<:alled "all-events test" stated in Reg.§ 1.461-1 (a) (2), 
an accrual basis taxpayer is generally entitled to deduct the face amount 
of an accrued <"Xpense in the taxable year in which (1) all of the events 
have occurred that determine the fact of liability and (2) the amount of the 
liability can IJ<" <letermined with reasonable accuracy. This test has been 
interpreted by courts to permit the current deduction of expenses that are 
related to activities to be performed or amounts to be paid in future years. 
The current deduction of future expenses, however, results in an overstated 
deduction to the extent that the time value of m9ney is not taken into account. 
For example, d partnership that claims a current deduction for the undis
counted amount of an expense that it is obligated to pay in a future tax year 
has overstated the deduction by the amount that exceeds the present value 
of the future expense. 

The Act m • .,lifies the "all-events test" in a way that prevents such over
statement of advance deductions (and avoids the complexities that could have 
resulted if a discounted valuation system had been enacted). Generally effec
tive on the d:ty after the date of enactment, all of the events that establish 
liability for an amount, for. the purpose of determining whether such amount 
has been incuncd with respect to any item, are treated as not occurring any 
earlier than th<" time that ·economic performance occurs with respect to that 
item. ' 

Specific statutory principles apply for purposes of determining when the 
time of economic performance occurs for the types of items described below. 

Prop"IY o11d sn-vius providtd to ta.rpoy". In the case of a liability of a tax
payer that requires a payment lor property or services, economic performance 
is deemed to occur as the property or services are provided to the taxpayer. 
If the liability arises out of "the taxpayer's use of property, economic per
formance occur~ :1s the taxpayer uses the property. 

Example (I): A partnership on the accrual basis contractually obli
gates itself in October of 1984 to pay Techno Inc. $10,000 for research and 
developmrut to be performed in 1985. No amount is deductible before 
performan,·r is rendered in 1985. 

Prop~rty otld services providt>d by tarpayn-. If the liability of the taxpayer 
requires him In provide services or property, then economic performance 
occurs as the ta.~payer provides the services or property. 

!J 230 



80 Tax Reform Act of 1984 

Work"s' compensation and. tort /iabilitin In the cosc of liabilities of a 
taxpayer to another person that arise under workers' compensation laws or 
out of any tort, economic performance occurs as payments to that person are 
made. 

Eruption for urtain ruurring it~ms. The Act treats certain recurring 
items ai; incurred in advance of economic performance, provided that the all
events test is otherwise satisCied. The exception is· intt~ndcd to prevent the 
disruption· of normal business and accounting practices so as to avoid the 
imposition of· unnecessary burdens on taxpayers. Undt·i· the exception, an 
item is treated as incurred during a taxable year if (I) the all-events test, 
without regard to economic: performance, is satisfied during such taxable 
year, (2) the economic performance test is met within the shorter of By. 
months or a reasonable time after the close of such taxable year, (3) the item 
is recurring in nature and the taxpayer consistently trca"ts similar items as 
incurred in the taxable year in which the all-events test is met, and ( 4) 
either the item is not material or accrual of the item in the year that the all
events test is met results in a better matching against the income to which 
it relates than accrual of the item in the taxable year of economic perform
ance. In determining whether an· item is material or whether a more proper 
matching against income results from deduction of an expense prior to ceo
nomic performance for purposes of (4), above, the treatment of the expense 
on financial statements is to be taken into account. The recurring expense 
exception does not apply to workers' compensation liabilities or tort liabilities 
requiring payment by the taxpayer to another person. 

Example (2): Income from the sale of goods is recognized in year 
1, but the goods are not shipped until year 2. The shipping costs are 
more properly matched to income in year 1, rather than in year 2. 

Example (3): A calendar-year taxpayer enters into a one-year main
tenance contract on July I, 1985. If the expense is prorated between 1985 
and 1986 for financial statement purposes. it should also be prorated for 
tax purposes. However, if the full amount is deducted in 1985 on the finan
cial statements because it is not material under g-enerally accepted ac
countinJ< principles, it may (or may not) be considered material for 
purposes of the n·curring-itcms exception. 

Other liobilitics. The Secretary is authorized to prescribe regulations gov-. 
'"rning- the time of economic performance of any othl"r liability of the tax-
f~y~r. . 

Rcscrvcs for ntinUltcd n:pcnsn. The economic performance rule does not 
apply to any deductions for aciditions to reserves for ~stimatcd exp("nses that 
arc specifically allowed by the Code, as, for example, reserves for bad debts 
(Code Sec. 166), vacation pay (Code Sec. 463), and discount coupons (Code 
Sec. 4(>6) . 

.'~paial rlutimu _('rrmit drduction in a~nmrc of economic prr{orn:ancc. \V_here 
a taxpay_cr ckct~ cot her to adopt a unoform method for, deducting qualofied 
r("clamatoon anci. closinJZ costs associated with certain mining and solici waste 
dospo~al pr'?pc~tocs (~ 232) or to dcciuct contributions to a C]Ualifit·d Nuclear 
Dt•commrssronong l~t·st·rve Funci (U 234), the cronomic performance rule docs 
not apply to these two typ~s of costs. 

E_Jcction for car/i,·r application. In det~rmining whether an amount has 
been mcurred, a taxpayer may elect to have th~ economic performance rule 

v 230 
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Mine and Waste Disposal Reclamation and Closing Costs 

II 232 
Election:-EITcctive generally for costs incurred after the date after 

enactment, the Act provides taxpayers with an election to adopt a uniform 
met hod for deducting qualified reclamation and closing costs as.~ociated 
with certain mining and solid waste disposal properties in advance of 
economic performance. In general, qualified reclamation atul closing costs 
include expenses incurred under the Surface Mining Control attd Reclamation 
Act of 1977, the Solid Waste Disposal Act, or any other similar Federal, 
State, or, in the case of waste disposal sites, local law. Taxpayers are per
mitted to revoke an election made with respect to any property; however, 
a revocation is irreversible. 

The election to claim advance reclamation and closing co . .:t deductions 
may not be made unless the taxpayer establishes a separate reserve account 
(sinking fund account) for reclamation costs and a separate reserve account 
for closing costs. The accounts are required for each reserv<: property for 
which the election is made. The reserves are used to determitte additional 
deductions for excess amounts paid and amounts that must I.e added back 
to income each year. · 

Amount of deduction. In the case of qualified reclamation costs, the de
duction for any taxable year is equal to the current reclamation costs alloca
ble to a property disturbed during such taxable year. Currettt reclamation 
costs are the qualified costs that would l>e paid if the reclamation activities 
were performed currently. The deduction for qualified closing costs for any 
taxable year is equal to the current closing costs allocable to the production 
from a property dur.ing such taxable year. Current closing costs are the 
qualifying costs that would be paid if the closing activities were performed 
currently. Closing costs are determined on the unit-of-production method 
for mine sites and on the unit-of-capacity method for solid waste disposal sites. 

Reserve account ·adjustments and recapture. The opening balance of any 
reserve account during its first taxable year is zero. Each taxa IJle year, the 
account is to be increaseq by the deduction claimed for current reclamation 
and closing costs for that year and by the interest that would be earned on 
the opening balance if !=Oinpouf!ded semiannually at 70% of the Code Sec. J_274 
short-term rate for tax years ending in 1984 and 1985, 85% in tax years 
ending in '1986, and 100% thereafter. Any amounts actually paid during a 
taxable year for qualified reclamation or closing costs are charged to the 
account as of tlie last day of the taxable year. An additional deduction is 
allowed in any taxable _year in the amount of the excess (if any) of the 
qualified reclamation and dosing costs paid during the year over the closing 
balance of the reserve ai:cou'nt at the end of the year (determined without 
reducing the account by the qualified reclamation and closing rusts actually 
paid). · 

In the case of an account established for reclamation costs, a taxpayer 
is required to include in gross income for any taxable year the excess of the 
closing balance of the account over the current reclamation costs of the tax
payer for all portions of the reserve property disturbed during any taxable year. 
In the case of a closing costs account, the excess of the ending balance over the 
current closing costs of the taxpayer~etermined as if all production with 
respect to the reserve property for any taxable year to which the election 

1l 232 
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applies had occurred in the taxable year-is included in the taxpayer's ,::-ross 
income. In det<'rmining the recapture at;nount, all adjustments described in 
the preceding p:oragraph :1rc m:1de first. 

If an election is revoked or the closing- or disposition of a mine or waste 
disposal site is completed. the outstanrling b:~lance of the account must also 
be included in ~:ross income. If an election is not in e!Tect for at le:1st one 
taxable year in which the reserved property is disturbed (or proc\uction 
occurs), items with respect to such property will be allocated to the account 
in accordance with regul:~tions to be prescribed by the IRS. 

Ef!utive daft uuption for eristing accounting practiu and fired tria ore 
supply contracts. If on March I, 1984, a taxpayer was regularly computing 
deductions for mining reclamation activities under a current cost method of 
accounting, li:~bility for reclamation activities (a) for land disturbed before 
the effective elate of the Act or (b) relating to a fixed price supply contract 
described below is treated as having been it)curred when the land is disturbed. 

The :~menolonents made by the Act relating to the reclamation and closing 
expense c\edurtion clo not apply to any minerals extracted from a property 
and sold pursuant to a fixed supply contract entered into before March 1, 
1984. This exception, however, does not apply to any extension of a contract 
beyond rhe period that the contract was in effect on March 1, 1984, or to 
any renegotiation of, or other change in, the terms and conditions of a contract 
in effect on March 1, 1984. 

Act Sec. 91, adding Code Sec. 468. 

Def~rred Statutory and Tort Liability Loss 

v 233 

Ten-year net operating loss carryback for deferred statutory or tort liabil
ity 1oss.-Unolcr the Act, a deferred statutory or tort liability loss may be 
carried back :IS a net operating loss to each of the ten taxable years preceding 
the year of tht· loss. The extended ten-year carryback period applies to de
ferred statutory and tort liability losses incurred in taxable years beginning 
after 1983. ll ow ever, the losses cannot be carried back to a taxable year 
beginning before 1984, except to the extent provided under other rules. 

A deferred "tatutory or tort liability loss is defined as the lesser of (I) 
the net operating loss .for the year reduced by any portion of the loss attrib
utable to foreig-n expropriation and product liability losses or (2) the amount 
incurred for clcductiblc liabilities arising under Federal or State law or out 
of any tort (other than a procluct liability loss for which a ten-year carryb:~ck 
period is provided by Code Sec. 172(b)) that is taken into account in comput
ing- the net operating loss for the year. With respect to (2). above, in the 
c:~se of a st:otootnry li:ohility :~rising- out of a federal or state law, the :ICt or 
failure to act that g-ave rise to the li:~hility must have occurred at least three 
years before tloc beg-inning- of the taxable year. In the case of a tort liability, 
the liability must have :~risen out of a series of actions or failures to act over 
an extended period of time, a substantial portion of which occurred at least 
three years hefore the beginning of the taxable year. The ten-year carryback 
period does not apply to a deferred statutory or tort liability unless the tax-

! 233 



3 6. 2 8 6 RECLAMATION AND CLOSING COSTs-§ 468 

Deferred Payments Under Rental Agreements 
n :zc:a6XS.09]-;Continu~d 
• CCH Explanation ______ _ 

Cumulative 
percentage of 

Portion of total rent 
lc:ae term: deemed paid: 

1st liS . • • • • • • • • • • • • • • • . • • • • • • • • • • • ••• • • • • • •• • . •• • • •• . • • • • • • • • • • • • . 10 
2nd ~~ . '· ...••...............•..•...••....•.•• .-.................. 25 
3rd ~~ . . . . . . . . . . . . • . . . . . . . . • • . . . . . • . • . . • • • . • • • . • • • • • . . • . . . . . . . . . . 45 
4th l·; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Last J13 ..••••..••.•••...•••..••.•••••.••••••••••••••••••..• : • • . • • 100 

(ii) Open.tin~; Rules.-For purpos~s of this schedule-

. (!) th~ rent ;allocable to ~ach taxable yc;or within any portion of a !ease term 
described in such schedule shall b~ a level pro rata amount properly allocable to 
such t:Lxal.llc year, and 

(II) any a~;rccmcnt r~lating to property which is to be placed in service in 
2 or more St.lgcs sh.lll be trc.Jted as 2 or more separate agreements. 

(C) Paragraph Not to Apply.-This paragraph shall not apply to any 
agre~ment if the sum of the present values of all payments under the agreement 
is greater than the sum of the pr<Osent value of all the payments deemed to be 
paid or r..ccived under the sc!H·dule undu subpuagraph (B). For purposes of 
computing any present value under this subpan.graph, the a'nnual discount rate 
shall be e<Jual to IZ percent, compounded semiannually."· 

-CCH. 

~Caution: Code Sec. 468, below. as added by P. L. 98-369, 
generally «pplies to costs incurred alter July 18, 1984. ~ 

[ V 2926YJ SPEOAL RULES FOR MINING AND SOliD 
WASTE RECLAMATION AND 

CLOSING COSTS 

i 
I 

I 
~-..,. 
!'> 

5«. 468 (1954 Code). (a) EsTABUSH><ENT OF RE:suv£5 FOR RLo..JoLATION .um 
CLOst><c Cos=-

( I) ALLOWANCE: OF DI:OUC'110N.-lf a taxpayer elects the application of this 
subsection with respect to any mining or solid waste dispo_sal property, the· 
arnount of any deduction for qualified. reclamation or closing costs for any 
taxable year to which such election applies shall be equal to the current rec- · 
lamation or closing costs allocable to--

(t\) in the co.sc of qualified roclamation costs, the portion of the 
r~scrve property which was distur '· ~d during such taxable year, and 

(B) in the case of qualified d o·,ing costs, the production from the 
roson·c property during such taxatl' year • 

{2) OP~.;\:1:'\~ D.\L-'l'C'E ANU ADJUST). TS TO R.£SERVE..-

(.A.) 0l'£XIXG II.< LANCE:.-The 
F.rst taxol.llc year ohall be zero. 

( [l) ] XCR.£A~E. FOR U.:TERESi·.-· 

( i) l :-; C£NF.<AI •. -A rose 
~1\ :lliiVHIIl C(jU.ll IO the anh 

.!arin.:.: =--1od.1 l .. lx.Jblc year OJ 
for .such taxable year if suet. 

ting bola.nce of any reserve for its 

~ll! be incrcoscd each taxable year by 
of interest which would be earned 

opening balance of such reserve 
rest were computcd-

~ 2S26Y Code§ 468 84, Commerce Clearing House, Inc. 

MINN. POLLUTION 
CONTROL AGENCY 
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RECLAMATION AND CLOSING COSTS-§ 468 3 6. 2 8 7 

iiif+ Caution: Code Sec. 468, below, as added by P. L. 98-169, 
geiJer.allr . .applies to costs incurred after july 18, 1984. ~ 

(I) at the .Federal short·t<rm rate or rates (determined 
under section 1274) in effect, an~ 

(II) by compounding semiannually. 

(ii) PHASE-.1'1 OF INTEII.EST I!.AT£.-Jn the ca.se of t.a.xable years 
ending before 1987, the rate determined under clause (i)(l) shall 
be equal to the following percentage of such rate (determined with
out rcg~rd to this clause): 

In the CaJie of The percentage 
ta:a.ble yean ending in: is: 

1984 or 1985 .................................... 70 
1986 0 0 0 0 0 0 0. 0 0 0. 0 0 0. 0 0 0 0. 0. 0 0 ••• 0 •••• 0. 0. 0 0 0. 0 0 0. 85 

(C) RESERVE TO BE CHARGED FOR AMOUNTS PA!O.-Any amount paid by 
the taxpayer during any taxable year for qualif1ed reclamation or closing 
costs allocable to portions of the reserve property for which the election 
under paragraph (I) was in dTtct shall be charged to the appropriate 
reserve as of the close of the taxable year. 

(J) ALLOWANCE OF DEDUCTlOII FOR EXCESS AMOUNTS PAID.-There shall be 
allowed as a deduction for any taxable yeo.r the excess of-

(A) the amounts described in paragraph (2)(C) paid during such 
tuablc year, over 

(B) the closing balance of the rcservt lor such taxable year (deter
mined without regard to paragraph (Z)(C) ). 

(4) L11oUTA"T10N ON BALANCE AS OF Ttl£ O.OSE OF AllY TAXABLE YEAR.-

( A) Rl:ct.AMA"T10r< RESERVLS.-ln the case of any reserve for qualified 
reclamation costs. there shall be included in gross income for any tax
able year an amount equal to the excess of-

(i) the closing balance of the reserve for such taxable year, over 

(ii) the current reclamation costs of the taxpayer for all por
tions of the reserve property disturbed during any taxable year to 
which the election under paragraph (I) applies. 

(B) CLOStNC COSTS RESERVES.-! n the case of any reserve for qualifi"O:J 
closing costs, there shall be included in gross income for any taxable 
year an amount equal to the excess of-

(i) the closing balance of the reserve for such taxable year, over 

(ii) the current closing cost of the taxpayer with respect to the 
rescn·c property, determined as if all production with respect to the 
reserve property for any taxable year to which the election under 
paragraph (l) applies had occurred in such taxable year. 

(C) ORDER OF APPUCATIOII.-This paragraph shall be apj,lied after all 
adjustfficnts to the rcscr...-c have been made for the taxable year. 

(5) ]NCO~U: J;-.;"CLUSIONS ON ,-~MPI~ETION OR OJSl"'S1TION.-Proper inclusion m 
income shall be made upon-

( A) the revoc~tion of 1 ckction Jmrier paragraph (1), or 

( 13) comrlction of 11 dosing. or clisposition of any portion, of a 
rcscn·c property.· 

(b) ALLOC.,TION t"OR PRO~f.RT"· 

A BtL y~,Rs.-1 £ the c1crtion un:k 
t:lxablc vc-ars in which the rcsc-n 
items w~th rl"'5fH'Cl to the rcscn 
such manner as the Se-cretary n 

854 CCH-Standard Federal Tax Reports 

'H£RE ELECTION NoT IN ErFtCT FOR ALL TAX
bsection (a) (I) is not in <fleet lor I or more 
lropcrty is disturbed (or production occurs), 
·opcrty sh:~ll be allocatccl to the reserve in 
trcscriUc by regulations. 

C<ldc § 468 ~ 2926Y 

.... 



~ 6. 2 6 8 RECLAMATION AND CLOSING COSTS-§ 468 

~Caution: Code Sec. 468, below, as •dded by P. L. 98-J69, 
generally •pp!ies to costs incurred alter July JB, !984. -<~ 

{1f2926Y)-Continued 

(c) REVoCAno:< OF Eu:cnoN; SO'ARAT& RESERVES.

(!} REVOCAnON OF ELECTION.-

( A) IN CE!>'ERAl..-The taxp.,ycr may revoke an election under subsection 
(a)(l) with respect to any property. Such revocation, once made, shall 
be irrevocable. 

(B) Tt .. E AND .. AN NEll OF REVOCATION.-Any revocation Wldc:r suiJpara• 
gr.:1ph (A) shall he made at such time ancl in such manner as the 
Secrcu.ry may prescribe. 

(Z) Sr..r.,R.•T£ aESERVES REJ2UIRED.-H a taxpayer m:U<cs an election undet 
subsection .(:.)(1). the taxp:~yer shall establish with respect to the property 
for which the election w:ts made-

( A) a separate reserve for qualified reclamation costs, and 

( il) a separate rcsen·e lor qualified closing costs. 

(d) Dut,.,no:<s AND Se£CtAL Rut.r.s RE.U.TtNC ro REa.....NATION AND CLOSING 
Cosn.-For purposes o£ this section-

'1!2926Y 

(1) CuRJ<EST R£0-<.NAnON AND O.OSINC corn.-
( A) CuotU:NT RECLA .. ATION cosn.-The tenn "current reclamation 

costs" means the amount which the taxpayer ,would be required to pay 
for qualified reclamation costs if the reclamation activities were per .. 
formed currently. 

( il) CuoREI'<T CLOSING cosn.-

(i) IN cw·ERAL.-The term "current closing costs" means the 
amount which the taxpayer would be req'uired to pay lor qualified 
closins costs if th~ closing activities were perfonncd currently. 

(ii) COSTS CO><PLJIT.D ON UNIT-DF·PRODUcnON OR CAPACITY WETHOD.
Estimatcd closing costs shall-

( I) in the case of the closing of any mine site, be computed. 
oc the ucit-ol-production method oi accounting, and 

(I l) in thr case ol the closing of any solid waste disposal. 
site, be computed on the unit-of-capacity method. 

(2) QU.,I.IFI£0 RECLA~IAT!ON OR CLOSING COSTS.-The term "qualified n:dama
tion or closing costs .. means any of the fo11owing expenses: 

(A) MtNING RF.C!...Ar.IATION AND CI.OSING COSTS.-Any expenses incurred 
for any land recl.amation or closing activity which is. conduc;ted in ac .. 
cordancc with a reclamation plan (including an amendment or modifica
tion thercof)-

(i) which-

(I} is submitted pur5 
or 523 of the Surface Mir. 
197i (as in effect on Januat 

(ll) is part of a sur 
~rJ.nted unrlcr the provisi· 
efT oct), or 

(ii) which is submitted pL 
law which imposes surface mi 
mcnts substantially similar to 
of such Act (as so in effect}. 

(il) Souo w"sT£ orst'OS.,L AND c 

Cede§ 468 © 

1nt to the prov<Stons of section 511 
·.~ Control and Reclamation Ac~ of 
, 1984), and 

e milling and reclamation permit 
of title V of such Act (as so in 

ant to any other Federal or State 
: reclamation and permit require
requirements imposed by title V 

IC COSTS.-

Commcrce Clearing House, Inc:, 
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~Caution: Code Sec. 468 "low, as added by P. I •. 98-J69, 
genNally applies to costs h :red after July IH, /984. -<-E 

(i) Is CE.NEICAI..-Ar :XflC'Il:iC'S incurred fc.•r :my l.J.nd rC<:'IJ.rru.t:on 
or closing activity in co :ction with :any ~olid waste di::1msal site 
which is conducted in ac. . .lance wilh :my fl<"rmit issued pur~u;o1t to-

(I) any provis: m of the Solid \Vastc Disposal Act (as in 
eiTect on January 1, 1984) rcquirinr; such activity, or 

(I I) any oth,·r Federal, State, or local bw which tmposcs 
requirc"mcnts suL!a:111tially similar to the requirements imposcJ 
by the Solid \Vastc Disposal Act (as so in efT crt). 

(ii) ExCF.T"TION FOR CERTAIN lf:\ZAR.DOL1S WASIT ~ITF.S.-(!Ju,;.e (i) 
shall not apply to that portion of any property which is di.-turbed 
after the property is listed in the nation:d contingency pbn estab
lished under section 105 of the Comprehensive Em·ironmcntal, Com· 
pensation, and Liability Act of 1980. 

(3) PROI'ERTY.-The term "property" has the mcaninr; ~,-eti such tonn by 
section 614. 

(4) Rr_c;r..avE PKOT'ERTY.-The term "'rcscn·e property•• mc=ms :1ny property 
with respect to which a reserve is cst;'lhlishcJ under suhscction (a) ( l ) . 

• 01 Added by P. L. 98-369. For details, J .25 Committee Reports on P. L. 98-369 
see Code Volumes. are at n 2901.04. · 

[II 2926YSJ NUne end Waste Disposal Reclamation 
and Closing Costs 

• • CCH Explanation ______________________ ., 

.01 Electlon.-Effective generally for costs incurred after July 
18, 1984,taxpayers can elect to adopt a uniform method for deducting 
qualified reclamation and closing costs associated with certain mining 
and solid waste disposal properties in advance of e<:onomic performance. In 
general, qualified recl<!mation and dosing costs include expenses incurred 
under the Surface Mining Control and Reclamation Act of 1977, the 
Solid Waste Disposal Act, or any other similar Federal, State, or, in 
the case of waste disposal sites, local law. Taxpayers arc permitted to 
revoke an election made with respect to any property;· howevt'r, a 
revocation is irreversible. 

The election to claim advance redamation and clo~ing cost de
ductions may not be made unless the taxpayer establishes a separate 
reserve account (sinking fund account) for reclamation costs and a 
separate reserve account·for closing costs. The accounts are required 
for each reserve property for which the election is made. The res~rves 
are used to determine additional deductions for excess amounts paid 
and amounts that must be added back to, income each year . 

. 02 Amount· of drouction.-I n the case of qualified reclamation 
costs, the deduction for any taxable yea'r is equal to the currcn t re· 
clamation costs allocable to a property disturbed during such taxable 
year. Current reclamation costs are the qualified costs that would be· 
paid if the redamation activities were performed currently. The de
duction for qualified closing costs for any taxable year is equal to tbe 
current closing costs' allocable to the production .from a property 
during such taxable year. Current closing costs are the qualifying 

8S4 CCH-Sta.ndard Federal Tax Report& Code §'468 .<y2926YS.02 

• ~! 

::• 
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Mine and Waste Disposal Reclamation and Closing Costs 

[1(2926YS.02]-Continued 
• • CCHExplanation ______ _ 

....-s;:osts th:~t would ue p:~id if the closin~ :<cti,·itics were pcrionnrd currc•:ILl 
·uCiosing costs arc detcm1in<td according to the unit-uf·pruducti .. , rm·:i'"'l 

for mine sites and on the unit-of-capacity method for ~·olio! wa-tc 
disposal sites. __ 

.05 Reserve account adjustments and recapture.-Tlr,· <>prnin~ 
.balance of any reserve account during its first t:Jx:Jblc y<::Ir is 7.cnr. 
Each taxable year, the account is to be increased by the dvcluct:"n 
claimed for current reclamation and closin!.!' costs for that ,·c:~r and In: 

,the interest that woul<l be earned on th'C opening- 'l>al:~ncc if """;. 
pounded semiannually at 70% of tl11· Cu•k ~ec. 12i·l short-term r:.ll' 
for tax years ending in 1984 and 19~5. B5~·;, in tax years cndin;:: in 
198G, and 100% thereafter. Any amount~ :Ictu:JIIy p:~id during- a t:Jx
able year fur qualified reclamation or closin;; co~ts arc ch:n;.::ccl to the 
account as of the l:l.st day of the taxable year. ,1\n :~<ldition:1l <lt:.luctiun 
is allowed in any taxable year in the amount of the execs,: (if :1:1y r 
of the qualified reclam~tion and closing costs p:~i<l during the ~·c·:>r 
over the closing balance of the reserve account at the end of the year 
(determined without reducing the account by the qualified reclamation 
and closing costs actually paid). See~ 60375.20 for applicai.Jic iederal 
rates. 

In the case of an acc~unt established for reclamation costs, a tax
payer is required to include in gross income for any taxable year the 
excess of the closing balance of the account over the current re
clamation costs of the taxpayer for all portions of the reserve prop
erty disturbed during apy taxable year. In the case oi a closing costs 
account, the excess of the ending bal;~nce o,·er the current clos:ng 
costs of the taxpayer-<letermined as if all production with respl'd 
to the reserve property for any taxable yc:~r to which the clccti0n 
applies had occurred in the taxable year-is included in the taxpayer·~ 
gross income. In determining the rec:~pturc amount, all :~djustmcnts 
described in the preceding paragraph arc maJe first. _ 

If an election is revoked or the closing or disposition of a mine 
or waste disposal site is completed, the outstanding babnce of the 
account must also be included in gross income. If an election is not 
in effect for at least one taxable year in which the rcsen-ed property 
is disturbed (or production occurs), items with respect to such 
property will be allocated to the account in accordance with regula
tions to be prescribed by the IRS . 

. 09 Effective date exception for existing accounting practice and 
fixed price ore supply contracts.-If on March 1, 1984, a taxpayer was 
regularly computing deductions .for mining recl:Jmation activities 
under a current cost method of accounting, liability for reclamation 
activities (a) for land disturbed before July 18, 1984, or (b) relating 
to a fixed price supply contract described below is treated as having 
been incurred when the land was disturbed. 

The. amendments made by the Act ·relating to the reclamation 
and closing expense deduc;tion do not apply to any. minerals extracted 

~ 2926YS.05 Code§ 468 
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Mine and Waste Disposal Reclamation and Closing Costs 
• • CCH Explanation _________________ -:--------. 

from a property and sold pursuant to a fixed supply contract entered 
into before March 1, 1984. This exception, however, docs not apply 
to any extension of a contract beyond the period that the contract 
was in effect on March 1, 1984, or to any renegotiation of, or other 
chan~e in, the terms and conditions of a contract in effect on March 
l, 19S4. 

For the text of the Tax Reform Act of 1984 (P. L. 98-369), Act 
Sec. 9I(g)-(i). seen 2907.2097.-CCH. 

E-+- c~ution: Code Sec. 468A, below, as added by P. L. 98-J69, geneully 
applies to costs incurred after July 18, 1984. ~ 

[~ 2926ZJ SPECIAl RULES FOR NUCLEAR 
DECOMMISSIONING COSTS 

Sec. 46SA ( 1954 Code]. (a) IN GENERAL-If the taxpayer dects the application 
of this subsection, there shall be allowed as .a deduction for any taxable year the 
amount of payments made by the taxpayer' to a Nuclear Decommissioning Re
se~ Fund (hereinafter referred to as the "Fund") during such taxable year. 

(b) Lr>l!TAT10N ON AMOUN'TS PAm INTO FuNo.-The amount which a taxpayer 
may pay into the fund for any taxable year shall not exceed the lesser of-

( I) the amount of nuclear decom,.,;issioning costs allocable to the fund· 
which is included in the taxpayer's cost of service for ratemaking purposes 
for such taxable year, or 

(2) the ruling amount applicable to such taxable year. 

(c) INCOME AND DEDUcnoNs OF n<£ TAXPAYER.-

(!) INCLUSION OF AUOUN'TS DISTtUBUTED.-There shall be includible in the 
gross income of the taxpayer for any .taxable year-

(A) any amount distributed from the Fund during such taxable 
year, other than any amount distributed· to pay costs described in sub
section (e) (2)(B), and 

(B) except to the <xtent provided in r<gulations, amounts properly 
includible in gross income in the case of any deemed distribution under 
subsection (e)(6), any termination under subsection (e)(7), or the dis
position of any interest in the nuclear powerplanL 

{2) 0EOUCT10N WilEN ECONOMIC PERFORMANCE OCCURS.-Jn addition to any 
deduction under subsoction (a), 'there shall be allowable as a deduction for 
.any taxable year the :\mount of the nucle:3.r decommissioning costs with 
respect to which cco:;•:mic performance (within the meaning o£ sectiO\, 
461 (h)(2)) occurs dur : such taxable year. 

(d) RUUNC A•roUNT.

( I) R£QUEST REQl! 
the fund unless the • 
schedule of ruling am< 

(2) RUUNC AWOUh 
taxable year, the amo 
(I) to be necessary to-

(A) fund th: 
taxpayer '''ith rc: 
ratio to the tota· 

854 CCH-Standard Federal Tax f 

r purposes o·f this subsection-

·>.-No deduction sh"ll be allowed for any payma.t· to 
·ayer requests, find r~eivcs, from the Secretary a 
s. 

The term ••ruling amount" means, with respect to any 
which the Secretary determines under paragraph 

•rtion of lhc nuclear decommissioning costs of the 
to the nuclear powerplant which bears the same 

:lear decommissioning costs with respect to such 

"ts Code§ 468R 1i 2926Z 

·,· 
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nuclear powc:rplant as the pcrio1l for which the f"und is in dTc:ct V~a. 
10 the estimated usdul life of such nuclear powc:rplant, and 

(fi) prevent :any c:c.:ccssivc fundi11g of such costs or the funding Q( 
such costs at ~ ratc more rapid th:m level funding, taking into account 
such discount rale~s as the: Sccrct:iry deems :appropriate. 

(3) REVIEW OF' A.MOU"~"·-The Sc<::rctary sh:tll at least once during the useful 
life of the nuc1car powcrplant (or, more frequently, upon the request o( the 
tJ.xp:.ycr) review, and revise if necessary, thc schcdulc of ruling amounts 
oct ermine•! under par.agraph ( 1). 

(c) Nuca.E .. ,R DE.COMMISSIONJNG TRU~T FuNn.-

( I) l N GtNtR.\L.-Eoch taxpayer who elects the applic~tion of this subsection 
shall cstaulish a Nucle~r D.commi"ioning Trust fund with r<sp<ct to each 
nuclear powcrplant to which such election -pplic::s. 

(2) TAXATION or ruND.-Thert is imposc<.l on the gross incomo o[ the Fund 
for any taxable:: year a tax at a rate equal to the:: maximum rate in effect under 
s<etion II (b), oxe<pt that-

{ A) there shall not b< included in the gross incom< of the Fund any 
payment to 'the Fund with r<sp<el to ~hich a deduction is allowabl< 
ucd<r subs.ction (a), and 

(B) ther< shall be allowed as a doouction any amount paid by the 
Fund described in paragraph (4)(B) (other than to tho taxpay<r). 

(.3) Cor-,.RtnUTIONS TO FuND.-Thc Fund shall not accoi>t any paym<nts (or 
oth<r amounts) other than payments with respect to which a doduction is 
allowable undtr suusection (~). 

(4) UsE Of FUNo.-Tho Fund shall be use<! oxclusivdy lor-

( A) satisfying, in who!< or in pHI, any liability of any (><rson eon· 
tributing to the Fund lor th< decommissioning of a nucl<ar pow.rplant 
(or unit thoreof), and 

(13) to pay administrative costs (including tax<s) and oth<r inci
dental <xpons.s of the Fund (including legal, accounting, actuarial, anl' 
trustee expenses) in connection with the operation of the Fund. 

(5) PROHtnlnONS AGAINST SELF•DF.ALINC.-Undcr r<gu!ations prescribed by the 
S<erct~ry, for purposes of section 4951 (and so much of this title as r<lat.s 
to such section), tho Fund shall b< treated in the same mann<r as a trust 
d.scril>cd in section 501(c)(21). 

(6) DtSQUAt.IFICATION Of FUND.-ln any case in which th< Fund violates 
any provision of this sub,•:ction or section 4951, the S<er<tary may disqualify 
such Fund from the appi' 'tion of this subsection. In any caS< to which this 
subpar>graph applies, tl· 'und sholl be treated as having distribut<d all of 
its funds on lhc date sucJ urmin:ltion takes effect. 

(7) TERMINATION Ul 

nuc1c:ar dccommissionin~ 
Fund relates, the taxpayr 

(f) N UC\..EAR PowE~rt. 

co.rrt.ETION.-Upon substantial completion of the 
th< nuclear powerplant with r<Sp<et to which a 
all terminate such Fund. 

- Th~ tcnn "'nuclear powerplant" includes any 
unit ther~oL 

.01 Addod by P. L. 9S-369. For · 
see the Cod< Volumes.. 

11 2926Z Code § 46811 

.25 Committ<< Reports on P. L. 98-369 
U< at n 2901.01, 

© 1984, Comm<re< Clearing House, Inc. 
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September 9, 1985 

Ms. Sheri K. Swibel 
Chemical Waste Management, Inc. 
3003 Butterfield Road 
Oak Brook, Illinois 60521 

Dear Ms. Swi bel: 

I briefly spoke with Jim O'Connor after our meeting last August 15. He 
suggested I contact you and that we begin discussions on the Minnesota Pollution 
Control Agency's (MPCA) proposed financial assurance rules. We are both 
particularly interested in your opinions on a financial assurance option known 
as either •self-assurance• or •self-insurance.• 

Mr. O'Connor and other representatives of Waste Management, Inc. have suggested 
that I write a self-assurance/insurance option into the rules.·· I have presented 
their suggestion as a proposed change to the draft that was mailed in January of 
this year. I hope by this means to receive as many opinions as possible from 
people with an interest in this area. 

You probably realized during our meeting last month that I am more than a bit 
skeptical about the kinds of self-a~surance/insurance arrangements that are 
usually proposed. I'll describe my concerns in some detail and ask for your 
opinions. 

1. Technical interpretation of statistical analyses. 

The self-assurance/insurance arrangements developed under the Resource 
Conservation and Recovery Act (RCRA) for hazardous waste facilities were chosen 
on the basis of statistical analyses. The U.S. Environmental Protection Agency 
{EPA) wanted to find a financial test or tests that would tell them the 
likelihood the tested firm would become bankrupt. A variety of tests were 
suggested. The EPA made its choice by comparing the suggested tests with 
histori~al data and •testing the tests• for the accuracy with which they 
predicted instances of business failure. The final choices were those tests 
which passed 96% of the viable firms and excluded all but 0.1% of bankrupt 
firms. 
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Two samples were used in this analysis. One sample consisted of all business 
firms in the United States operating from 1945 to the present. The other sample 
consisted of firms operating in industrial sectors M ••. that generate and 
dispose of large quantities of hazardous waste on-.site M Rates of failure 
in these two samples were used to check the predictive ability of the suggested 
financial tests. 

Again, the analyses performed were statistical tests bas~d on historical data. 
These analyses provide the main justification for inclusion of the 
self-asurance/insurance option. The question I raise is whether waste 
management firms, of any size, are properly represented by the firms studied in 
the analytical samples; particularly with respect to the major area of concern, 
risk. 

Waste management firms, especially those that operate landfills, are probably 
riskier operations than the average United States business firm. Generalizing 
results derived from the first sample to the waste management sector is thus 
likely to understate the risks involved. 

The micro-economic conditions of firms in the second sample vary quite 
significantly from similar conditions in the waste management sector, 
particularly with respect to regulatory and market structures. This means, 
again, that generalizations from the sample to the regulated sector have only 
questionable validity. 

The financial assurance rules recently adopted by the state of Illinois on an 
emergency basis present a method to ease the riskiness of suc~regulations. 
These rules limit use of the self-assurance/insurance option t~ those firms that 
earn at least half of their gross revenue from activities other than waste 
disposal. By implication, these rules hold that diversification lowers risk. 
However, I don't believe these rules go far enough in their understanding of 
diversification. As they are now defined, the Illinois rules allow the 
self-assurance/insurance option to firms that are integrated vertically within a 
single market. Given that market forces comprise a large part of total business 
risk, diversification achieved through vertical integration is unlikely to ease 
overall risk as much as the rule writers may have intended. 

2. The impact of rules on overall risk. 

The main purpose of the proposed rules is to secure from the risk (to the 
greatest feasible extent) financial resources sufficient to meet specified 
expenses. The risk at issue is bankruptcy. Inclusion of self-assurance/ 
insurance options may actually increase, rather than decrease these risks. 

Arrange~ents under the proposed option normally include a Mcorporate.guarantee" 
made by a parent corporation on behalf of its subsidiary. Consider the 
implications of widespread use of the proposed option. A qualifying parent 
corporation may guarantee the actions of subsidiaries spread across the country. 
At the margin, as the guarantees approach full "subscriptionM across the 
country, the overall risk increases at a greater than additive rate. This 
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results because the costs of mishaps are spread throughout the corporate 
network. Absolute values of net worth and fixed financial ratio tests will 
likely not reflect the impact on a parent corporation of underwriting this 
network o'f risk. 

3. Timeliness. 

The financial reports used to demonstrate compliance un~er the proposed option 
are always at least a year out of date. Under normal arrangements, a certified 
public accountant (CPA) reviews last period's financial statements. The CPA 
then writes an opinion for the agency that either certifies that the reviewed 
firm complies with the agency's rules or that the firm cannot meet the financial 
assurance tests. The time needed to compile and review financial statements 
.represents a period during which important financial reverses could occur, but 
not be detected. Reporting lags could well exceed a year in some cases. 

The other financial mechanisms allowed under the proposed rules have no such 
reporting lags. Financial data are current and require no special expertise for 
interpretation. 

4. Opportunity costs. 

Generally, suggestions to include a self-assurance/insurance option in the MPCA's 
financial assurance rules argue that keeping such an option out of the rules 
imposes an opportunity cost on the landfill operator. The argument presumes 
that self-assurance/insurance is the least-cost option. However, the argument 
misses a central point. That is, whether the cost savings jus-tify implicit risk 
increases. 

Whatever the financial arrangement, the business firm must collect revenues 
sufficient to cover the specified costs. This means that any cost advantages 
one mechanism enjoys over another can only consist of savings in admi~istrative 
costs. The question again becomes one of 'of deciding whether cost savings can 
justify increases in risk. 

Another argument sometimes presented by proposers of the self-assurance/ 
insurance option is that the waste management firm should not be denied use of 
financial assets. Depriving the firm of this use (as under trust fund 
arrangements, for example) is presented as an unnecessary constraint on business 
operations. This argument also misses a central point. The financial assurance 
rules are written not for the benefit of the waste management firm but for the 
benefit of its clients. There is no intent to cause harm to any business 
through implementation of these rules. But the central concern is protection of 
enviro~ental resources, not enhancing the economic viability of business firms. 

Moreover, the i_mpact of excluding the sel f-assurance/.insurance option on a 
business firm's. competitive position will probably De moot. As noted Defore, 
the only cost impacts will De felt through differential administrative costs. 
These costs will not be an appreciable fraction of total financial assurance 
costs. This means that the difference between using a trust fund and using 
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self-assurance/insurance will not be great if it is measured on a firm's income 
statement results. There should also be no impact on balance sheets since: a) 
trust funds should not appear on corporate balance sheets [e.g .• employee 
pension funds] and b) any assets gathered to comply under 
self-assurance/insurance options would have to be completely offset by specific 
liabilities [i.e •• no equity increase]. 

To sum up: I see a convincing technical argument against the proposed option 
and no real advantage. for the agency or the business firm. favoring the 
proposed option. I present these arguments as a starting point for discussion. 
Please consider them and let me know your reactions. I look forward to hearing 
from you soon. 

Sincerely. 
Original Signed By4#~-.-/'C"/ _ y //;;%// -<" ~ 

Rober4'~{;~ron 
Program Development Section 
Solid and Hazardous Waste Division 

RJM:km 



Minnesota Pollution Control Agency 

November 22, 1985 

Mr. Forrest D. Nowlin 
Larkin, Hoffman, Daly & Lindgren, Ltd. 
1500 Northwestern Financial Center 
7900 Xerxes Avenue South 
Bloomington, Minnesota 55431 

Dear Mr. Nowlin: 

Thanks for the considered responses you provided in your October 30 letter to 
Gordon Meyer, the head of our Program Development Section. Your suggestions 
provide us with an opportunity to discuss openly financial assurance issues that 
have so far received little consideration. 

Your first point is that trust agreements are an unreasonable and ineffective 
means to secure financial assurance for continoencv action costs. Your choice . . 
of words tells me that there is some threshold criterion which defines the 
difference between reason and unreason, between efficacy and inefficacy. I need 
to know where this threshold lies. 

l suspect the thres~old criteria are financial. However, the range of financial 
conditions under which landfills operate indicates that margins are totally 
insensitive to costs. l have hoped for evidence from firms such as your client 
that will help me set acceptable limits on the regulations. Perhaps you can 
request a statement from your clients on both the price sensitivity of their 
services and the minimum scale at which a landfill can earn acceptable profits. 

Your discussion implies that insurance mechanisms are sufficient to meet the 
need in this case. Indeed, you seem to suggest that only insurance can do the 
job. I'm sure you know of the current problems that insurers .face in many 
markets. We cannot rely on any solutions from that sector in the near term. 

However, your suggestion highlights a conventional misunderstanding about the 
way insurance operates. You correctly understand that insurers quantify, buy 
and sell risk. Risk is measurable and tradeable. But with landfills we 
confront an entirely different problem - uncertainty- which can't be measured. 
The pervasive uncertainty surrounding landfill problems is a large reason 
insurers won't write coverage for landfill firms. I suggest to you, and ask for 
your opinion in return, that~ trust funds can remedy the problem when uncer
tainty prevails over risk. 

Phone: 612/296-7324 
1935 West County Road 82, Roseville. M1nnesota 55113·2785 

Regional Offices • Duluth/Bra•nerd/Oetro•t Lakes/Marshall/Rochester 

Eauat O:Joortunilv Err:Diover 
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Your second suggestion is that I write a "self-assurance" option into the rules. 
1 understand the suggestion but I don't understand the reasons behind it. 
Again, I'll present my reasons for writing the draft as I did and ask you for 
your response to the arguments raised. 

1. Technical interpretation of statistical analyses. 

The self-assurance/insurance arrangements developed under the Resource 
Conservation and Recovery Act (RCRA) for hazardous waste facilities were chosen 
on the basis of statistical analyses. The U.S. Environmental Protection Agency 
(EPA) wanted to find a financial test or tests that would tell them the 
likelihood of failure by the firm being tested. A variety of tests were 
suggested. The EPA made its choice by comparing the suggested tests with 
historical data and "testing the tests" for the accuracy with which they 
predicted instances of business failure. The final choices were those tests 
which passed 95~ of the viable firms and excluded all but 0.1~ of bankrupt 
firms. 

Two samples were used in this analysis. One sample consisted of all business 
firms in the United States operating from 1945 to the present. The other sample 
consisted of firms operating in industrial sectors" ... that·generate and 
dispose of large quantities of hazardous waste on-site .... " Rates of 
failure in these two samples were used to check the predictive ability of the 
suggested financial tests. 

Again, the analyses performed were statistical tests based on historical data. 
These analyses provide the main justification for inclusion of the 
self-assurance/insurance option. The question I raise is whether waste 
management firms, of any size, are proper.ly represented by the firms studied in 
the analytical samples; particularly with respect to the major area of concern, 
risk. 

~aste management firms, especially those that operate landfills, are probably 
riskier operations than the average United States business firm. Generalizing 
results derived from the first sample to the waste management sector is thus 
likely to understate the risks involved. 

The micro-economic conditions of firms in the second sample vary quite 
significantly from similar conditions in the waste management sector, 
particularly with respect tc market structures. This means, again, that 
generalizations from the sample to the regulated sector have only questionable 
validity. 

The financial assurance rules recently adopted by the state of Illinois on an 
emergency basis present a method to ease the riskiness of such reoulations. 
These rules limit use of the self-assurance/insurance ootion to those firms that 
earn at least half of their oross revenue from activiti~s other than waste 
disposal. By implication, these rules accept the notion that diversification 
lowers risk. However, I don't believe these rules go far enough in their 
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understanding of diyersification. As they are now defined, the Illinois rules 
allow the self-assurance/insurance option to firms that are integrated 
vertically within a single market. Given that market forces comprise a large 
part of a total business risk, integrated diversification is unlikely to ease 
overall risk as much as the rule writers may have intended. 

2. The impact of rules on overall risk. 

The main purpose of the proposed rules is to secure from risk (to the greatest 
feasible extent) financial resources sufficient to meet specified expenses. The 
risk at issue is bankruptcy. Inclusion of self-assurance/insurance options may 
actually increase, rather than decrease these risks. 

Arrangements ~nder the proposed option normally include a ''corporate guarantee'' 
made by a parent corporation on behalf of its subsidiary. Consider the 
implications of widespread use of the proposed option. A qualifying parent 
corporation may guarantee the actions of subsidiaries spread across the country. 
At the margin, as the guarantees approach full ''subscription'' across the 
country, the overall risk increases at a greater than additive rate. This 
results because the costs of mishaps are spread throughout the corporate 
network. Absolute values of net worth and fixed financial ratio tests will 
likely not reflect the impact on a parent corporation of underwriting this 
network of risk. 

3. Timeliness. 

The financial reports used to demonstrate compli~nce under the proposed option 
are always at least a year out of date. Under normal arrangements, a certified 
public accountant (CPA) reviews last period's financial statements. The CPA 
then writes an opinion for the agency that either certifies that the reviewed· 
firm complies with the agency's rules or that the firm cannot meet the financial 
assurance tests. The time needed to compile and review financial 'statements 
represents a period during which important financial reverses could occur, but 
not be detected. Reporting lags could well exceed a year in some cases. 

The other financial mechanisms allowed under the proposed rules have no such 
reporting lags. Financial data are current and require no special expertise for 
interpretation. 

4. Opportunitv costs. 

Generally, suggestions to include a self-assurance/insurance option in the 
Minnesota Pollution Control Agency's financial assurance rules argue that 
keeping such an option out of the rules imposes an opportunity cost on the 
landfill operator. The argument presumes that self-assurance/insurance is the 
least-cost option. However, the argument misses a central point. That is, 
whether the cost savings justify implicit risk increases. 

Whatever the financial arrangements, the business firm must collect revenues 
sufficient to cover the specified costs. This means that any cost advantages 
one mechanism enjoys over anrither can only consist of savings in administrative 
costs. The,question again becomes one of deciding whether cost savings can 
justify increases in risk. 
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Another argument sometimes presented by proposers of the self-assurance/ 
insurance option is that the waste management firm should no~ be denied use-of 
financial assets. Depriving the firm of this use (as under trust fund 
arrangements, for example) is presented as an unnecessary constraint on business 
operations. This argument also misses a central point. The financial assurance 
rules are wri.tten not for the benefit of the waste management firm but for the 
benefit of its clients. There is no intent to cause harm to any business 
through implementation of these rules~ But the central concern is protection of 
environmental resources, not enhancing the economic viability of business firms. 

Moreover, the impact of excluding the self-assurance/insurance option on a 
business firm's competitive position will probably be moot. As noted before, 
the only cost impacts will be felt through differential administrative costs. 
These costs will not be"an appreciable fraction of total financial assurance 
costs. This means that the difference between using a trust fund and using 
self-assurance/insurance will not be great if it is measured by income statement 
results. There should also be no impact on the balance sheets since: a) trust 
funds should not appear on corporate balance sheets [e.g., employee pension 
fundsj and b) any assets gathered to comply under self-assurance/insurance 
options would have to be completely offset by specific liabilities ii.e., no 
equity increasej. 

To sum up: I see a convincing technical argument against the proposed option 
and no real advantage, for the agency or the business firm, favoring the 
proposed option. 

Finally, I suggested the change in determination of trust fund pay-in periods 
and amounts as an accommodation to Jandfill operators. People who know tax 
matters have told me that unless the pay-in period is equal to the site's 
operating life, some part of the trust fund payments will be taxable. But this 
operating life has to relate to a period of actual operations, not a potential 
that may not be realized. This is why I suggested we tie the trust fund 
schedule to the certificate of need. Beyond the tax savings realized, this 
method will allow planning time for both landfill operators and local 
governments. When the time comes for renewal of the certificate of need, then 
trust arrangements can be adjusted to account for the extended.future of the 
site. 

Please consider this letter as a starting point for further discussions. We 
welcome written replies or personal meetings. I look forward to hearing from 
you soon. 

Sincerely, 

~~-
~Obert J. -McCarron 

Program Development Section 
Solid and Hazardous Waste Division 

RJM:km 

Enclosures 



Minnesota Pollution Control Agency 

August 25, 1986 

Mr. Ron Moening 
9813 Flying Cloud Drive 
Eden Pr,airie, Minnesota 55344 

X'~ . 
Dear ~g: 

1 have enclosed copies of the letters we talked about before our August 21 
meeting at the Minnesota Pollution Control Agency (MPCA) offices. I will spend 
some time here refreshing your memory. The questions raised in thes~ letters 
must be raised again in a support document I am preparing for the landfill 
financial assurance rules. The document is called Statement of Need and 
Reasonableness (SONAR). State law requires that a SONAR accompany all proposed 
administrative rules. 

I wrote the enclosed letters in hopes that I could find a way to justify putting 
in the rules the ''self-insurance option'' which both BFI and Waste Management, 
Inc., have argued for. However, I have not yet gotten any response to the 
letters. It may well be that I have been writing to the wrong people. I would 
appreciate it if you could forward these letters to someone in your organization 
who can give me a response. 

If I do not get any answers, I will have no reason to include a self-insurance 
provision in the rules. Tne enclosed letters and this one will likely appear as 
support documents for the SONAR. The justification for the exclusion will 
likely rest on a sort of negative proof- that your firm operates sites 
(profitably, it is assumed) in states which have financial assurance rules that 
do not allow self-insurance. 

1 am facing an October 31 deadline for the SONAR. Please let me know if you 
locate someone who can respond for your organization. Thanks for your help in 
this matter. 

Sincerely, 

~/~~· 
~:;:; J. McCarron 
Program Development Section 
Solid and Hazardous Waste Division 

RJM/ cds 

Enclosure Phone: _____ _ 

1935 West County Road 82. Roseville. Minnesota 55113·2785 
Regtonal Offtces • Duluth/Bratnerd/Detroit Lakes/Marshall/Rochester 

Eaua! Oooortunny Emo!oye~ 

. ! 

. 1 



August 25, 1986 

Mr. Jim Morgan 
6515 Grand Teton 

Minnesota Pollution Control Agency 

Madison, Wisconsin 53719 

-----_1 /_, __ _ 

Dear M~an: 

I have enclosed copies of the letters we talked about before our Auoust 21 
meeting at the Minnesota Pollution Control Agency (MPCA) offices. f will spend 
some time here refreshing your memory. The questions raised in these letters 
must be raised again in a support document I am preparing for the landfill 
financial assurance rules. The document is called Statement of Need and 
Reasonableness (SONAR). State law requires that a SONAR accompany all proposed 
administrative rules. 

I wrote the enclosed letters in hopes that I could find a way to justify putting 
in the ruies the "self-insurance option" which both BFI and Waste Management, 
Inc., have argued for. However, I have not yet gotten any response to the 
letters. It may well be t~at I have been writing to the wrong people. I would 
appreciate it if you could forward these letters to someone in your organization 
who can give me a response. 

If I do not aet any answers, I will have no reason to include a self-insurance 
provision in-the rules. The enclosed letters and this one will likely appear as 
support documents for the SONAR. The justification for tne exclusion will 
1 i kely rest o·n a sort of negative proof - that your firm operates sites 
(profitably, it is assumed) in states which have financial assurance rules that 
do not allow self-insurance. 

I am facing an October 31 deadline for the SONAR. Please let me know if you 
locate someone who can respond for your organization. Thanks for your help in 
this matter. 

Sincerely, 

Robert J. McCarron 
Program Development Section 
Solid and Hazardous Waste Division 

RJM/cds 

Enclosure 
Pnone·------'--

1935 West County Road 62, Roseville, Minnesota 55113-2785 
Regional Off1ces • Duluth/Bramerd/Detroil Lakes/Marshall/Rochester 

~cual Oooortun1ty Em::>lover 



November 3, 1986 

Mr. Robert J. McCarron 
Program Development Section 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
520 Lafayette Road 
St. Paul, MN 55155 

Dear Bob: 

Madison West 

Enclosed herewith is the financial assurance information that 
you and I have been talking about for well over .a year. It 
is timely because the new rules are a current topic of 
debate. The paper that Debera Falcone and Sherry Swibel have 
put .together inde~d strikes at the very heart of the problem 
you and I }ia:ve been discussing• ' A need. exists for a finan
cial assurance program that does not Uriduly tie the hands of 
the very people "'ho . must ultimately work to handle waste in 
th~ State of Minnesota· a·s ·well as the rest of the· United 
States. It's my old argument--this generation can't pay for 
all the past sins. 

I would add two comments to the argument which I believe make 
the paper more relevant to the State of Minnesota. 

1. The State of Minnesota is one of the few 
states that does not have state of the art 
sites in place and operational. Most states, 
such as Wisconsin, have had lined leachate 
collection sites for a number of years. With 
that in mind, it becomes apparent that the 
ratio of failure will decrease at an in
creasing rate as state _of the ·art sites come 
on line. Contrast this to Minnesota where one 
state of the art site exists today. .-Hope
fully, many more will exist in the not too 
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distant future. But, I can see where that 
would skew some of your thinking as to the 
ability of a company to comply with the 
financial assurance rules. But in the case 
here of Waste Management of Minnesota, you can 
see that you are dealing with a multi-state 
company whose reserves and financial strength 
must be taken into account. 

2. One of the arguments which has been bandied 
back and forth is the timeliness of the 
corporate information, i.e. is it old or new 
at the time you receive it. This one I found 
rather interesting because we both know that 
the timeliness of the· information which you, 
the State of Minnesota, receives on solid 
waste sites fs always subject to the same 
criticism. If nothing more, a year and three 
months for corporate reporting is somewhat in 
advance of the information you would have 
collected at the agency. The least you can 
say under the scenario argued by Debera is 
that the two come closer to correspouding on 
an apples-to-apples basis than the argument 
which you made that the information is 
outdated. 

I know we're going to be talking about this at great length 
in the months to come. I appreciate your comments and hope 
you will take this information into account.- As I plow 
through the remainder of the proposed rules prior to 
November 12, I think this particular paper is very helpful. 

I add my name to the list of people who remain 
in the event you require further information. 
this by Federal Express so as to not delay your 

Sincerely, 

James W. Morgan 

JWM: jms 
Enclosure 

cc: s. swibel 
D. Falcone 

ready to help 
I am sending 

review time. 



~ Waste Management, Inc. · 
\(!;!73003 Butterheld Road • Oak Brook. Illinois 60521 

october 31, 1986 

Mr. Robert J. McCarron 
Program Development Section · 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, MN 55113-2785 

Dear Mr. McCarron: 

In your letter of September 9, 1985,- you raised several 
concerns regarding self-insurance options for financial 
assurance. I would like to address these concerns. 

1. Technical inte;pretation of statistical analyses. The 
concern you ra~sed on th~s top~c ~s that the statistical 
samples used by the USEPA to test the self-insurance 
option may not have properly reflected waste management 
firms. You also contend that waste management firms are 
probably riskier than the average u.s. business firm. 

Waste management firms were included 1n the statistical 
samples to the extent possible. Only firms of a certain 
size are eligible to use self-insurance, which severeiy 
limits the number of waste management firms which would 
be eligible for self-insurance or which could therefore 
be included in the samples. There are few waste manage
ment firms meeting the financial test requirements now, 
and at the time the samples were selected there. were 
fewer still - two to. be precise. Since the number of 
waste management firms which are eligible for self
insurance is so ·limited, it would probably not be 
feasible or possible to have a statistically valid 
sample of exclusively waste management firms. 

The fact that a limited number of waste management firms 
were included in the samples does not necessarily negate 
the validity of the results of the samples when applied 
to waste management firms. Waste management firms are 
not inherently riskier than all other businesses. There 
are other industries that have similar regulatory 
constraints or risks, such as the pharmaceutical 
industry. There are industries in which firms have very 
little diversification and are highly dependent on one 

--=u~:0;.1.j ~:JO · ; .. 1::.,. c::;;:c:-q. i';.' ~ ·:n.1 ..;:;J.~i;~=J 
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product or raw material, such as the oil industry. Any 
industry is subject to risks that might be peculiar to 
only certain industries. For example, all firms which 
manufacture or market consumer goods run the risk of 
product liability suits. A product liability suit on a 
single product can result in the bankruptcy of a firm, 
as demonstrated recently with the Dalkon Shield manufac
tured by A. H. Robbins. I would therefore question your 
contentions that waste management firms are inherently 
riskier than other firms and that the USEPA study has 
"only questionable validity" for the waste management 
industry. 

You discussed the possibility of limiting the use of 
self-insurance to firms which are diversified, as a 
means of reducing risk. There are other industries 
where lack of diversification is prevalent and also many 
firms within various industries which are not diver
sified. There is no rationale for essentially singling 
out the waste management industry for this reason. 
These various firms and industries would have been 
included in the USEPA samples used to test the validity 
of the self-insurance option. And, although there may 
be certain risks associated with non-diversified firms, 
there are also risks related to diversified £irms. For 
example, the management of a diversified ·firm would 
likely not have the same level of technical and industry 
expertise and competence as the management of a non
diversified firm. A diversified firm might also not 
have the same commitment to one small segment of its 
business in comparison to a non-diversified firm's 
commitment to the future and improvement of their 
particular industry. Therefore the conclusion -that 
non-diversified firms should not be eligible for the 
self-insurance option would be unjustified. · 

2. The impact of rules on overall risk. You contend that 
the use of the corporate guarantee allows· a parent 
corporation to use self-insurance for a number of sites, 
which increases the risk that the financial resources 
are not sufficient to meet the specified expenses. 

The self-insurance option is structured,so that as the 
.number of facilities covered {i.e. the amount of 
expenses for which financial resources must be provided) 
increases, the minimum amount of net worth which the 
corporation must have in order to qualify to use self
insurarice incre~ses coirespondingly. It does not 
involve an "absolute value of net worth" as a ceiling, 
but rather only as a floor. 

~·--· 
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As the number of facilities increases, the likelihood 
that a contingent event will occur at at least one 
facility increases. However, the likelihood that events 
will occur at both of two facilities is significantly 
less than - the likelihood that an event will occur at 
only. one facility. Similarly, the likelihood of events 
occurring at three of three facilities is much lower 
than the likelihood of events occurring at two of two 
facilities, and so on. As the number of facilities 
increases, the amount of net worth increases to be able 
to cover that number of sites. Yet at the same time, 
the- likelihood that· events will occur at all sites 
decreases. Therefore, as the number of sites covered by 
self-insurance increases, the risk that adequate 
financial resources are available decreases rather than 
increases. 

3. Timeliness. You state that the financial reports used 
to demonstrate compliance under self-insurance are 
11 always at least a year out of date 11 and that 11 Reporting 
lags could well exceed a year. 11 

Most regulations which allo~ use of self-insurance 
require that the financial assurance documents must be 
revised within 90 days of the end of the latest fiscal 
year. This means that the financial data is at most one 
year and three months old. And for the majority of the 
year between updates, the data are less than one year 
old. 

A vast number of financial decisions are based on fiscal 
year end financial data. The _reporting lag does not 
prevent banks and lending ·institutions from making 
decisions on loans, investors from making buy and sell 
decisions, or vendors from making credit decisions. In 
addition, if your concern ·is the possibility of finan
cial reverses during the year, quarterly financial 
data is available. For publicly held companies, quar
terly financial data is a matter of public record, filed 
with the Secur-ities and Exchange Commission. Regardless 
of this, quarterly financial data can be requested or 
required by regulatory bodies allowing the self
insurance option. 

4. O~portunit~ costs. With regard to opportunity costs 
(~.e. depr~ving a firm of the use of funds in the case 
of a trust fund), you suggest that this is irrelevant as 
the purpose of financial assurance regulations is to 
protect the environment rather than waste management 
firms. 
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We do not dispute the purpose of financial assurance 
regulations nor are we trying to dilute or circumvent 
that purpose. Our point is, however, that self
insurance is a valid way of providing financial assur
ance for the protection of the environment. Therefore, 
by denying the use of the self-insurance option you are 
unnecessarily and unfairly depriving us of the use of 
our capital. 

In addition, allowing us the use of these funds is also 
to the advantage of both our customers and the environ
ment. These funds enable us to devote additional 
resources to research and development, towards finding 
innovative and safer methods of disposing of wastes. In 
addition, to. the extent that these funds improve our 
financial strength, we are able to borrow and obtain 
capital at lower costs and thus serve our customers at 
lower rates. Allowing us to use the funds would allow 
the funds to be put to productive ·use until needed, 
rather than sitting idle in a trust fund. 

In contrast to your conclusions, we believe that self
insurance is a technically valid mechanism for providing 
financial assurance. We also believe that self-insurance 
provides significant advantages to not only waste management 
firms, but also to our customers and to the environment. We 
would be glad to further discuss any of these issues or 
address any additional concerns you may have regarding 
self-insurance. Please feel free to contact Sheri Swibel or 
me at your convenience at (312) 572-8800. 

Sincerely 

Debera A. Falcone 

DAF/cd 

cc: J. Morgan 
S. Swibel 



Minnesota Pollution Control Agency 

Jt...""le 15, 1987 

Dear Inter~sted Person: 

Re: Proposed Self-Insurance Provisions in Draft Landfill Financial Assurance, 
Rules. 

Many who have reviewed the Minnesota Pollution Centro 1 Agency's ( MPCA) proposed 
amendments to the solid waste rules have suggested that the financial assurance 
portions should contain self-insurance provisions. Such provisions were not 
written into the initial drafts because existing self-insurance models have no 
technical validity in their application to firms in the solid waste management 
sector. 

The MPCA staff has developed a self-insurance rule that I believe will satisfy 
both landfill permittees and the MPCA. i have enclosed a conceptual description 
of the proposed self-insurance rules. Please review it and let me know at your 
earliest convenience whether or not you agree with the concept. If you 
disagree, it will be most helpful if you present your objections in detail. 
am aiso interested in any suggestions you have for improving the proposals. 

We intend to include this concept in the rules we propose to the MPCA Board 
later this summer. We are now drafting the rule language and compiling evidence 
in support of this rule. Please let me know if you want to see the draft 
self-insurance rule when it is ready. 

We are moving ahead with the rest of the proposed ruie amendments, so I wiil 
appreciate your response by July 1, 1987. Please give your comments to 
Bob McCarron (612/296-7324) or Art Dunn (612/296-7294). 

Sincerely, 

D / \ ~ . 
(_..;::~ /Z~c-....4-._ ·-z::.-n~-· 

Rithard A. Svanda 
Director 
Solid and Hazardous ~aste Division 

Rf..S/RJ ~.: bmj 

Enc1 osure 

Phone: _____ _ 

520 Lafayette Road. St. Paul. Minnesota 55155 
Regional Offices • Duluth/Brarnerd/DeHoit L.aKesiMarsnaii/Rochester 

'i. 
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PROPOSED SELF INSURANCE RULE FOR MIXED MUNICIPAL LANDFILLS 

Some landfill permittees have suggested that the financial responsibility 
sections of the proposed solid waste rules should allow permittees with 
demonstrated financial strength to self-insure. The hazardous waste facility 
rules contain provisions of this sort. Self-insurance allows permittees with 
1 arge reserves or with powerful corporate parents to write the Minnesota 
Pollution Control Agency (MPCA) an I.O.U. They promise to pay for all long-term 
care costs at their sites. The MPCA accepts this promise as sufficient proof 
that the sites will be cared for. Permittees who do not qualify for this option 
have to use mediated financial instruments (trust funds, letters of credit, and 
surety bonds). 

The MPCA staff has resisted requests to include self-insurance in the proposed 
solid waste rules for a number of reasons. These include: 1) the s:atistical 
analyses used to validate the usual financial tests have no meaning in the 
solid waste sector, 2) networking provisions usually allowed in self-insurance 
arrangements could increase, rather than minimize risks, 3) the solid waste 
sector differs fundamentally from the economic sectors which use the 
self-insurance provisions of the hazardous waste facility rules, and 4) mediated 
instruments will make timely action easier, if a permittee should refuse to take 
action or become bankrupt. 

Those who want self-insurance maintain that their concerns focus on cost and 
control. They want to minimize the cost of compliance and maximize their 
control of funds reserved for long-term care. The MPCA's primary concern is 
risk - the risk that a landfill permittee will mismanage financial reserves and 
be unable to pay for long-term care. This is why the initial drafts of the 
proposed rules require that independent financial intermediaries provide 
guarantees for the permittees' long-term care liabilities. 

The MPCA staff has developed a plan that can accomplish both permittees' and the 
State's goals. The proposal is _to adapt customary self-insurance provisions for 
use with marketable bonds. This proposal is a two~stage process. First, allow 
self-insurance as determined by a series of customary tests. After the 
permittee has passed the specified financial tests, the permittee sends 
marketable bonds to the State as collateral for the closure, postclosure care, 
and corrective action obligations undertaken. 

Consider this example. 

Step 1. Financial test - the permittee must demonstrate that: 

a. more than 50 percent of gross revenues are derived from sources other 
than waste disposal; 

b. the permittee has a tangible net worth greater than $10 million; 
c. tangible net worth is at least six times greater than estimated costs; 
d. net working capital is at least six times greater than estimated costs; 
e. 90 percent of the firm's assets are located in the United States; 
f. total assets are at least six times qreater than estimated costs; 
g. at least two of the following three conditions hold: total 

liabilities are not more than double net worth; cash fiow is at least 
one-tenth of total liabilities; current assets are at least one and a 
half times greater than current liabilities; and 

h. annual CPA reoorts find that all financial data are accurate and fairly 
representative of the firm's financial position. 

---
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Step 2. Provision of collateral. 

The permittee sends the State unsubordinated debentures (bonds) whose market 
value is equal to estimated costs. The evaluation of market value becomes a 
part of the CPA's annual report. The term of the bonds is tied to the 
permittee's long-term plans. That is, the bonds used as collateral for 
closure costs expire two years after scheduled closure. The bonds used as 
collateral for postclosure care and corrective action expire twenty-two 
years after scheduled closure. 

The bonds must be marketable. Permittees will also have to establish standby 
trust funds which will receive the proceeds if any bonds must be sold. 

Step 3_. State maintenance. 

The State holds the bonds as collateral to be used only if the permittee 
should fail to meet its permit obligations. Annual reviews should lead to 
adjustments in cost estimates and the amount of the bonds. Permittees may 
also choose to rely on other financial media to cover cost changes. 

Step 4. Release from financial assurance responsibilities. 

Permittees must be released from requirements to maintain financial 
assurance once their responsibilites have been met. The State must return 
the bonds to the permittees when they are released from their financial 
assurance responsibilities. 

This proposal accommodates the objections of the reviewers ~~o suggest the need 
for self-insurance. The arranaement need not make areat demands on current cash; 
just the cost for CPA reports,-bond i~sues, and a nominal charge for setting up 
a standby trust. The firm will still have to close and maintain the site and 
pay for any corrective action costs. 

The M°CA receives marketable bonds which can be sold for cash if the need arises. 
1ne market value of bonds can change, so some risk remains. Annual reviews and 
adjustments should minimize this risk. 

Discussion about self-insurance usually makes distinction between private 
sector anc public sector permittees. The usual .financial tests were obviously 
designed for private sector firms. They cannot be. applied in the public sect.or 
because public sector financial accounting does not recognize the test values, 
e.g., net worth, working capital, etc. However, there are other effective 
measures of public sector performance and expectations. 

Sond ratings can serve as an overall measure of financial strength (net worth). 
The hazardous waste facility rules allow Standard and Poor's ratings of BBB or 
higher and Moody's ratings of Baa or higher. This alternative measure was 
designed to accorm1odate public utilities. It can also serve for local 
governments. Current financial position data could substitute for liquidity 
measures. For example, past, current, and predicted future budget data provide 
the same sort of information available in private sector balance sheets. The 
needed test value {used to determine whether or not the permittee is allowed to 

~. : 
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-self-insure) must relate to short-term liquidity. The proposed test values 
require a demonstration of: the municipality's surplus of levy limits over 
actual levies, the municipality'slsurplus of debt limits over actual debt, and 
projections that these values wilJ not become negative in the short term. · 
Appropriate local officials will be required to certify the accuracy of the 
demonstrations. Once again, annual updates can be used to make sure that cost 
estimates and market valuations are kept current and adequate. 



Waste Mana~ement. Inc. 
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october 26, 1987 

Mr. Robert J. McCarron 
Proqram Development Section 
solid and Hazardous Waste Division 
~inne~o~a Pollu~ion Control Agency 
1535 Wes~ Coun~v Road E2 
Roseville, MN 5Sll3-2785 

Dec.~ Mr. McCarron: 

I have reviewed ~he proposed Self-Insurance Provisions and 
would like ~o poin~ ou~ that the provisions do no~ describe 
wha~ would nor!nally be ~hough": of as self insurance by ~he 

very oefini~ion. Self insurance by defini~ion means ~o rely 
on yourself ra~her ~han paying insurance. The S~a~e's 
proposal would rely on marketable securi~y or a ~nlrd party 
ins~rumen~, no~ on the financial resources of the permi~~ee. 

qefini~ions aside, ano"::her objec"::ion ~o "self insurance" in 
~he proposed for-m wou.!.a be ~he cos~. To issue marke~able 

securi~ies wot:ld be more costly and more adminis~ra~ively 
burdensome than the o"::her al~ernatives (let~ers of credi~, 

bonds). 

::::ven ; ""' ":he cos~ of providi:'"lg co2.la~eral under ~he "self
i:-!surance" p::-ovision we::-e :-easonc.b:2.e (i-:. is no-:.), -:.he 
: i:·1c.ncic.l -ces~ p::-oposed ~'ot:l d exc: l ude co::-.:ne:--c i c.l ope:-c. -:.o::-s 
throuqh -:.he 50% g::-oss ::-evenue -:.es-:.. ::-:. would seem lo:;icc.l 
~ha~ a comPanv whose prlmary revenue was from landfill 
cpera~ions would have more expertise in the field and would 
be less ris}:y ~han someone 'lo.'hose prirr.ary revenue ..,·as derived 
else\..•here. 

Ano~her of ~he provisions ~ha":: should be changed lS ~he net 
"''o:::-}:ing capital p:::-ovision which wot:ld have to be six ~imes 

\..'hen one ~he c:Js:. es-:.i!7'~c.-:.e. Tt'.:.is is especially s~ringer.~ 
-:.hinks o: -:.he p=obabili-:.ies ~ha-:. all cos:. included ~n 
closu:-e, 
incu::.-:r-ed 

pos~-::los~re, 
a": one ~ime. 

or 
The 

asse~s of a company 

co:::-:::-ective action could be 
~es"t :::-eal2. v or.ly loo}:s a~ "t.he 
when the bul}~ of a compar:y' s 

assets rr.ay be long terrr. o:::- fixed. Why not adopt a pro,:ision 
si~ile:::- to the Fede~al Regulation ~elying on a ~es~ based on 
an al"::e:::-native o~ net wo:::-th or wo~}:ing capital which 
:-e:lec~s :.he lons-""C.e:-nl via:::.:.:~y c: -:.he conpany? 



Mr. Robert J. McCarron 
October 26, 1987 
Page Two 

Privately owned facilities are not allowed to use their bond 
rating in lieu of specific ratios under the provision. This 
is inconsistent with Federal regulations and is even 
inconsistent •:ith your proposed "self-insurance" provision. 
In your provision you will only accept marketable securities 
-..:i th their value and marketabili -cy being deterrr.ined by the 
financial communi -cy. ·If you feel that the financial 
cor.ununi ty can be trus'"Ced in the above si tua-cion, •rhy not 
allow the bond rating for privately owned facilities to be 
used in lieu of specific ra-cios? The bond ratings are 
updated regularly by -che ra-cing agencies and are probably 
the most current indica-cor of a company's financial 
position. 

This so called '!9elf-insurance" provision severely limits 
the option~ a coll)pany .has. Self insurance should allow a 
financially sec~r~ company to rel¥ on their financial 
s-crength -co fund their res'ponsibili ties. This proposal 
wo1.:.ld needl~ssly · ::;ost a company, and ultimately this cos-c 
"''ill be passeq PI') -co the users and -co the environmen-c. 

Sincerely, 

'IJ1-.jsk 

cc: Y.. Roonev 
s. s .. ·ibel 



November 10, 1987 

Mr. Thomas J. Alexander 
Waste Manaoement, ln:. 
3003 Butte~field Road 
Oak Brook, Illinois 50521 

Dear Mr. Alexander: 

Thank you for your O:toher 26 response to our June 15 mailing on a new proposal 
for the financial assurance rules that will affect Minnesota's municipal · 
landfills. I appreciate the time you and others in your firmhave devoted to 
this subject. 

I intend to amend the proposed rules based on one of your suggestions. You 
believe that the self-insurance rule should allow a permittee to exercise this 
ootion by either directly demonstrating financial strength as specified in the 
rule or, in the alternative, providing evidence of investment grade bond 
ratings. The June 15 prooosal did not mention this option. That was an 
oversight that will he corrected in the final proposed rule. 

i cannot respond to your other objections to the June E proposal. Those 
objections relate to costs and to interpretations of federal and state 
reaulations. I contacted members of our local financial communitv and asked 
them about the costs of the oroposal. Their data· and information- clearly show 
that the June l5 proposal will prove less costly than available alternatives. ! 
will need verifiable data that suppo:t your contrary assertion before 1 can act 
on it. 

Other objections involve interpretations of federal and lo:al laws. I have 
reviewed aoain the federal and state rules that I believe are relevant. 1 can 
find no :egulations that support your objections. However, I may well have 
missed the regulations on which you base your objections. If yot: can give me 
the appropriate references, 1 w-111 be glad to review those regulations also. 

520 Lafayette Roac. St. Paul, Minnesota 55"155 
Regional Otf1ces • Duluthi8ramerd/Detroi1 LaKes/Ma~snaii/Rochester 

E.oual 0:-Joonunity E.moloyer 
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Please let me know if you have more specific information that supports your 
oh.iections. Such information could prov~de the basis for amending the proposed 
rules. 

Sincerely, 
// /_.'/>//7/r'/ 

;! _A~!'/;,.;;'j/ ,/P-~ 
I ./ .. 

~obert J. McCarron 
· Prooram Development Section 

Ground Water and Solid Waste Division 

RJM:_icj 

cc: Mr. Jim Morgan, DeWitt, Sundby, Huggett, Schumacher and Morgan 
Ms. Terry Hoffman, St. Paui 
Mr. Dwight 1-.'agenius, Special Assistant Attorney General 
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December 2, 1987 

~=· Robe:::-~ J. McCa::::-ron 
P::::-ogram Developmen~ Sec~ion 
Solid and Hazardous Was~e Division 
~inneso~a Pollu~ion Con~::::-ol Agency· 
~935 wes~ coun~y Road B2 
Roseville, MN 55113-2785 

D:C 1 7. 87 

MPCA. Ground Water 
& Solid Waste Div. 

Than}~ you for you:::- le~~e::::- of Noverr.be::::- 10, 1987. In my 
p::::-evious le~t.e::::- I was a~t:emp~ing "t.o point. ou~ ~ha~ ~he 
~inneso-r.a v::::-oposed financial -r.est. is mo::::-e s~::::-ingen~ ~han ~he . ' :fede::::-al t.est. which is ou-::1ined in Sec-::ion 264.143. The 
Fede::::-al Regulat.ion does not. requi::::-e mo::::-e ~han 50% cf g::::-oss 
:::-evenue cf a pe::-!r.i ~t.ee be O.e::::-i ved f::::-om sou:::-ces o~he::::- ~han 
was1:.e disposal. The ::::-ule also allov:s a pe:::u1i ~~ee ~o use 
eit.he:::- financial ~es~ out.lined in Sec~ion 264.143 (which is 
a~~ached) -::o p::::-ove ~hat. i~ is financially ::::-esponsible. 

Again, I app::::-ecia~e you:::- ::::-esponse ~o my p~evious let.t.e:::- and 
hope you \-;:.ll coJ:side~ using -:.he =inc..ncic.l -:.es-:.s ot:::.::.:.ned 2.:1 
~he ?ede::::-al Regulat.ions. 

Since:-ely, 

'IJAjs}: 

.•· --. ~~~, ... 

.. , 
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sl!m!Jc:antly p-eater than the !ace 
amount of the policy, he may "'ith· 
hold reimbursements o! such amounts 
~ he deems prudent until he deter· 
mlnes. ln accordance "''1th t 264.143!1l. 
that the owner or operator is no 
longer reQ.ulred to matntain fina.ncta.l 
assurance lor !lnal closure o! the lacll
Jty. It the Re{!"ional Acirnmistrator 
does not mstruct the tnsurer to make 
such reimbursements. he "'ill pro-Mde 
the o ... 'Der or operator "'ith a detalled 
written statement of reasons. 

(6) ..,..hr pu=ne.. a~ pp~>rator must 
w .......... s·- .. h,_ ool1cy 1n !ulnorct r....;d 
eUect untl1 the n.q,Jon~::~.. r..G... ........ ..,,<::..:&
w:-- consL-.. ....:: w tennmauon o~ thr 
pol>~,. by the o-:iit. o: operaw; a.s 
specl!iec 1n pan;p-aph ceHJOl o! th15 
section. F':l.llure to pay the prem>urr .. 
~'ithout subst1:.utlon of alternatR f;. 
nancia2 assurance a.s speci!Jed tn thts 
section. t<.'ill constJt.ute a sJPlJfjca..r:~t 
\'lolation o! these re{!"Ulations, war· 
rantL."lt' such remedy a.s the Re{!"ional 
Acim..ini.strnt.o: dee::ru: necessary. Such 
,,olation <Ml.l be deemed to berm upon 
rece1pt by the Re[:lonal Ad:run.strator 
o! r. not1ce of future cancellation. ter· 
mmation. or failure tc- renev; due to 
nonpayment of the pre!Il.lun:.. rather 
than upon the date o! expL-at10r.. 

C7J Ea.c.h policy must contain c. pro\1-
sion allo""ll1b assti"UDent o: the policy 
to a successor owner or operator. Such 
assipl.!!JeDt m.ay be condltion2.J upon 
consent of the L"lSure~. prondec such 
consen: is no: unreasonably ref usee. 

<Sl The policy !:lus: pro;ide that the 
L~c.rer may no: CG....""lce~. te~::1.i..:u: .. te. o:
fs.il to renew the pollcy excep: 1o: 1s.D· 
ure w pay the pre:::::ul:I:O. The a.utooat
ic rene~·aJ. o! the ;:>ollcy n::us:, s.: a 
IO.l.Illmur::.. pro;ide the L"l.Su.red. "C.i:h 
the optton of renewa.J a.: :he fa.ce 
amount oi the expi..""L"1g policy. I.! there 
1.! E. la!1ure to pay the pre:::::u=. the t.n· 
•urer :nay elec: to ca.TJcel, tel'nll!U;.te, 
or !ail w renev; the policy by sendmg 
notice by ceniftec ma!1 to the o=e: 
or operate: E~-'1C the Re£1ons.J A~· 
t...,_LO!. Ca_·~H'ellatlOn, te:-::::ll.~At}o::, 0: 
failure to rene"· may no: occu:. howev
er, durmg tne 120 ciays betr'.nnlnr ...-J:h 
the date o: receipt o: the nottce by 
both the Re[:lonal Ad..T.Jnl5::-<.tor and 
the owner or operr.tor. a.s e•idencec by 
the retu.."'ll recelp~. CancellatiO:r., ter· 
m.l."l&tlOn. or !allure to rene..- rns.y not 
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occur and the policy v;·ilJ remain in lull 
lorce and e!lect m the event that on 
or belore the date o! expiration: 

<1> Tne Re~tional Administrator 
deems the l acUity abandonee: or 

<11 l The penn.Jt IS tenninated or re· 
voked or a ne"· pennlt is demec: or 

<!11> Closure 15 ordered by the Re· 
g-~onal Aaministra.tor or a U.S. dl5trict 
court or other court ol competent ju· 
risd.ictlon: or · 

(!\•) The o..,.ner or operator is naroed 
as debtor in a voluntary or Involuntary 
proceedm~: under T1tle 11 (Bankrupt
cy), U.S. Code: or 

<vJ The premmm due is paid. 
!9) Whenever the current closure 

cost estimate mcrea.ses w an a.moun: 
p-eaLe:- tharJ the 1s.cc amount c~ the 
pohcy. the O"C.11er o:- Clperator. v:1thm 
60 da~·s a1tcr the tncrea.se. mus: eJthe 
cause the lace amoun: to Oe in:reased 
to an amoun: a: lea.st eoual to the cu.r· 
rent closure cost estimate and.submlt 
e,·idence of such mcrea.se to the Re· 
[:lonal AcirnliliStrator. o~ obtam othe~ 
fmancial asstL''ance a.s specl!Jec m th15 
sectton to cover the mcrease. When· 
eve~ the cu."J"en: closure cos: estunate 
decreases. the lace r.mount m.ay be ·re· 
ducec to the r.mou."l: o! the current 
closure cos: eswnate loDo..-mr wn:;ten 
approval by the Re{!"ionh.l Aci!:nl."llStTE.· 
tor. 

ClQ) The ReM~""~..,e, AC,....;-.,su:a'a~ ¢11 
8"';" ~r:t.e::. co:-.. sen: tc- t.hf Q);....,t> ... or 
o;:>e:-s.to~ ~!1&:. nt I:l&Y Le:-m..ms.u the 
~~.;: .. c-r:"~ .-..'"'""'·,· n !p 

('' ~~ ry:.--t>- Q ... ,.....,t> ... ?~" ... snhc:::i:ut.es 
1- -~·p~e.t.f "':1E..""'""I5h a,s..c:;u:--a...T"Jcf a.._o:: snec) .. 
t1eC 1...-; t.hlS se~:1or..: o: 

tl!; ~ nt Re-gi-onal Ac::::u;li.s~:-atO:- r£--. 
leas~ the o~e: o:- ope:-at.e:- 1ro:::: the 
reou~e!::le:-1~ o: thl.5 sec:.io:: ir. a.ccord
&."1ce ""::-. t 26~.H3m. 

en Fi'r .. ::T~cl t..e.s: cnC cc~or-c.te 
r;uc.ror.!u joe closure. !1) .AI, o=e~ O! 
opern.tor ::nay ss:.ist:t· the reourre:::tents 
o~ thu; sectio:J b,- der:Jor...swa.tmr ths.~ 
he passe.s .;. .fL'1~cis.~ test &.S spe:i!1ed 
L,., ti'..is ps.rnr,s.;or •. To pas.s this te.s: the 
o~-ne:- o: ope:-a:.or =::u.s~ mee: the c:ilk· 
rif. of et:he~ parab-f.;:>h C!JCl )(!) o: !Ul 
ot thlE sectioz:.: 

OJ Tne o=e: or operata: must have: 
<Al '!':.·o o! the iollo..,.mr three 

:Atios: f. ratio of wt.o.J. lis.bU1~les t.c net 
worth less !ha:: 2.0;. o :ratio o~ the s~ 
o: net lnco:ne plus deprectatlO::, depie· 

~73 
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tion. and amortization to tot.al liabU· 
!ties iiTe&Ler tha.n O.l; a.nc a. tatw of 
current asset.s w current ha.bUities 
orea.Ler than 1.5; and 

CB l Net work.tng capit.al a.nd ta.n(11ble 
net worth .ea.ch a.t least SIX times the 
sum of the current closure and postr 
closure cost estimates and the current 
plUI:i:llll: and abandonment cost esti· 
mates: and 

<Cl Ta.n(11ble net worth of a.t least 
s 10 m1lllon; a.nd 

CDl Asset.s located in the UnJLed 
States a.moW1tm~: to at least 90 per· 
cent of tot.al asseu;· or at least sl.x times 
the sum of the current closure a.nd 
post..-closure cost estrmat..es a.nd the 
cu.7ent pluo;gmg a.nd abandonment 
=~ esttma. tes. 

<ill Tne ov:ner or opc:-at.or mus~ 

have: 
iAl A current n.tmg Jor his most 

recent bond ISSuance of AAA. AA. A. 
or EBB as issued by Standard a.nd 
Poor's or Aaa,• ~. A. or Ba.o. as issued 
by Moody's; and 

CBJ Tanblble net worth at least sl.X 
times the sum of the current closure 
and post-closure cost estnnates and 
the cu.."Tent pluo;Por a.nd aba.ndon· 
ment cost estimates; and 

CCJ Tanbible net worth of at least 
no millior.: and 

CDJ Asset.s located in the Unlted 
States a:nountln>: to at least PO per· 
cen1 of tot.a..l assets o: at least. sb: tlnles 
thE sun: o: the cu_-rent closure and 
post.-closu.""e cost estu:nates and the 
cu."Tent plugpng and aba.""Jdonment 
cos: estimates. 

C2l ':"ne phrase "cu..7en: closure B..."ld 
post.-closun cost esttmaLeE" as used in 
pa...~;Jb (f)(l) o: tn.J.S sectlon reiers 
tc· the cost. est.i=n.ate.s reoUli'ed w De 
s:1o~ ir:. ps....-ar:c..pru ) ~ o: the iet.u: 
:!:-o:r. the o~e:-'s or o;>e:-at.O:-'E ch.Je~ :!J· 
n.ancuu officer <! 26oi..151Cfll. Tne 
p!:.rase "cu.."Tent plUt;t:".nr a.."ld ab<..ro· 
oonment cos: est.l1D..&t..es" ~ usee !..~ 

PE..."'ai:TRPh (flO J of this section refers 
t.o the co~!. est.i..tn.E.~ reQl,;.!!"eC t.C. De 
s.ho= in PB...'"'aP"'l.Pm 1~ c~ :.he le~-..e:-
1:-o:::: !.he o=e:-·s or o;:>e:-at.o:-'s c:Ue~ !l· 
ru..nc12J o!i1cer <1 l-4{.70Cf) o~ thlE 
tit..le~. 

.(~. To demonstrnt.e that he I::Ieet.s 
fr...l! tes:, the o=er or operat.o:- I::Iust 
sub!n.lt the foDo"'l.."lo lte:ru to the Re· 
1:1 o:lal Ad-. • rusn .. t.o:-: 

... 

40 CH. Ch. I (7-1-86 Edition) 

(!) A letter sumed by the ov."IJer's or 
opera.t.or's chlef Hna.ncuu officer a.nd 
worded&.>; apeci!Jed In 1 26(.15H!l: and 

Cill A copy of the mdependent certl· 
f1ed public &eeoW1ta.nt's report on ex· 
a.nuna.t10n of the o\\7ter's or operator's 
fmancia.l statements for the la.Lest 
con:pleted fiSCal yes.:-; and 

<ill) A specia.l report from the 
ov."IJer's or opera.to,-'s Independent cer· 
tified publlc a.ccount.ant to the ov.-ner 
or opernt.or stat~ tha.t: 

(A) Ee h&.>; compa.red the data wluch 
the letter 1rom the chlef !ma.ncia.l of!i· 
cer specifies as hanru: been denved 
!rom the indepencently auc.JteC., year
enc fmanc!a.l s::.atement.s for the latest 
fiSCal year v;Jth the a:nount.s ln such 
!l.DB.ncla.l S!.II.Lements; a.nd 

CBJ 1n connection v;Jth that p,-oce· 
du.re. no matt-ers c.a...rn.e t.o h1s att-e:1tio:1 
v;-hict. caused hl.IL Ul believe that the 
speci!Jed caL& should be a.d.JusteC.. 

( ~ l An O"O'I!er o:- opera to:- of a ne"' 
fa.cilJty must sub::llt the ite::ns spec:. 
f1ed m ps.ra~:TRPh CfJC3J o~ tills section 
to the Re~:~ona.l Admlnlstrat.or· a: least 
60 days before the ru;.te or: whlch hru:.. 
ll.!'dous waste lS !l..I"S: received fo: treav. 
ment. storage, or d!.sposal. 

<5l AiLe:- the inJual submission o: 
ltem.s speci!Jed m pB...""aP'1J.Ph Cfl(3) of 
tb.ls sectlo~ the o=er or operator 
must sene updated 1n1o=tion to tbe 
Rei;lona.l Ad!r.lnlstrat.or Wlt:tun PO dan 
f..tter the ciose o: each succeectmt 
:!lscaJ yea.:-. ':"'!US b.1 a :rna ti 0:1 m us: con
E:st of aJ.J three lte:ns specified lD PB..."'h· 
g-ra~h '<f)C3) o~ !.hls sectior .. 

< 6 J l.f the o=er o: operat.or no 
)on.ge:- meets the reQlliTement.s o: 
pa...~ph C!JCll o: tills sectiO~ he 
must sene no:Jce to the Re~:~o:lal Ad· 
~trs.tO: o~ L.~t.e!l: to est.a.bl!st. alter
n& :e f l:l.E.Il c1~ S.SS"..L. -c.:::1 ce as specii 1 e C 1=: 
t~ sect1o::. Tbt not1ce !:JUS";. be sen: 
by ce~ifJeC ---s.n ~t.hll: 90 d.E.y~ E.!t.e: 
the enC of tht fl&CS..l year 1o: \;'h.icb 
tbe yes.T..enC :!1.ru:....."1cla.J cis:.s sho~ that 
the o"-ne: or open.:.or no lange:- meet.s 
the reou.u-e!:le:n.s. 7ne o~e: o: o~n· 
'to:- must pro\"ioe !.he s.lte!"Dat.e 1=· 
Cli:J ass'.:.. -an ce ~ :.!" .1:: :. 2 o ciE.ys Ute: 
t!'le enc o! rucr. !JSCs.l yea:-. 

(7) The Re1:1onal Ad!::ll.."list.rat.or 
I:lRY. bs..sec on a reasonable belief thAt 
the o"'-ner o: oi>e:c.t.o: may no longer 
ceet the reo~ement.s o~. pa...-a.~ph 
CfXll o: tr...l! sec:.ior .. reQuire repcr"..s o: 
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:.,~financial condition at any t1me from 
r~the owner or operator in addition to 
...,those specl!led 1n paraF:raph <!><3) of 
.- .thi.5 sect1on. If the Re!:lOnal AdminlS· 
~'"irawr !tnds. on the basl5 of such re
\Hi:>ons or other !n!onnation. that the 

owner or operaLOr no longer meets the 
nr~oulrement..S of paraF:raph (f)(l) of 
:1~thi.5 section. the ov:ner or operator 
;~ must pro\1de alternate !ma.nc1al assur
.-'a.nce as specl!ied m this section ...-!thin 
V~:lO day,; a!t.er not1!1cation o! such a 
O!mdlru:. 
•·• <Bl The Regional Adml.nistrator may 
1-:;d.1sa11ow use o! this test on tbe basl5 of 
,.:cuall!tcattoru 1n the opm1on expressed 
\.~b,- the independent cer.!Jled public a.c
h'c~unt.ant 1n his report on exa:niDat10n 
Clb' the o"Ome:r'E or operator's !lnancial 
~-. si:...t.ements <se< para~;>h <fJC3 Hill o! 
I t)W; sectiOn)_ /'.J:) adver-se opiruon or a 

dJ.SCla1mer of oplruon 'l<il1 be cause for 
dlsallowance_ '::'ne Re!;lcnal Acimllu.<
trator v;-ilJ evaluate other ouall!!Cl>
tJOru on an !ndn'ldual basiS. The 
o=er or operator mus~ pro,iae alter
nate !mancial assurance a.s speclfJec m 
this sectlor. \.:ithln 30 days s.!ter not!.!l
c:atton o' :-, ,., dlsa.llowa."1ce. 

(9) T:,c owner or operator Is no 
lomcer reQuired to subr:llt the ltem.s 
specl!ied in pa.-a.bTE.Ph (!)(3) o! this 
section when: 

(!) An owner or operate: substl:;utes 
alternAte financial assurance as speci
fied in this sect1or.; or 

01 l The Regional Adr:ilills'~-a.tor re
leases the owne: or operate: .!rom the 
reouu-emenL.S of thiS sect-wn m acco~d
ance 'l:.ith ! 26{.1{3(1). 

OOl An o=er or ope:-ato: ms:- mee~ 
the reqt!..lre:r::ner..t.s of t!:.J..s secttor. by ob
uJ.nL~ a W":itten guz....~Tltee. he!"eaJt.e:
refen-eC to as "co~orate rua.-a:::~:ee." 
7he ~a.1·a::n.or nus: be the pa:-e!i.: cor· 
po~t1on of tht: o~e: o: opera:c. 
The gua.'"ll..Iltor mus: mee: the reQui;-e
ments !or owner:; or ope:-ato:-:; m ps..--a
a"nPru C!l<ll through <Sl o: thll; sec
tion and mus:. comply with the te~ 
cl the corporate rua.--a.."1tee. The "-'Orci
ln& o! the co~orate ~.JE.."1L"1~ :t:Jus: 
be ldenticaJ t.o the ~·o;-L~ s~:!1eC. m 
I :2H.l5l<h): Tne co~orate rua.--a.."1tee 
mU&t accornpa.."1y the i;.ems sent to the 
Re liil onal Aciml.l'listrato: a.s spec if 1 ec lil 
pt~o.r·agrapb <0<3) ot tr.il; sectior~ The 
t.enru of the corporate g-.Ja.-..ntee mus: 
pro\1de that: 

§ 26-(. 143 

til If the ou'Tier or operate' fails to 
perform ftnal closure of a Jacll!ty cov· 
ered by the corporate I(Uarantee 1n ~
eorcianee u·ith the closure plan and 
other permit requirements whenever 
reQuired to do so. the guarantor uill 
do so or est.ablL5h a trusl lund as speci
fied IIl 1 26'..14.3ta > in the name of the 

~!1C.C: po~tct> of cane J o. on y certi
!Jec mall to tne O"'!ler or opcrntoc and 
t.o the Reponw Aanumstraw:. Cancel
ls.bon may not occur. however, du.n.nl:' 
the 120 days be~ on the dnte of 
receiPt o! the not1ce of cancellation by 
both the ou'Tier or operate: and the 
Regional Adnurustrnt.or. as ev1dencec 
by the return receiPts-

<111) If the ovmer or operator !all.< to 
prO\"Ide alternate fmanclll.l assurance 
as specU1ed m thl5 sect1on and obt.am 
the u-r!tten app,.O\'al or such alternat-e 
assurance !rom the Re!;]onal Adr.unL<
u-ator 'I:."Jthin 90 day~ after rece:pt by 
both the owne: o: operawr a..~8 the 
Reponal Adr::n::li.strato~ o: h nouce oi 
canceliat10n o! the co~o:-ate l'Ua.-a.n
t.ee .!rom the l'Uaranto:. the l'UP.T!l..'1tor 
"ill PrO\ide such alternative fmancml 
assu.'"ll!lce in the name of the O'I:."T•er OT 

operat.o:. : 
(!>) U3c of multiple ftncncic:l mecha· 

r.is7r..s. An o=e: or operator may sal
lS!Y tbe requirements ot this sectJon 
by est.abli.shi."l.t more tha."1 one f~r..an
cJal mechf.IllS!r: per facility. Tnese 
:=1echa:-.i.s= an llrnJteC to t:rust .!U."1d.s. 
s'..!Tety boncis ~ara.ntei::L.~r; payment 
into s tn:s: tunC.. iette~ c: credit. A:Jd 
insun.nct. 7ne ~echa:-.!Srn.s c. us~ be as 
specl!1eC: m p<-.-a~pb (!l), (b), (d), 
&:'lC (e). respect.Jvely, of thls sect1o=.. 
exce;>~ ~hs.:. 1~ lS the co::J.b:....~tw:: cf 
::1ech~. :c..:.he: tharj the Sl::l~Je 
rnecha...~:::. ~h.ich mus: pro\ide :!L.~J
cla2 assc...-a....,ce 1 o: an a.mou...~t at· Jea.s:. 
ecual to the cu.-rent closure cost estJ
!::J.ate. :U an o=e: o: o;::>era;.o: uses a 
trust- !l:Ild ii: cornbinatlOD with A 
suretv bone o: "' letter o: credit, be 
o.ay Use the t~l!St tu.J1C a.s the s:..a:Jdby 
t~t !unC. !or the o!.he: mecha...'"'l.lS'::lS. 
;. .. s:....~gie st.o.nCby tru.s:. f1.1.."lC !:l2.Y be es
tablisheC: fo~ two o: more mecha..~..s. 
Tbe Regional Acmirustrat.pr may use 
A....'P1.Y or E..l.J o: t!Jt: mec11s...."1.1Sr:lS to pr~> 
vide !o: ciosure of the Js.cillty. 
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TOLERABLE RISK 

Issue 

From the standpoint of public health, possible biological effects 

from exposure to contaminated groundwater include: acute, subacute, 

or chronic toxicity; mutagenicity; teratogenicity; and 

carcinogenicity. It is the consensus of scientists that these end 

points can be considered to be either threshold or nonthreshold 

phenomena <NAS, 1977). Biologically, threshold represents a 

no-effect level explained by an organism's resistance or sum total of 

defense mechanisms in the face of toxicologic challenge. In 

contrast, chemical carcinogens are considered to be nonthreshold 

agents, since a single genotoxic molecule can be assumed to interact 

with the cell's DNA and, thereby, result in a malignant growth. 

While not all carcinogens are genotoxic, epigeneti~ carcinogens are 

treated conservativel-y using the nonthreshold hypothesis since 

sufficient data are not yet available to resolve this issue. 

Threshold agents have long had available conventional toxicologic 

methods for the estimation of safe exposure levels for humans (i.e., 

levels below which no serious effect is expected>. The most commonly 

used and accepted method involves the application of safety factors 

to the •no observed effect level• in animal studies. To achieve the 

same level of protection for nonthreshold agents: i.e., carcinogens, 

criteria or standards would have to be set at a zero exposure level. 

•· t 
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...... A number of factors prohibit this approach. In some instances 

potential carcinogens are found in the environment at naturally 

occurring background levels and their removal is an impossibility 

eg., naturally occurring ionizing radiation. Host potential 

Q carcinogens enter the environment as a result of the activities of a 
t.'~"j 

technology based society. For the most part, these activities are of 

considerable benefit to society e.g., electric power production, 

chlorination of public water supplies, etc .. To require a zero 

exposure level associated with these activities could result in an 

unacceptable loss of benefits, increased economic cost, or even 

increased health risks (for example an increase in communicable 

disease as result of non-chlorination of public water supplies). 

Since nonthreshold agents cannot always be prevented from entering 

the environment or completely removed once they have found their way 

into the environment, it becomes a matter of managing the risks 

associated with exposure to these agents in a way that is tolerable 

to society. This then is the central issue of this report; what 

level of risk is tolerable for a potential life-time exposure to 

nonthreshold agents? 

The concept of tolerable risk is often called acceptable risk. The 

term "risk acceptability" conveys the impression that society 

purposely accepts risks as the reasonable price for some beneficial 

technology or activity. For some special cases, this may approach 

reality. Hang-gliding, race-car driving, mountain climbing, etc. are 

all voluntary high-risk activities in which the benefits are 

intrinsically entwined with the risks. These activities are 
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exhilarat~ng because they are dangerous. But most risks o£ concern 

are the involuntary, undesired and o£ten un£orseen by-products o£ 

otherwise bene£icial activities or technologies. Since most risks 

are imposed on a less than £ully in£ormed risk-bearer, the reponse is 

more properly thought o£ as tolerance rather than acceptance (Kates, 

1983; Kasperson, 1983>. 

The remainder of this report exa~ines the issue o£ a tolerable level· 

o£ risk £or exposure to nonthreshold agents. The current MDH 

procedures regarding tolerable risk levels are e~plained. The 

methods used to examine this issue are outlined. The various 

decision analysis methods used in risk management are discussed and a 

recommendation is made £or a tolerable risk level. 

Current MDH/MPCA Procedures 

In 1977 the Minnesota Department o£ Health £ormalized environmental 

health risk assessment activites with the creation o£ the Secti6n .o£ 

Health Risk Assessment <HRA> in the Division o£ Environmental 

Health. In 1980-81 HRA conducted a critical review o£ the risk 

assessment/risk management literature <Gray, 1981). Included in this 

revie~ ~as an examination o£ the tolerable risk issue. This report 

concluded that the •bene£it-risk analysis• method proposed by Starr 

<1969, 1972> ~as the best alternative £or the selection o£ a li£etime 

tolerable risk. Using this method HRA derived a li£etime tolerable 

risk level of 10-5 . Since this time, whenever risk assessments 

have been conducted on various nonthreshold agents and there are no 

existing state or federal standards for these agents, the Department' 
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I·:·]:· has made recommendations for action based on this level of risk. A 

~. lifetime risk of 10-5 means that during the 70 year period assumed 

\~ to comprise a lifetime, one extr~· adverse effect (usually a cancer> 

~~ will occur for each 100,000 person~ exposed. 

The Minnesota Pollution Control Agency has, as a matter of policy, 

relied on the HDH for the conduct of risk assessments and decisions 

regarding tolerable risk. 

Methods Used to Examine the Issue of Tolerable Risk 

Since this report is basically a reexamination of the issue of 

tolerable risk, HRA's efforts were directed toward determining what 

changes in philosophy, theory, methods, and actions, regarding this 

issue, have occurred since 1980. To accomplish this task, HRA 

surveyed the pertinent literature from 1980 to the present; and also, 

contacted a number of scientists and regulators, outside the state of 

Minnesota, to solicit their input. 

These discussions are summarized in the following section. The 

literature review, which includes Gray's 1981 report and the present 

survey, is presented in the section on "Alternatives for the 

Selection of a Tolerable Risk Level". A bibliography is provided at 

the end of this report. 

Summary of Outside Contacts 

Between twenty to thirty contacts were made with state and federal 
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scientists and regulators with experience in risk assessment and risk 

management. Information was obtained from seven. states (California, 

Florida, Michigan, New Jersey, New Mexico, New York, and Wisconsin> 

that have been active in setting maximum contaminant levels <MCLs> 

for substances in drinking water. In these states, MCLs for 

nonthreshold agents are based on lifetime excess cancer risk levels 

ranging from 10-5 to 10-6. from the information available it 

appears that none of these states have developed their risk 

management guidelines or regulations based on quantitative methode, 

i.e., benefit-risk, cost-effectiveness analysis, balanced risk, etc .. 

In several states <Wisconson, New Jersey, and Florida) the 

legislature simply mandated a lifetime tolerable risk level. None of 

the states contacted were able to provide documented rationale for 

their choice of a lifetime tolerable risk level. 

Numerous contacts were also made with various Environmental 

Protection Agency Programs including: Drinking Water Section, Office 

of Safe Drinking Water, Region V; Health Effects Branch, Office of 

Drinking Water, Region V; Environmental Criteria Assessment Office, 

Office of Research and Development, Cincinnati; Criteria Standards 

Division, Office of Drinking Water, Washingtion D.C.; EPA Science 

Advisory Board, Washington D:C.; and the Carcinogen Assessment Group, 

Office of Research and Development; Washington D.C .. 

EPA is at the forefront in the development of risk assessment methode 

and also in performing risk assessments on potentially hazardous 
/ 

substances found in the environment. However, for pollutants that 

they do' not regulate or are in the process of regulating EPA will not 
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give guidance on tolerable risk. EPA officials repeatedly indicated 

·~~ that decisions on tolerable risk are the responsiblity of the 

individual states. Their reasoning is that the factors that impact 

!~ tolerable risk vary from area to area, i.e. state to state. These 

~ 0? factors might include public perception and avareness of the 

seriousness of environmental.contamination problems, public 

villingness to undervrite the costs of clean-up and control, impacts 

of regulatory decisons on local and state JOb markets, political 

climate, etc .. 

Alternatives for the Selection of a Tolerable Risk Level 

Risk assessment or est~mation is the measurement of consquence 

likelihood. Once s~ch estimates have been generated, the meaning of 

the proJected outco~e must be evaluated. The evaluation of risk is 

variable and relative; hovever, a practical division betveen methods 

can be made by focusing the types of comparisons related solely to 

the risk in question, tp pther risks, to costs of avoidance and to 

benefits. What follovs is a summary of methods vhich have been used 

to establish tolerable risk. These methods can provide a logical 

basis for the development of environmental exposure guidelines for 

nonthreshold hazards. 

1. Aversive Methode 

Aversive methods are directed tovard the total avoidance of risk. 

Aversive risk JUdgements can be made by individuals or eocities. 

Much regulatory activity is directed tovard maximum aversion. Zero 

tolereance standards and standards at or belov the dose-consequence 
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threshold are examples of aversive risk evaluation. Wolf <1'37'3> 

0' 
Additives Admendment, 

~ 
describes the Delaney Clause <Food 1'358, Food 

and Drug Administration> as follows: 

••• Congress essentially said, there can never be any benefit 
in a food additive that is great enough to outweigh the risk 
of cancer, particularly if 100 million to 150 million 
consumers might be subJect to this kind of risk over a 
period of time. 

The effort by the Occupational Safety and Health Administration to 

establish a generic cancer standard is another example of an aversive 

approach <Kates, 1'378). They suggest that for workplace exposures, 

the Delaney Clause approach <i.e., no exposure to carcinogens> is 

most efficacious. In discussing zero risk goal Starr et al. <1'370) 

concludes the following: 

One criticism stems from the fact that in several cases, a 
zero risk goal has been established. This denies the 
concept of a trade-off between risk and benefit, and ignores 
the difficulty or impossibility of reaching zero risk. 

Such standards often seem to be based on little logic; carcinogens 

are banned from food in the United States but not in water. If 

aversive methods involve any comparisons at all it seems to be with a 

higher power imperative, or postulate <Kates, 1'378). 

2. Balanced Risk 

Balanced risk evaluation methods seek to compare and equalize the 

consequences of some proposed action or environmental exposure with 

those of commonly tolerated risks. To peform this comparison 

consequences need to normalized. Usually frequencies of mortality, 

morbidity, or damage are compared to encourage a desired action or 

reveal acme inconsistency. An example of this approach is a study to 

develop earthquake codes for the City of Long Beach <Wiggins, 1'372>. 

Earthquake risks were compared with risks encountered everyday in the 
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use o~ automobiles, at work, in public activities, and at home. The 

magnitude of these various risks di~fered and earthquake code 

standards were offered that lead to mortality of 10-5, 10-6, or· 

10-7 per person per year, the final selection depending on the risk 

\(): aversiveness o~ the community. 
~~~t 

One can gauge typical societal response to such comparisons by 

0 looking at actions commonly taken to avoid common risks as described 
tY-"t.: 

0 by Otway (1970): 

Fatal accidents providing hazards on the order of 10- 3 per 
person/year are uncommon. When a risk approaches this 
level, immediate action is taken to reduce the hazard. This 
level of risk appears unacceptable to everyone. 

At an accident level of 10-4 per person/year, people spend 
money, especially public money, to control the cause. Money 
is spent for traffic signs and control, and police and fire 
departments are maintained with p·ublic :funds. Sa:fety 
slogans popularized in the U.S. for accidents in the 
category show an element of fear, e.g., 'the life you save 
may be your own. 

Mortality risks at the level of 10-5 per person/y~ar are 
still considered by society. Mothers warn their children 
about most of these hazards <playing with fire, drowning, 
:firearms, poisons), and some P.eople accept a degree o:f 
inconvenience, such as not traveling by air, to avoid them. 
Safety slogans for these risks have a precautionary ring, 
'Never swim alone,' 'Never point a gun at another person,' 
'Keep medicines out of children's reach.' 

Accidents with a probability of about 10-6 per person/year 
are not of great concern to the ave'rage person. He may be 
aware of them, but he feels that they never happen to him. 
Phrases associalted with these occurrences have an element 
of resignation, 'Lightning never strikes the same place 
twice,' 'An act of God.' 

The risks discussed above are a mixture of voluntary and involuntary 

risks. Starr's work <1969, 1972, 1984) indicates that the public 

considers involuntary risk 1,000 times less acceptable than voluntary 
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risk. Others argue with the degree of this difference but not its 

existence <Lave, 1972; Rowe, 1975; Otway et al., 1975>. 

A fundamental concept to the notion of a balancing of risks, or any 

non-aversive method of evaluation, is the existence of some non-zero 

level of risk which is tolerable. Starr (1969, 1972, 1984) has 

pioneered the'search for tolerable consequences embedded in broad, 

societal behavior. The work of Starr will be discussed in more 

detail in the section on benefit risk analysis. 

3. Cost Effectiveness of Risk Reduction· 

This method involves a comparison of risk and the cost of actions 

necessary to prevent exposure to that risk. Such studies are 

sometimes referred to as cost-effectiveness studies. Such an 

analysis has been done by Sinclair <1972> who evaluated the 

effectiveness of prevent~ve costs in industrial safety. Based on the 

level of risk and the coat of prevention, he calculated the implied 

life evaluation implicit in the preventive activity. 

Comparative Risks, Safety Outlays and Implicit Life 
Valuations in Three United KingdomJ(Industries. 

Sector 

Annual Risk per 
1,000 worker~ of: 

Serious 
Injury Injury Death 

Average 
n11tl~y 

(£(worker) 
-~aluation 

£ 

Agriculture 25.7 4.44 0.197 3 15,000 
--------------------------------------11~§§=§§2 _____________ _ 
Steel Handling 72.7 9.92 0.216 50 230,000 

---------~------~~~~~------------------~~~~~2 _______________ _ 
Pharmaceutical 25.0 .2.42 0.020 210 10,500,000 

36.80 (1968) -------------------------------------------------------------
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The calculated life evaluation can be seen to vary widely for the 

various industries. This variability suggests either a difference in 

~~ the perceived value of a human life between the three industries, or 
N 

a difference in the awareness of hazard. In any case, such 

calculations can be used to evaluate and compare proposed risk 

reduction actions. This method can be taken one step further to 

cost-benefit analysis if one establishes the value of a human life 

for comparison with the cost of death prevention. 

4. Benefit-Risk Analysis 

Benefit-risk analysis is the compariso~ of .risk level to benefit 

arising ~rom the activity. The maJOr distinction between. this method 

and cost-benefit or cost effectiveness methods is the absence of any 

attempt to express risk in the same units as benefit for easy 

comparison. Rather, the relationship between benefit and risk which 

has been established by society is examined· in an effort to predict 

tolerable risk for a situation of given benefit. 
I 

Estimates of mortality risk for a number of activities compared to 

the resulting benefits have been developed by Starr <1969, 1972, 

1984). Historically, trade-off relationships between benefit and 

risk have been empirically determined. For example, automobile and 

airplane safety have continuously been weighed against the economic 

costs and operating performance. The trade-off process is a dynamic 

one with many parts of our society out-of-phase due to the separate 

~time constants• involved. Starr assumed that for historical 

situations a socially tolerable and optimum trade-off had been 

achieved and that the relationship between the two could be used for 

predictive purposes. 

10 
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Starr found that risk increased approximately as the cube of benefit 

for both voluntary and involuntary risk~ 

<NOTE: 

VOLUNTARY AND I:NOLUNTARY £XPOSUR£ 

~ 10- 7 
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Avera3e Annual Benefit Peraoft Involved (Dollars) 

(Starr H69) 

An hourly risk ratio of 10-10 corresponds to an annual risk 

ratio of 8.8 x 10-7 >. 

Other authors have questioned the quantit~tive parameters of Starr's 

risk-benefit relationship. 
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Notice that the low risk region in the above curv~ gives similar 

risk-bene~it ratios to Starr's; however, in the high risk region the 

variation in slopes signi~icantly alter the bene~it-risk 

relationship. Otway and others have suggested di~~erent quantitative 

relationships; however, Starr's basic concepts which relate bene~it 

to risk have received general acceptance. These can be summarized by 

~~ 
~~ Starr <1972, pp. 38> as ~allows: 

1. Rate of 
determining 
(chance per 

death from disease is an upper guide 
the acceptability of risk - somewhat 
person> in 100 years. 

in 
less than 1 

2 Natural disasters ('acts of God') tend to set a base 
guide for risk - somewhat more than 1 in a million years -
similar to the intrinsic 'noise' level of physical systems. 
Man-made risks at this level can be considered almost 
negligible, and can certainly be neglected if they are 
several magnitudes less. 

3. As would be expected, societal acceptance of risk 
increases with the benefits to be derived from an activity. 
The relationship appears to be nonlinear, with this study 
suggesting that the acceptable level of risk is an 
exponential function of the benefits Creal and imaginary>. 

4. The public appears willing to accept voluntary risks 
roughly 1,000 times greater than involuntary exposure 
risks ... 

5. Risk Elevation 

Somers (1979) suggests that looking at risk elevation is an 

additional way to estimate tolerable risk. If exposure is below the 

background level, the risk must be tolerable. For example, the dose 

of radiation routinely received from nuclear power production (does 

not consider accidents) can be compared with natural background 

exposure from other sources. 
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Weinburg (1981> has also suggested this approach terming it a "de 

minimje" orinciple. He writes: 

... a 'de minimis •, ·principle: Below a certain level of 
exposure or insult, we shall simply accept whatever residual 
risk is incurred; we only assure ourselves that the risk is 
'small' ... Where the insult is a manmade addition to an 
existing background, as is the case for radiation, an 
exposure 'small' compared to the natural background seems to 
me to be a sensible standard ... We make the implicit 
assumption that background radiation poses an acceptable 
risk, whatever that risk may be (and which we do not try to 
quantify l. 
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For insults for which there is no background <e.g., many organic 

chemicals>, Weinburg suggests a comparison of risk from exposure to 

that insult with risk from exposure to radiation at levels high 

enough so that each can be unequivocally determined. One would then 

invoke the following principle of consistency to determing an 

allowable level of exposure for the new insult. 

The allowable exposure to the chemical in question should 
cause no more damage than that caused by the •de minimis• 
level previously set for radiation. The damage caused by 
the ~de minimis~ level for radiation and for the chemical in 
question is determined by the linear hypothesis. 

The problem with &11 of this is that background exposure, especially 

to radiation (see table on page 18, Commonplace Risks of Daily Life), 

is not acceptable not because the resulting risk is considered by 

society to be negligible, but rather because there is no alternative 

to its acceptance. There is no logic in adJusting our tolerance of 

hazard to levels which have nothing to do with our perception of or 

aversion to risk. Practical problems such as the wide variability of 

background concentrations would also arise. The above figure also 

demonstrates how the risks of two man-made exposures can be 

compared. The exposures from nuclear power production and radiology 

can be compared and the argument made that since the latter is higher 

and is tolerable, the former must therefore also be tolerable. 

Unfortunately, the argument ignores possible differences in benefit 

resulting from the two exposures. 

Discussion 

It is apparent from the above summary that the selection of a method 

to establish tolerable risk is a difficult decision. All of the 
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methods have aspects to them that argue for and against their use. 

Risk-benefit analysis is intuitively appealing because it provides a 

quantitative methodology; hoYever, benefits must be quantified or it 

must be assumed they are equal or are zero for the various 

alternatives. Risk elevation is also intuitively appealing, but 

logically flawed. The balancing of environmental risks Yith those 

commonly encountered is less obJective than other methods but can be 

useful if one is careful not to lose sight of the magnitude of the 

benefits associated Yith the risks being compared. 

Of the five methods revieYed the benefit-risk approach is, in HRA's 

opinion, is the most defendable. Its implications and hoY it Yas 

used to derive a tolerable risk level are discussed in the remainder 

of this section. 

Starr and others have compared benefit and risk in the aggregate. 

Unfortunately benefits and risks are not distributed evenly over all 

members of society <Kates, 1978). Benefits may be concentrated and 

risk diffuse such as in the ~se of pesticides bi farmers. 

Conversely, risks may be concentrated and benefits diffuse such as 

for occupational hazards. The distribution in time may also be 

uneven with immediate benefits and delayed risks as with the latent 

effects of chemicals. These inequalities make the application of 

benefit-risk relationships difficult to apply to individuals or 

special subgroups of the general population. Yet for the purpose of 

evaluating risk assessments, it is necessary to have an estimate of 

negligible risk which applies in the aggregate and which can be 

adJusted to accommodate the risk aversiveness of special subgroups. 
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It is entirely possible that special subgroups or individuals, such 

Vl as those occupationally exposed, will derive considerable benefit 
;,,), 

from tolerance of a higher risk level. Clearly~ tolerable risk for 

special population groups needs to be calculated on a case-by-case 

basis. 

Not withstanding the above caveat, environmental risks can be 

balanced against commonly tolerated risks of equal or lower benefit 

for the purpose of establishing exposure guidelines. Starr < 1969, 

1972, 1984> classifies as •negligible• those risks which are lower 

than the probability of death by natural disaster, a probability of 

about 10-6 per year. This comparison should hold for risks of any 

benefit level since natural disasters have no concomitant benefits. 

It therefore follows that environmental exposures resulting in annual 

mortality risk ratios of 10-6 or less can reasonably considered 

• safe•. Since this level of risk tolerance has been calculated from 

aggregate populations it should be applied to general population 

groups or "average" individuals in such a population. 

One can develop a sense of how conservative such a guideline is by 

comparing it with comparing it with commonly experienced risks. 

Wilson <1980, 1982> has enumerated the following commonly tolerated 

risks. Wilson's data are consistent with Starr's conclusions about 

the risk-benefit relationship. Involuntary risks are less tolerable 

than voluntary risks and risks for activities with little or no 

benefit are less tolerable than risks-with high concominant benefit. 

For example, tornadoes, hurricanes, and lightning have no benefit, 

are involuntary, and result in a low annual mortality risk. Auto 
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racing is voluntary, with presumably a high payoff for the 

participating individual and a high risk level. The high air 

pollution risk level, while involuntary for the individual, is 

associate~ with the high societal benefits of ener~y production and 

is therefore.tolerated. 

F<><>th"ll 
Automobile n~.~inc 

J-lon.c r;,cin1 
Motorcycle r .. cin~ 
1'o\o\crbo:,tint 

Boxint (amateur) 

s•iin~ 
Canocing 

Rock climbins !U.S.) 

SunhJthin~. mount.:~in climbinG 

(skin cancer ri)l cur~ble) 

Fishin~ (drowning) 

Dro..,..·ning {all rccrcJtional cJu~cs} all 
over U.S. 

Bic)·cJinb {assuming one ~rson per bicrdcl 

Maninf: anJ qu:1rr) in~ (.•r,iJ .. .-nt llOI}·) 

Co:~l n•ininc 
Acci<IC"nl (;n•ca.,r:~ 1910-197-l) 

R\;~<.:k lun~.di,~.·;,,c { 1%9) 

A~ricuhurc 

Toto I 
Tr~o.:'ll..lr driver (pnc dri"cr'tr:•Cior) 

Trade 
Manufa.:IUrinc 
Scrvic~ 

GC\\cmmcnt 
Tnn,ron:Hion ;.and utiliu~s 
Airline pilot 

Tru.::k dri\t:r (t."~nc drivcr'truclt 

Jet·f'tyinf: consult~tnt J.nJ rrofeHor 
Ste&:l "orL.er ca..:cidcn1 or.!yl 1 !9(1'1-19il l 

A ,·cra~cd ovrr 
p3na~ir..tnt~ 

40 hriycor cnpccd 
in sports 

Avcra~ed over 
fishinr:, licenses 

Railrold "'';orL.cr c 197.:1 tall accidc:nts n.cludin~ ~r..~J~ crossint>' 
Fire li~htc:~ ( 1971- I 9?2 an~r.a~c 1 

Current occupati\Jnal risks 
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No. of 
death~ 

in 197~ 

300.000 
c~es 

343 

4110 
1000 

NumN-r 0f 
(at;.~litac'i (in 

1975 unJc,s 

st&Jtcl.JJ 

:soo 

ISO 
113~ 

2100 

1200 
1500 
I SUO 
1100 
1600 

66 
688 

( X 10'' 
1.2 )( 10 • 

1.3 X 10"' 
1.8 ,.. 10"' 
1.7 Y. 10"' 

2 X 10"' 
3 X 10"' 
( X 10"' 

10"' 

~ -~ 10"' 

1.0 X 10"' 

Ri,L') car 

6 ,.. JQ-· 

1.3 X 10•1 

g X 10'' 

6 X 10 ·• 

1.3 X 10'' 
6 X 10"' 
8 X 10"' 
9 x w-• 

1.1 X to·• 
J.3 X 10"' 

) X 10-· 
10-· 

HI' 
2.8 )( 10"' 
Ux JO-· 

8 X 10-· 



No. of de~ths 
in 197~ 

Motor vehicle tin 197~1 
Total 
Pedestrian (ccnotin1y in\·oluntaryJ 

Home accidcnh ( 19i!o) 
Alcohol 

Cirrhosi> of the liv<r 119i~) 
Cirrhosi> of the li'<r !moderate drinler) 

Air tra' el 
One tran.continentaltrip- year 
Jct-ftying profc,.or 

Accidental pois<>ning 
Solids and liquids 
Gases and vapors 

Jnhalatilln and in~cstion of objects 
Eleclrucution 
Falls 
Tornados (;,vcrage O\CT several )'C41H)) 

HurTicancs ta,·cr.a~:e O\'CT S<\'CT•I )c~rs) 

Li~htninr. (;..vcr.a~c O'-CT ~e,·cral yean.) 
Air rollution 

Total U.S. c>timatc (sulfa!<\) 
Urban U.S. lbenzo(nlp)rcnel-canccr ri'l 

Vaccination f~r sm:.~llrt'' t p.:r t~~&~,iun) 
Livin~_:: for I year UU\o\0\lr,am or ;1. d&~nl (c;.,kulatcJ) 

Cosmic rdy rislr..~ 

One: tr:d:nsc"ntincntal fti~ht}car 
Airline pil"t ~U hr m"nth at 35.000 ft 
Frcqu('nt a.irlinl! pa~~en~er 
One summer I~ mt'nthsl campmg at 1~.000 feet 
Livin~; in Denver compared to ~c"' York 

Other radi:Hion risks 
Avrra~;e L'.S. dia~nostiC medical X nays 
lncreas~ in ri~k from li' ing in a brick building (with r•dioacti,·c 

bricks} compared lO "'O~o."~d 

l'atural background at s~e k,·d 

Eating and drinking 
One diet soda (saccharin! 
Avcr.l£C: U.S. saccharin con~umpti0n 
<4 tb peanut butter da~ ·laftato,inl 

One pint mil~ rer day laft<:iiO,inl 

Miami or ~c\lro Orleans drinlm£ \lroatC'r lchlorororm) 
IrS lb charcoal broilc:d ~t~:.ak oncc a v..cd, (bcnzop)rcnc) (cancer 

risk only: heart att:~ck, ttc. additional) 
Alcohol 

A VC'T4~cd over snt('lkcrs and nonsmokers 
Light ~rinler (one t>cer·~a)") 

1"obacco 
Smoker 

Cancer only 
All dfc:ct\ (includint heart di\c .. sc) 

Pcr~on in room v.:ith ~m..,~cr 

Milloccii:Jncou\ 
Ta..lin& contro.cq.,livc pilh rq:uloo~rly 
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1.27~ 

1.!118 
2,991 
1.157 

16.339 
IC.O 
118 
90 

30.000 

Risk.'ycar 

5 X 10"' 
5 X 10"' 

Ux 10-• 
to-• 
ro-• 

to·• 

5 )( lo-• 

I.Sx 10-• 

JO-· 

2 X w-• 
• X 1o·• 

10"' 
1.~ )( w-· 

4 X 1o·• 

5 )( 1o·• 

2 )( 10"' 

1.2 X 10·> 
3 )( 1o·• 

JO·• 

~ X lo·• 

Risl:rur 

2.2 'K 10"' 
4 X 1o·• 

1.2 )( 1o·• 

1.6 X 10-• 
~ X ro-• 

3 X ro-c 
ro-• 

6 X 10 ... 

7 X 10 .... 

1.~ X 10"' 
5 X 10 ... 

7.7 X lo-• 

5 X 10-' 
~ X 10 : 

~ K 1o·• 

Ux 10"' 
3 K 10"' 
3 )( 10·· 
5 X 10 ' 

Estima1cd 
unccrtflint~· 

(factor or)) 

3 
3 
3 
3 
3 

3 

3 
3 

10 
10 

) 

) 

5 

10 

3 
) 

3 
) 

10 

10 



In almost all discussions ox quantitative risk evaluation mortality 

risk is used to estimate tolerable risk. One might question how to 

proceed ix exposure to toxic agents could produce an efxect other 

than death. Mortality was used by Starr and others as a measure ox 

risk because the.statistics are easily obtained. Tolerable risk xor 

consequences other then death will surely be higher; therexore, a 

tolerable annual mortality risk level ox 10-6 would provide a lower 

bound for tolerable risk and will introduce a measure ox conservatism 

ix used xor all general population environmental exposures. 

An annual mortality risk ox 10-6 translates to a 1ixetime risk of 7 

x 10-5 assuming 70 years of continuous exposure and simple 

additivity of risk over the entire period. Considering the admitted 

crudeness of Starr's calculations, the criticisms ox the exact 

quantitative relationship (minor at the low risk end ox the curve>, 

the variable nature ox tolerable risk xor individuals within the 

general population, and the need to avoid overestimating tolerable 

risk, it would seem an appropriate value of tolerable lifetime 

general population mortality risk should be about 10-5 . 

. Recommendation 

Reexamination of the tolerable risk issue has revealed no new 

inxormation that changes the conclusions of HRA's 1981 report. 

Therefore, the Minnesota Department of Health recommends the 

continued use of a lifetime tolerable risk level of 10-5 as a basis 

for action regarding nonthreshold agents. 
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PROPOSID AMBIENT GROUND m!R QUALITY: HINETIITH HEALTH DEPT. KIDJAH H!H£rl!1H PROPOSED 
iUUS, PT. 190 I RECOHHEIIDED AHBIEHT me miLE GROUND NUMBER mcm 
1035.2815, HEAH HEDIAH PERC!NTJL! ALlOWABlE QUALITY AHBIKHT mu 01 SAMPLES 01 SAMPLES 
SUBP. 1(1), DfTECT!OH NUMBER CDHC!ll· COIIC!ll· LIKIT I RAL) AS A \ Of QUALITY QUALITY !!CEEDIHG mmiiiG 
SUBITU LIKIT 01 IIUHBER TRATION TRATJON (DRINKING RAL' S AS A \ 01 STAIIDARD PROPOSED PROPOSED 
WUMBII: SUBSTANCI (UG/L) SAHPlES DETECTED (UG/L) ( UG/L) WATER) (PER CfliT) RAL' S (UG/L) STAJIDARD STANDARD 

-------.----. ·--- ·-----------------------------------------------------.----.-----------------------------------·I UG/ L)---- .. ---.- ---- I p KR CEIIT I --.-.--.---------.----.--... -- ... --. 

Acrrlulde --- --- --- --- --- 0. I --- --- 0. 021 
Acrylonltrlle --- --- --- --- --- 0. 6 7 --- --- 0.17 
Alachlor --- --- --- --- --- 10 --- --- 2.1 
Aldlmb --- --- --- --- --- 9 --- --· 2.l 
Aldrin --- --- --- --- --- 0. OJ --- --- 0.0071 

' Allyl cblorlde 0.5 200 0 NO NO 19.1 <1.1 <!.7 l.l5 0 
1 lmnlc 1.0 118 78 MD 1.1 10 ( 1 I 0. 8 12 .I 11 
I Asbestos: aedlua and long (greater than --- --- --- --- --- 7100000 --- --- 1800000 

to alcrou) flbm per llta 
I Blrlua 5.0 361 3 52 66 200 1 sao 1.1 13.3 J 7 5 1 

10 Benzene 0.6 20 0 HD liD !2 <5 <I 3 0 

II Bls( 2 -chloroetbyl) ether --- --- --- --- --- 0. 31 --- --· 0. 078 
12 Ciddu. 0.01 498 357 0. 019 0 .II I 0.1 2. B 1.25 
II Carhofunn --- --- --- --- --- J 6 --- --- 9 
II Carbon. tetmhlorlde 0. 2 228 0 ND liD 2. 7 <1.1 <7 .I 0. 67 0 0 
II Chlordane 0. 1. 35 0 HO NO 0. 2 2 <15.5 ( 15. 5 0. 05 5 0 0 

16 Ch lorobenme (aonochlorobeome I 0.5 128 0 NO NO 60 <0. 8 ( 0. 8 11 0 0 
II Chlorofon 0.2 2 2 8 . 8 NO NO 5 <I ( l l.l 3 1 
l8 Cbroalu1 0' 5 197 201 HD 1.6 120 <0.1 1.3 30 1 0 
19 Copper 0.5 361 JIB 1.1 II 1300 0.6 l.l 321 1 0 
20 DDT 0. 09 jJ 0 NO NO 1 <9 ( 9 0. 2 5 0 0 

21 Dlbroaochloropropane (DBCP) --- --- --- --- --- 0. 2 5 --- ·-- 0.063 
22 l,l·Dlbroaoetbane jlthylene dlbroaide, !DB) 0.7 200 0 NO NO 0.008 <8750 < B 7 50 0. 002 0 
23 1,2-Dicblorobeome (ortho·) 1.2 213 0 NO NO 610 <0.1 ( 0. 2 150 0 
21 l,l·Dlcblorobeozeoe jaeta-) -1.2 213 0 NO NO 620 <0.1 ( 0. 2 150 0 
2S 1,1-Dichlorobenme (pm-) 1.2 113 0 HD NO 71 <1.6 <1.6 18.8 0 

26 Dlch lorobenzld!De --- --- --- --- --- 0 .11 --- ... 0. 012 
21 I, 2-Dichloroethm 0.1 12 8 6 HO liD l.9 ( 5. 3 ( 1.3 0. 91 0 
18 I, 1-Dlchloroethyleoe 0.1 2 2 8 1 HD NO 7 ( 1. 9 ( 1. 9 1.8 0 
21 1,2-Dlchloroetbyleoe (ell·) 0.2 200 3 NO liD 70 ( 0. J <U 17 0 
30 I, 1-Dlchloroetbylm 1 trans-1 0. 2 128 1 HD liD 70 ( 0. 3 <0.3 17 0 

. ' a l _ , . ........... 
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PIOPOSID AHB!!H7 GROUIID VATER QUALITY: NINETIETH HEALTH DEPT. NED IAN HIHE'rJETH PROPOSED 
lULlS, PT. {90 I RECOMNEIIDiD AMBIENT PiRCiHT!Li GROUND HUMBER mcm 
7015.18!!, NEAH KED IAN PERCENTILE ALLOWABLE QUALITY AHBIENT WA'r!R OF SAMPLES 01 SAMPLES 
SUBP. 1{1). OiT!CTIOH HUMBER COHCiH· COliCiN- LIMIT {RAL) AS A \ or QUALITY QUALITY mmiNG mmiNG 

SUBITI« LIMIT or HUMBER TRATIOH TRATIOII {DRIHK!IIG RAL' S AS A \ OF STAIIDARD PROPOSED PROPOSED 

NUKBIR: SUBSTANCE I UG/LI SANPL!S Dmcm {UG/L) I UG/LI WATER) {PER C!IIT) RAL' S {UG/LI STAUOARD STAIIOARO 
• ··- • • • • • • -· • • ·- •••• ·- •••• • • -----·-········· --- ·--- • • • • ·-- • • • • ·------- ------------ • • ··---- • ·-- ·--- • • • • · ·--- ---- • -{ UG/ L )-------------- • I PER CEIIT) • · ·- • • · ·- • • · •• • • • • • · • · · • • • • • ·• • • · ·- • 

ll Dlcblormtbane !•ethylene chloride) 1.0 2 2 8 2 5 HD 1.1 l8 <2.1 2 .l I2 0 0 

32 2,1-Dichlorophenoiyacetlc acid {2,1-DI 0 .II 16 B HD !.1 70 <0.2 2. 0 I7 0 0 

ll l, 2 ·Dl chi oropropane 0.2 2 2 B 0 HD HD 6 <J.l <) .l 1.5 0 0 

31 DleldrlD . . . . . . . .. ... --. O.OI . .. --- 0.0025 

ll 2, I·Dlnltratal uene ... ... . . - --- .. . !.I ... -- . 0. 27 

36 Dlphenylhydmlne -.. -.. . . - --- --. 0.15 ... .. - O.Il 

ll lplch!orohydr In ... . -. . -. . .. ... ll .I . . . . .. 8.9 

38 lthylbenme 0. 6 2!3 0 ND HD 680 ( 0. I ( 0. 1 170 
l g Heptachlor ... . .. --- ... -- . 0.1 .. - ... 0.025 

10 Heptachlor epollde --- ... -.- --- --- 0.006 --- .. - O.OOI5 

II aeuchlorobenzene ... --- .. - . -- . .. 0.2I . -. ... 0.053 

12 Reuch 1 orobu tad i e oe . . . . -. ... . .. . -- 1.1 --- -.. !.I 

ll Hencblorocyclohmne I alpha·) ... . .. . . - --- . .. O.Ol . .. -- . 0.0075 

II Heuchlorocyclohuine {beta-) ... --. .. - --- . -- 0.19 .. - .. - 0.017 

IS Hemblorocyclobeme l9aa11 ·I ( L iodane I .. . . . . . .. .. . -.. 0.1 .. - --. 0. 05 

16 Hemb 1 orod !benz od I o1ID . . . --. -.. --· . . - 0.00006 ... ... 0. 000015 
11 Hench loroethaoe ... --. --- -.. . . . 24.6 ... . .. 6. 2 . 
18 Lead 0. 2 199 112 0.9 1.1 20 u JU 5.0 li II 

19 Mercury 0.1 ISS 219 0.12 0.12 l 1.0 II. 0 0. 71 9 1 
10 Methyl ethyl ketone 5.0 213 0 ND HD 112 <2.9 ( 2. 9 I J 0 0 

Sl Metboxycblar --- -.. ... --- .. - 310 --- ··- 85 
12 Mickel U· l96 121 NO I. 3 150 <1.1 3. 5 38 0 
53 11trate 10 Hl 168 JO 8100 10000 0 .l 81.0 2 5 00 151 20 

II Kltrlte 10 299 77 NO 30 1000 (I J. 0 250 5 2 
55 I·Hl tmodhetbyluloe ... --. .. . --- -.. 0.011 -.. --- 0. 00 31 

56 M·Ml tro&adlpbenylnlne --. --- ... --- --- 11.1 --- . --- . 11. 8 

s 1 Total carcloo9eoic polynuclear aroaat1c ... ... ··- -.- --- 0. 028 .. - --- 0. 007 
hydrocarbon& IPAHI 

sa Polycblorloated blpbeoyli {PCB'£1 ... -.. --- .. - . -. 0.08 . .. . .. 0. 02 
59 Pen tachloropbeool . . . -.. . . - -- . ... 2 20 --- --- 55 
iO selenlua !.0 J6I 96 ND 2.8 15 ( 2. 2 6. 2 ll 

lEt~~ -~~?.t .:~~ ·?·r~ · -~~- ·:;: !1 .. ·u: J/ ;·t>~~~t~ _, . ./ J~~ i~~; ~~"'.. --



PROPOSED AHB!KNT GROUND WATER QUALITY: NlNKTI!TH HHALTI! om. HiDIAH mmm PROPOSHV 
IUUS, PT. 19 o I RECOKKEIIOEO AKBIEIIT PERCEIIT!LI' GROUND NUMBER PERCENT 
70Jl.l8ll, HI AN KiD IAN PHRCHNTILH ALLOWABLE QUALITY AHB!HNT ·WATER OF SAMPLES OF SAMPLES 
SUBP. Ill), 0£TECT lOll NUMBER CDIICEN· coNm- LIHI'I IRAL) AS A \ OF QUALITY QUALITY .UCE£0ING !ICEEDING 
susmK LIMIT OF IIUHBER TRAT!ON TRATION /DRINKING RAL' S AS A \ 01 STANDARD PROPOSED PROPOSED 
MUKBII: ·sus sum IUG/LI . SAMPLES DETECTED IUG/LI . I UG/L) iATERI /PER CENT/ RAL Is . IUG/LI STAIIDARD STANDARD 

---------.--- ••• --- ••••••• ---- ----······· ••••• ----------------.---------.-------------------.-------------------·I UG/ L 1--------.--.--- I pER CENT I ----------.---.------------.--------

61 styrene 1.0 17 0 HD NO 110 <0.7 <0 .1 31 ' 
62 2, l, l, 8 -Te trachlorodibeozo-p-dlozi o I·TCOD I --- --- --- --- ·-- 0.000002 --- --· 0. 0000001 
03 l, 1, 2, 2-Tetrachloroetbaoe 1.0 200 0 ND HO l. 71 <111.3 <111.3 O.H 0 
61 Tetrach loroetby I ene 2.0 2 2 8 0 NO NO 6.9 ( 2 9 ( 29 1.7 0 
65 Toluene 0.6 213 2 NO NO 20 00 <0.03 <0.03 100 0 

66 Touphene 0. 09 ll 0 NO NO 0.3 < 30 <30 0.071 0 
61 1, l, l-Tr 1 cbloroetbm 0.2 2 2 8 0 HO liD 200 <0.1 <0.1 10 0 
68 I, I, 2-Tr lch loroetbaoe 0.2 22 8 1 NO' NO 6.11 <3.3 <J.l 1.5 0 
19 Trlchloroetbylm 0.2 228 3 NO 110 31.2 <0.6 ( 0. 6 7.8 0 
10 2, I, 6 -Tr lcb loropbenol --- --- ... ·-- ·-- 17. 6 ·-- ... 4.4 

11. 2,1,1-TP ISilvex) 0. 01 46 9 NO 0 .I 3 12 <0.03 0.8 13 
7 2 VInyl chloride ... --· --- --· --- 0. II --- ... 0. 037 
13 Iylene . 0. 6 213 I NO NO 440 <0.1 <0.1 110 

I OTIS: 

»D Non-detectable 

include& data collected 1978 through 1981 for all aooltored aquifer~. Source of information on Minnesota a1blent ground water concentrations: 
~Sabel, Gretcben, 1981, Ground Vater Quality Kooitor·ing Progran: .An Appraisal of Minnesota's Ground Vater Quality, 1981, Minnesota Pollution Control Agency, .Division 
of Solid and Hazardous waste, and •ore recent retrievals fro1 the STORHT aauient ground water quality data base • 

.._ • 1- .._ • • . 
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Appendix XIII 

Probability of Facility Design Being Exceeded One or More Times During 
the Active Life of the Facility 

RAINFALL EVENT 
Facility 
Active LifE 
(Years) 1 year 10 year 25 year 50 year 100 year 

1 1 .10 .04 .02 .01 

5 1 .41 .18 .10 .05 

10 1 .65 .34 .18 .10 

20 1 .88. .56 .33 .18 

30 1 .96 .71 .45 .26 

50 l .99 .87 .64 .39 

J, or more = 1 - (1-p) N* 

where: 

J, or more = probability of the facility design being exceeded one or more 
times during the active life of the facility 

P = average probability of occurrence 
N =active life of facility in years 

*From: Linsley, Ray Jr., M. Kohley and J. Paulers, 1975, Hydrology For 
Enoineers, McGraw-Hill Book Company, Page 350. 
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ANALYSIS OF DESIGN PARAMETERS AFFECTING THE 
COLLECTION EFFICIENCY OF CLAY LINED LANDFILLS 

Peter Kmetl, Kenneth J. Quinn2 and Cynthia Slavik3 

Abstract 

A recent development in the analysis of clay lined landfills has been the 
derivation of an analytical model by Wong (1977) to determine leakage 
from these sites. In the course of reviewing Wong's equations it was 
discovered that certain simplifying assumptions and an error made in the 
derivation could lead to erroneous results. The equations are modified 
to cover a ~1ider range of conditions and corrected to include porosity. 
The assumptions used in the derivation are qualitatively discussed and it 
is concluded the model is a reasonably valid representation of a clay 
lined landfill. A sensitivity analysis for key parameters shows that the 
difference in the hydraulic conductivity of the liner and the material 
overlying the liner is the most criti·.i't Jesign parameter. A new method 
for determining the initial leachate head for use in the model equations 
is presented. The sensitivity analysis is utilized to develop limiting 
values for each design parameter as well as an optimal overall design 
based on the principle of minimizing leakage; 

Introduction 

A primary objective in the design of sanitary landfills or secure 
hazardous waste disposal sites is the protection of groundwater quality. 
Numerous studies have shown that sand and/or gravel soils do not provide 
the necessary degree of groundvn:ter protection for major landfills in a 
humid climate such as that which exists in Wisconsin (Kirrcnel and Braids, 
1980; Johnson and Cartwright, 1980; Gerhardt, 1977; Shuster, 1976). Thus 
it has been a commonly accepted design practice to locate landfills in 
areas of natural clay deposits whenever possible. However, in many 
instances a landfill site with an extensive natural clay deposit is 
unavailable due to local geologic conditions or political climate. In 
these instances a fairly·common design concept utilized is the 
modification of an otherwise unsuitable site by installing a groundwater 
protection system. This system generally consists of a natural clay 

1. Environmental Engineer, Bureau of Solid Waste Management, Wisconsin 
Department of Natural Resources. 

2. Hydrogeologist, Bureau of Solid Haste Management, Wisconsin 
Department of Natural Resources. 

3. Environmental Engineer, Southeast District Water Quality 1·\anagernent 
Wisconsin Department of Natural Resources. 

Presented at the Fourth Annual Madison Conference of Applied Research and Practice 
on Municipal and Industrial Waste, September 28-30, 1981, UW-Extension, ~~dison, WI 
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liner and leachate collection pipe network at the base of the landfill. 
The purpose of this system is to intercept and remove l.eachate prior to 
it entering the groundwater flow system. The design of these systems is 
often based on rules of thumb, opinion, regulatory experience o 
otherwise justified criteria upon which few experts in the field agree. 
Recently, the efficiency with which these systems actually collect 
leachate has also been questioned (Johnson and Cartwright, 1980). 

One promising development in the design of these systems has been the 
derivation of an analytical model by Wong (1977) to determine the 
collection efficiency (and hence leakage) of a clay liner as a function 
of several key design parameters. To the authors' knowled9e Wong's model 
is the only set of- analytical equations specifically derived for this 
purpose. 

This paper examines the Wong model in detail to provide additional 
insight in its application to landfill design and the factors affe:ting 
the collection efficiency of clay lined landfills. 

Equation Derivation 

A schematic diagram of the \-long model and the key design parameters it 
incorporates are shown in figures l and 2. The model is based on a liner 
configuration consisting of a series of broad corregations or ''v'' shaped 
notches sloped to facilitate drainage of leachate to collection pipes for 
removal. The collection efficiency and leakage are expressed as a 
function of liner slope, liner thickness, leachate head, leachate flow 
distance and the ratio of the liner's saturated hydraulic conductivity 
(permeability) to that of the material overlying the liner. The 
derivation of the model equations can be found in Appendix A of Wong's 
article and will not be repeated 11ere. The key equations utilized for 
the analysis in this paper are as follows: 

The percent leakage of leachate through the liner: 

OL (<;,) =(1 + d/cos e) .l_ [e-k(t/tll (-k + k(t/tll + 1) + (k - 1)] x 100 
h0 k 

The time it takes for the trailing edge of the leachate volume to drain 
to the collection- pipe: 

The time it takes for the leachate volume to leak through the liner: 

t2 = t1/k ln (1 + ~____j 
(d/COS e/j 

( 2) 

( 3) 
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Figure l. Typical clay liner cross section 

Figure 2. Wong model geometry 
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A simplifying constant: 

lc = _s~- ~ cot.e ( 4) 

The head on the liner at time t: 

h = h0 c + d/~~s e) el-lct/tl l- d/~~s a ( 5) 

The length of the saturated volume at time t: 

s = s0 (1 - t/t1 ) ( 6) 

The symbols in these equations are defined at the end of this paper. 

A comparison of these equations to those presented by Wong will reveal 
three differences which need explanation. 

The liner thickness has been corrected for slope by substitution of 
d/cos e for d. Since the liner thickness is measured perpendicular to 
the slope, the term d/cos e represents the vertical flow distance through 
the liner. This substitution is necessary only for cases of substantial 
liner slope, as recognized by Wong. For shallow liner slopes (generally 
those less than 10 d~grees) the above equations can be simplified by 
substitution of d for d/cos e. · 

The term ( -k + lct/t1 + 1) has been included in equation (1). This term 
was dropped by Wong in the final integration. This term is necessary for 
cases when the time for the trailing edge of the leachate volume to drain 
to the collection pipe is greate. -.. ~ .. the time it takes for the head to 
dissipate throygh the liner (tl > t2l· This will occur for 
inefficient de~igns only. 

Lastly, the term porosity (0) has been added to the numerator of the 
equation for t1. This is perhaps the most significant modification to 
the Wong equat1ons. The need for incorporating porosity was not 
recognized in the original article. Incorporation of porosity in the 
equation for t1 is necessary since the derivation of the equation 
begins by changing the discharge term in Darcy's lav1 to the chan£!e in 
saturated volume through time. The derivation of the equation for t1 
is presented in the appendix at the end of this paper. A careful 
examination of the equations will reveal that the porosity cancels out of 
the equation for liner leakage and.thus·does not directly affect the 
value calculated. However, its use is important in obtaining values for 
t1 and t2. These values are necessary for determining the time for 
complete system drainage and are used to determine the initial leachate 
head level as discussed later in this paper. Thus the use of porosity 
does indirectly affect liner leakage through affecting the leachate head 
1 eve 1. 
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Equation Assumptions 

There are a number of simplifying assumptions used in this model. The 
assumptions and a qualitative discussion of their validity follows. 

1. The assumed liner configuration is that in figures 1 and 2. 

Construction of a liner in this manner is readily achievable provided the 
dimensions are reasonable. Two recently constructed landfills in the 
State of Wisconsin have a. nearly identical configuration to that assumed 
in the model demonstrating it is achievable in the field. Obviously not 
all landfills are designed in this configuration but it should still be 
possible to divide up most landfill designs into discrete segments so 
that the model can be applied between collection pipes. When doing this, 
caution is advised to insure the other assumptions in the model are not 
violated. 

2. The site is above the ~;ater table so that no pore pressure exists 
below the liner to reduce the leakage rate through the liner. 

This is a valid assumption for most lined sites since they are usually 
designed with the liner above the water table to avoid construction 
difficulties. Should the water table unexpectedly rise after 
construction or the clay liner be designed for a saturated clay 
environment (zone of saturation design) the model should provide a 
conservatively high estimate of leakage through the liner. 

3. The leachate collection pipes are in a free draining condition. 

This is a valid assumption provided the pipe network is designed to 
gravity drain to a tank exterior to the landfill and provided the 
collected leachate is routinely removed for treatment. Failure to remove 
accumulated leachate will increase the head on the liner and consequently 
the leakage through it. 

4. All materials are at field capacity so that any infiltration of 
precipitation into the refuse results in gravity drainage to the 
bottom of the site. 

For humid climates this is a valid assumption provided the model is not 
applied to a newly constructed landfill. The time required for the 
refuse and liner to reach field capacity can be theoretically determined 
(Fungaroli 1971, and Moore 1980). Although theoretical methods 
hypothesize that it would be several years before the system reaches 
field capacity, experience with clay lined sites in Wisconsin has 
indicated that a significant quantity of leachate is generated wi~hin 1-2 
years of beginning site operation. A liner will start to show evidence 
of now through it at about the same time. These observations suggest 
the liner and bottom layers of refuse reach field capacity much faster 

·than anticipated by theoretical calculations, supporting the validity of 
the model for predicting leakage relatively early in site life. 
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5. An instantaneous head of leachate appears on the liner. The instant 
it appears it begins to drain to the collection pipes and leak 
through the liner. This continues until the total volume is 
discharged before another event occurs. 

If one considers the "instant" begins when the head has built up to a 
maximum level and there is no infiltration during the drainage, then this 
assumption is reasonable. Water balance analyses for landfills in 
Wisconsin generally show that a majority of infiltration occurs during a 
relatively short portion of the year in spring and early summer. Since 
it may take several months or years for this infiltration to completely 
drain (from equation (2)), on a relative basis, it could be considered an 
instantaneous event. However, because of the time delay for drainage to 
occur several infiltration events may be superposed on the liner. This 
obviously violates the third part of this assumption and is a weak point 
of the model. A method of handling a series of infiltration events is 
discussed by Wong. A modification to that method is presented later in 
this paper. The sensitivity analysis in this paper assumes a single 
infiltration event. 

5. The leachate saturates a rectilinear volume above the liner and 
retains this shape with the dimensions proportionally decreasing 
until the total volume is discharged. 

Variations to the rectilinearrshape can b~ evaluated using the Dupuit 
assumptions. Using this method Wong demonstrates that the rectilinear 
shape is a valid assumption provided the saturated length is at least 30 
times the saturated height. Considering that for most landfills the 
ratio of the typical flow distance to the anticipated leachate head 
buildup would be· much greater this assumption appears reasonablP It 
should be noted that the assumpti..,:. ~f a rectilinear shape resu·l ts in a 
greater head on the liner than that predicted by the Dupuit assumptions· 
and this should result in a conservatively high estimate of leakage. 

7. The sand b 1 anket overlying the 1 i ner has the same hydraulic 
conductivity and porosity as the overlying refuse. 

The materials used for a sand blanket could exhibit a wide range of 
hydraulic conductivity and porosity depending on the soil texture and 
density.· In Wisconsin, such blankets are generally specified as clean 
sands and/or gravels with measured hydraulic conductivities within an 
order of magnitude of 1 x 10-~ em/sec (DNR files). This is consistent 
with values reported in the literature (Hough, 1969; and Davis and 
DeWiest, 1966). Typical values for the ~orosity of loosely compacted, 
clean sands and gravels reported in the literature are in the range of 
0.30 to 0.50 (Lutton, 1980; Hough, 1969; and ·David and DeWiest, 1966). 

The hydraulic conductivity and porosity of municipal refuse is even more 
variable depending on the waste composition, density and stage of 
decomposition. Its hydraulic conductivity has been reported as ranging 
from 1 x lo-2 to 1 x lo-5 em/sec (Hughes, 1971; Fungaroli and 
Steiner, 1979) with a majority of the measurements withi'n an order of 
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magnitude of 1 x 10-3 em/sec. Porosity data is more limited with 
values reported in the literature up to 0.79 for loosely compacted refuse 
(Hughes, 1971}, but more 1 ikely averaging around 0.60 (L.A. County, 
1973}. As can be seen from a comparison of these values to those above 
it is clearly possible that overlying refuse may not have the same 
properties as the sand blanket. For cases where the leachate head is 
less than the sand blanket thickness this difference is of little 
consequence as the sand blanket will control horizontal flow.' For cases 
of higher head the situation can·be handled by prorating values for 
hydraulic conductivity and porosity based on the relative saturated 
thickness of the sand blanket and refuse. Caution is advised in 
prorating values, however, since they will vary as a function of the 
leachate head until the head drops below the refuse~sand interface. A 
simpler method would be to assign a K1 value from the material with the 
lowest hydraulic conductivity and a~ value from the lowest porosity 
material. This will result in a conservatively high estimate of the 
percent leakage anticipated. 

The difference between the refuse nnrl ~~nd .blanket properties may not be 
as great as the above ranges indicate. A majority of the hydraulic 
conductivity values for refuse and sand typically fall within an order of 
magnitude of 1 x lQ-3 em/sec. Refuse porosity data is very limited and 
not from field situations where overlying refuse may decrease the 
porosity of lower layers substantially. The sand blanket and lower 
layers of refuse may become partially clogged due to transport of fines 
from overlying refuse or biological activity within the materials. In 
such cases the hydraulic conductivity and porosity of the refuse and sand 
blanket may approach the same (lower} value. The validity of this 
hypothesis needs to be verified by careful monitoring of the performance 
of active landfills. For the sensitivity analysis later in this paper it 
is assumed the refuse and sand blanket have the same porosity and 
hydraulic conductivity. 

From this qualitative discussion it can be concluded that the assumptions 
used in the model are reasonable and that this model is a reasonably 
valid method for predicting the collection efficiency of a.clay lined 
landfill. It is important to note however that although the model does 
include several design parameters it does not consider variations from 
design criteria during site construction and operation, the leachate's 
effect on the refuse, sand blanket or clay liner properties, and the 
attenuative capacity of the liner soils and underlying soils and 
groundwater flow system. Thus, the model does not predict the ultimate 
impact of a clay lined landfill on grouDdwater quality nor is it the 
intent of this paper to address that issue. 

Example Calculation 

To demonstrate use of the Wong equations the following example is 
presented. 
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Given: Assumed liner configuration in figures l and 2 

Cl a.y 1 i ner: 

Sand blanket: 

thickness (d) = 5 feet 
hydraulic conductivity (K2l = 1 x l0-7 em/sec 
slope (e) = 1 percent or 0.573 degrees 
maximum flow .oistance "' 100ft. 

thickness = 2 feet 
hydraulic conductivity (K]l = 1 x l0-3 em/sec 
porosity (0) = 0.40 

Applied leachate: Initial length (s 0 ) =100ft. 
Initial head (h 0 ) =2ft. 

Step 1: Using equation (4), k = 0.20 

Step 2: Determine the controlling time for the leachate head to 
di ssi pate. 

Using equations (2) and (3), t1 = 3.87 years anc1 t2 = 6.51 years. 
Since t1 is less than t2 the controlling time (t) for equation (1) is 
equal to t1. This r1eans the applieri leachate head v1ill flow to the 
collection system prior to completely riissipatin~ through the liner. 

Step 3: The percent leakage calculated using equation (1) = 33~. 

Sensi ti vi ty Analysis 

As previously discussed, the Wong model expresses the percent leakage as 
a function of several· key design parameters. By assigning a value for 
each parameter it is relatively ea~y to calculate the percent leakage for 
a given design using this model. Through the following sensitivity 
analysis one can also begin to exa.Hine the effect of variations to the 
given design. 

The analysi·s begins by considering each parameter's effect on liner 
leakage as a function of the liner thickness. The liner thickness was 
chosen as the independant variable since it is probably the most costly 
variable and as such may be the most controversial parameter. Secondly, 
the effect of varying each· parameter on liner leakage is examined by 
holding the liner thickness constant at 10 feet. A 10 foot thickness was 
chosen because this represents a condition where thickness is approaching 
infinity and leakage is relatively insensitive to changes in thickness 
for nearly all examples. 

Figures 3 through 10 vary each design parameter from a basic design using: 

s0 = l 00 ft. 
e = 1 percent or 

0.573 degrees 

h0 = 2 ft. 
K2/Kl = l X lo-4 
(d) =variable 
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Hydraulic Conductivity Ratio 

The effect of changing the ratio of the hydraulic conductivity of the 
liner to the material overlying the liner (K2/K1) is illustrated in 
figures 3 and 4. Intuitively, one can expect that as this ratio 
decreases (i.e. as the difference in hydraulic conductivity between the 
liner and overlying sand blanket increases) more leachate will be 
collected. This is confirmed by figure 3 where it can be seen. that for a 
given liner thickness, a decrease in this ratio from 1 x l0-3 to 
1 x lo-5 reduces leakage S4bstantia11y. This relationship is true for 
all liner thicknesses, with the greatest change in leakage occurring at 
greater liner thicknesses. 

The effect of liner thickness can be eliminated by exam1n1ng the leakage 
at a given liner thickness. This is done in figure 4 where the percent 
leakage is plotted as a function of the hydraulic conductivity ratio for 
a liner thickness of 10 feet. From f1gure 4 it can be seen that an 
increase in this ratio beyond 1 x 10- results in little change in 
leakage. At these ratios the line1 JnJ ~and blanket are of nearly the 
same permeability resulting in very inefficient designs with nearly 100% 
leakage. Similarily, a decrease in this ratio beyond 1 x 1o-5 results 
in little change in leakage. These ratios represent a very efficient 
design with nearly all lea~hate being cgllected. However, a change in 
this ratio between 1 x 10- and 1 x 10- results in a dramatic change 
in the percent leakage. 

The significance of the shape of this curve becomes evid~nt when one 
considers that a "typical" design may provide for a clay liner with a 
hydraulic conductivity of 1 x lo-7 em/sec and a sand blanket with a 
hydraulic conductivity of l x lo-3 em/sec, resulting in a ratio Jf 
1 x lo-4. These hydraulic,conductivities could easily vary by a half 
order of magnitude during construction as· a result of borrow sources 
quality control, uneven compaction or testing variability. Even greater 
changes in these hydraulic conductivities may occur through time due to 
reactions between leachate and the sand blanket and clay liner. Thus, it 
is clear that the hydraulic conductivity ratio is an-extremely sensitive 
design parameter. 

Slope 

The effect of changing the slope of the clay liner is illustrated in 
figures 5 and 6. Intuitively, one can expect that as the liner slope 
increases the leachate will flow to the·collection system faster and less 
leakage will occur. This is confirmed by figure 5 which shows that for a 
given liner thickness, an increase in slope results in a decrease in 
leakage. This is true for all liner thicknesses, with the greatest 
change in leakage occurring at greater liner thicknesses. 

Figure 6 expresses leakage as a function of liner slope for a liner 
thickness of 10 feet. From this fiaure it can be seen that for liner 
slopes of less than·2% the amount of leakage rapidly increases. Liner 

·.·, 
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slope increases to 5% provide additional reductions in leakage. Liner 
slopes greater than 5% in this case provide little additional benefit of 
reduced leakage. 

F1 ow Distance 

The effect of changing the leachate flow distance is illustrated in 
figures 7_and 8. As one would expect, the percent leakage decreases as 
the flow distance decreases. Figure 7 shows that this relationship holds 
true for a11 liner thicknesses. Figure 8 expresses leakage as a function 
of flow dHtance for a 1 i ner thickness of 10 feet. From this figure it 
can be seen that, unlike the other parameters, there is no apparent point 
of diminishing return for decreasing flow distance. This is because the 
change in leakage is linear with respect to flow distance for distances 
up to 150 feet. Thus, for a decrease in flow distance under 150 feet 
there is a corresponding large decrease in leakage. For flow distances 
greater than 150 feet the percent leakage asymptotically approaches 100% 
leakage with flow distances of greater than 400 feet resulting in little 
additional increase in leakage due to the system inefficiency. 

Thickness 

The effect of changing liner thickness is illustrated in figures 3, 5, 
and 7. These figures provide a basis for examination of the effect of 
thickness on liner leakage under a wide variety of possible designs. As 
one would expect, as the liner thickness increases, the percent leakage 
decreases. From these figures it can also be observed that for 
inefficient designs the percent leakage is rel·atively insensitive.to 
change in liner thickness, apparently because the other controlling 
parameters override its significance. However, for efficient designs the 
effect of liner thickness is clor.~lv evident. For all these cases a 
liner thickness of less than 2 feet generally results in a sharp increase 
in leakage. As liner thickness is increased to 4 feet there is a 
correspondingly large reduction in leakage. A thickness of from 4 to 6 
feet appears to be a point of diminishing return for increased efficiency 
as substantially greater thicknesses result in only a minor reduction in 
leakage. 

Initial Head 

As shown above the liner efficiency is dependent primarily on controlled 
design parameters (K2/K1, 50 , 8) of the liner system "itself. 
However, the initial head, which is determined by climatic and other 
landfill surface features controlling percolation, is an important 
variable as well. 

The initial head on the liner is a particularly difficult parameter to 
deal with in a sensitivity analysis due to the inverse relationship 
between the head and leakage. This relationship is shown in Figures 9 
and 10. One would expect that as the head increases the amount of 
leakage increases. A first glance the larger percent leakage for smaller 
initial head shown in Figure 9 does not seem accurate. It can be 
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explained that the small initial head corresporyds to a small initial 
volume. When the leakage is expressed as the volume leaked divided by 
the total initial volume the percentage is quite high. Yet, the actual 
volume leaked for a large initial head is substantially higher than that 
for a small initial head. This is shown in Figure 10 where the leakage 
is expressed as a volume rather than a percentage. As an example, for a 
liner thickness of 5 feet and all other parameters being equal, in Figure 
9 if the leachate head is changed from 2 feet to 10 feet the percent ' . leakage decreases from 33% to 14%. However, F1gure 10 shows the volume 
of leakage actually increases from 33 cf/ft to 70 cf/ft. Thus, the 
i ntui ti ve conclusion is supported by this figure. 

Figure 10 also demonstrates that the total volume leaked from sites with 
a low head is insensitive to the liner thickness. However, if the head 
is allowed to build up through the failure of a collection line or 
excessive recirculation, the volume leaked (Figure 10) and the efficiency 
(Figure 9) is very sensitive to the liner thickness. 

The Additive Redistribution Method for Estimating h0 

The sensitivity of the Wong equations to the initial height of the 
leachate head on the liner has been shown in the preceeding section. The 
sand drainage blanket design is also dependent on the maximum head 
expected' to be developed on the base of the liner (Moore, 1980). 
Therefore, the effort-expended to determine the head on the liner should 
result in a much better evaluation of the liner design. 

The maximum head on a liner is a function of the quantity and time 
distribution of rainfall percolation reaching the liner, the pore water 
release from the waste, the rate of head dissipation through the liner, 
and the rate of leachate collection. The assumptions set forth earlier 
in this article still apply. 

Harr (1962) presented a method to calculate the head on top of a 
horizontal impermeable base with·uniform recharge over that area. Moore 
expanded this method to predict the ~aximum head on sloping impermeable 
bases. The strength of the Moore method is that it takes into 
consideration the gradient on the leachate free surface and the liner 
slope. A weakness of both these methods is that they assume a constant 
steady state recharge rate with a resulting constant head. In humid, 
temperate climates, such as in Wisconsin, it is generally accepted that 
major recharge events occur over a two to four month period in the 
spring. This is demonstrated in the water budget methodology presented 
by Fenn et. al. (1975) when using humid temperate climatic data. 

The initial head (h 0 ) used in the Wong equation should be the maximum 
head expected to_be developed during a given spring recharge event. 
However, since for most landfill designs the time it takes for this 
leachate head to drain to the collection pipe (tl) is greater than one 
year, the effective ho must consider the residual leachate volume from 
the pre,··ous years. In order to determine this quasi-steady state h0 
an iterative process must be used. Wong proposed a method where 

-; 
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individual infiltration events would be allowed to partially dissipate 
before another event would be added to it. His method merely adds the 
head of the infiltration event to the head remaining from the previous 
event. This results in a rather unrealistic head distribution on the 
liner. Wong recognized that this method would result in a conservatively 
high estimate of liner leakage. 

lt is proposed that further refinement of Hong's method of determining 
ho would be to redistribute the volume of leachate left after one year 
as a uniform head over the entire liner. The next subsequent 
infiltration event is then added to this head. This additive 
redistribution method assumes that the leachate head remaining on the 
liner and the head produced by the infiltration event combine to produce 
a uniform head. While this redistribution is not supported by 
observations in the field it is the authors' opinion that it is a 
compromise between the Wong method which results in an excessive initial 
head and the uniform recharge theory proposed by Moore which results in a 
low initial head. A step by step approach using this process is as 
follows: 

1. Determine the average yearly percolation from a water budget 
calculation. Assuming this percolation occurs over a relatively 
short time span (two to four months) it can be considered an 
instantaneous event relative to the time it takes to dissipate to the 
collection pipe (generally greater than one year). 

2. Determine the head resulting from the percolation event by dividing 
the amount of percolation by the porosity of the sand blanket. 

3. The head on the liner after a recharge event for each successive year 
can be computed by the equation: 

ho(n) = (h(n-1) ~) +Perc 
so ~ 

(7) 

Where the subscript n is the year of concern ( n = l, 2, 3, ... ) . 

The h(n-1) term is the head of leachate left on the liner from the 
previous year. The quantity h(n-1) s/s0 represents this head 
redistributed over the entire liner. The second term is the additional 
head provided by the recharge event at· the beginning of the next year. 
The working form of this equatiun is obtained by substituting from 
equation ( 5): 

h(n-1) = ho(n-1 )(;(1 + d/cos e) e(-kt/tl) - d/cos e) 
\\ ho (n-1) ho(n-1) 

and from equation (6): 

s = s0 (1 - t/t1 ) 



Into equation (7) to give 

h 0 ( n l = ho ( n -1 (( 1 + d I cos e) 
ho(n-1 l 
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- d/cos'a)(l-1/q) 
ho ( n -1 ) · . 

+ Perc/6 

Note: Using t1 in years; t·cancels out since it equals one year. 

Step 3 is repeated until ho(n) is sufficiently close to ho(n-1) that 
no significant change would resu1t in the subsequent liner leakage 
calculation. This quasi-steady state head (h 0 (n)l is then used as the 
input to equation (1) as the initial (head (h 0 J. The subject design can 
then be evaluated for its long term collection efficiency or more 
importantly, the total volume which leaks through the liner. 

For a comparison of this additive r<>di:tribiJtion method with Moore's 
method the following liner design and percolation values ·were subjected 
to both methods. 

s 0 " 100 ft . K2 = 1 x l0-3 em/sec 
a = 0.573 degrees Perc - 0.:: 1

: ft during two r:1onths of the year 
K1 " 1 x lQ-3 em/sec 6 = 0.3 

The equation presented by Moore assumes a uniform recharge rate. Using 
this equation the 0.25 feet per year of percolation must be converted to 
a saturated thickness by dividing by porosity. The resulting 0.83 feet 
per year is divided by 365 day~ to give the uniform recharge rate of 
2.27 x lo-3 feet per day. The resulting maximum head is 2.1 feet by 
the Moore method. 

A similar calcul~tion using the additive redistribution method outlined 
above results in a steady state maximum head level of 2.3 feet. 

The discrepancy between these two r:1ethods is expected since the Moore 
method assumes a uniform recharge rate while the additive redistribution 
method predicts the maximum head assuming a instantaneous recharge event. 

Summary 

The Wong model represents a significant step in predicting the 
performance of clay lined landfills. The model expresses leakage as a 
function of liner slope, liner thickness, leachate flow distance, the 
ratio of the liner's hydraulic conductivity to that of the material 
overlying the liner and the initial head of the liner. 1n this paper the 
model equations have been modified to cover a wider range of conditions. 
These modifications include the addition of the porosity of the material 
overlying the liner as an essential variable to consider in determining 
the timr required for leachate flow to the collection pipe, the initial 
leachate head and consequently the liner efficiency for a series of 
infiltration events. From a qualitative examination of the assumptions 
used for the model it c~n be concluded they are reasonable and the model 
is valid. 

( 8 ) 
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A sensitivity analysis of the key parameters in the model confirms 
several intuitive concepts in clay liner design: 

as 

hydraulic conductivity ratio decreases 
l~achate head decreases 
flow distance decreases 
liner thickness increases 
slope increases 

leakage decreases 

The analysis also shows that the hydraulic conductivity ratio is clearly 
the most sensitive parameter affecting 1 i ner 1 eakage. 

From a·base design the optimal and lower efficiency limits for each 
parameter established by this analysis are as follows: 

Parameter Optimal Value Lower Efficiency Limit 

K2/Kl 1 X 10-4 5 x lo-4 
d 4 to 6 ft 2 ft 
e 5':. 2"; 

so 50 ft* 150 ft 

*No apparent optimal value for this parameter. 50 feet has been 
chosen as a lesser flow distance is not considered practical in the 
fie 1 d. 

The optimal value represents values where a further decrease (or increase 
in the case of d and e) would not gain appreciable reductions in 
leakage. These parameters yield a collection efficiency of 93~. The 
lower efficiency limit represent values where a increase (or decrease ·in 
the case of d and e) would res1:'~ ;- substantial additional leakage. 
Since all these parameters are bordering on an inefficient design, a 
design u~ilizing all these value~ would result in an extremely 
inefficient design with a leakage of 82%. 

The K2/K1 is specified as 1 x 10-4 in the optimal design rather 
than 1 x l0-5 to recognize that while a design may call for 1 x l0-5 
and may ev.en a chi eve it during construction, changes in hydraulic 
conductivity of the sand blanket, the refuse or the clay liner through 
time will likely increase the ratio to a value of 1 x lo-4. 

It must be emphasized that these limits are based on a specific initial 
design chosen to demonstrate the effect of each parameter on leakage. 
For a given des~gn there will usually be one or more controlling 
parameters around which the other design variables must be selected. A 
sensitivity analysis similar to the one presented in this paper provides 
the opportunity to examine the effect of each parameter to choose an 
optimum design. 

A new technique, the additive redistribution method, has been proposed 
for determining the leachate head level for a series of infiltration 
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events for use in the Wong model. This method provides the ability to 
consider the volume or rate of liner leakage under the assumption of a 
non-uniform recharge rate. 

In conclusion thi·s paper has shown that while natural clay liners can 
provide very efficient means for collecting leachate .they can also be 
very inefficient under certain designs. The Wong model and the analysis 
presented herein provide a sound analytical tool for making 'informed 
design decisions. 



List of Symbols Used in this Paper: 

A~ saturated cross sectional area (L2) 

d ~liner thickness normal to surface {L) 

h s he;ght of saturated volume at time t 

h
0 

= initial height of leachate on liner {L) 

i =hydraulic gradient 

k = dummy variable = ~0 if cot e 

K1 =hydraulic conductivity of material overlying liner (L/T) 

K2 =hydraulic conductivity of liner (L/T) 

Perc = height of water which percolates below the root zone (L) 

Q =discharge (L3/T) 

OL = percent leakaQe (dimensionless) 

s =length of the saturated.volume at timet (L) 

s0 =maximum le~c~ate flow distance (L) 

t1 = timP for leachate slug to flow ~o collection pipe (T) 

t2 =time for leachate slug to fluw through the liner (T) 

V = volume (l3) 

VL = volume of leakage 

w = unit width (L) 

e =slope of liner (degrees) 

¢=porosity (dimensionless) 
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Appendix A 

Derivation of Equation (2) 

For Figure 2, from darcy's law the discharge to the collection pipe can 
be expressed as follows: 

Q = V = -K1 i A 
t 

or, by s~~stitution 

S X W X h X 0 = -K 1 S (Sin e) h X W 

t s 

Note that the inclusion of porosity is necessary because of the conversion of 
the change in volume of leachate above the liner to a change in the linear 
dimension of length which this vol11rw ·scupies. 

This equation simplifies to: 

s) = -K] (sin e) t 
¢ 

Integratin9 this equation with the boundary condition s = s0 when t ='o 
the equation yields 

s = s0 - K1 (sin e) t 

At the time when the trailing edge of the applied leachate has moved to the 
collection pipet= t1 and s = 0 the equation becomes: 

or 

s 0 '= !S.l (sin e) t1 
¢ 

tl = s 0 
r,Tsin e) 

(equation 2) 

A similar rationale is used in deriving the equation for now through the 
liner. Porosity is, therefore, in both the equation for flow to the 
collection pipe and the equation for flow through the liner. The 
porosity cancels out when the two terms are combined to yield Wong's 
equation A 4 
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h • •{ (1 + d/fiOs •) el-kt/tll - d/fiOs •) 

as well as subsequent equations including that for the dummy variable ~. 
Thus. although the inclusion of porosity is necessary to determine t. it 
does not appear in the equation for determining lea~age. 



PI'IBlll X YCJ 

Va..ATIL£ ffiCA'JIC CI£MICALS IN rnoER CF FREQJ:NCY CF OCCURRENCE IN GlO.W WATER AT MINNESOfA MIXED M..NICIPAL LA'ffiLLS 

VOC 'S IN GlClNl WATER ti'DioR ti'DioR ti'DioR ti'DioR RCRA RCRA CERCL.A CWA/ 
CAS AT MINN. LF'S MlH M:LG 1£0'0. II'PEIV . II'PEIV • fl!\Z. tHJE.< 

1£G!STRY Q£MICAL (N£1..S(}J 1W BOO< , '86 l OCNSITY RAL M:L 1989 (PfU. va: VII! IX 9JlST. PRiffi 
tilffR SITES SITES '!, (g/a:) (ug/l l (ug/l l M:L's M:LG) MJH- fl!\Z. Gl LIST fQllJl. 

PI<ESfNf TISlTIJ a:aR. (ug/1) TIRING lmSTIT ,lUI. 

156-59-2 cis-1,2-DichloroethYlene 41 47 87.2(A) 1.2837 70 X (70) X 
156-ffi-5 trans-1,2-DichloroethY lene 41 47 87.2(A) 1.2565 70 X (70) X X X X X 
75-34-3 1,1-Dichloroethane 47 59 79.7 1.1776 X X X X X 
95-47-6 o-X)'lene 28 38 73.7(8) 0.8968 440(8) X (440)(8) X X X 

108-38-3 m-X)'lene 28 38 73.7(8) O.ffi84 440(8) X (440)(8) X X X 
106-42-3 p-X}'lene 28 38 73.7(8) 0.8968 440(8) X (440)(8) X X X 
79-01-6 TrichloroethYlene 40 58 69.0 1.462 31.2 5 X ll?ro X X X X X 

109-99-9 Tetral)ydrofuran ll 49 61.2 O.!m (G) 
71-43-2 B€nzme 35 60 58.3 0.8787 12 5 X ll?ro X X X X X 
71-55-6 1,1,1-Trichloroethane 34 59 57.6 1.3492 200 200 X 200 X X X X X 

108-ffi-3 Tolua1e 33 60 55.0 O.ffi69 2000 X (2000) X X X X X 
75-09-2 Oichlororethane (nethYlene chloride) 33 61 54.1 1.335 48 X X X X X X 

100-41-4 EthYl benzene ll 57 52.6 O.ffi72 600 (600) X X X X 
67-64-1 ketrne 24 48 !D.O 0.7908 X X 

127-18-4 TetrachloroethYlene 26 54 48.1 1.623 6.9 X X X X X X 
78-93-3 MethYl ethYl ketrne 23 48 47.9 0.00>4 172 X X X 

107-06-2 1,2-Dichloroethane 28 59 47.5 1.256 3.8 5 X li?I"O X X • X X X 
74-87-3 Ch l ororethane 26 56 46.4 0.92 X X X X X 
60-29-7 EthYl etter 21 46 45.7 0.714 (G) 
75-71-8 Oich l orodi fl UOI"Illl!thane 25 57 43.9 1.486 (F) X X (G) 
78-87-5 1,2-Dichloropropane 25 58 43.1 1.1558 6 X (6)(E) X X X X X 

108-10-1 MethYl i sdluty l ketrne 20 48 41.7 0.001 X X 
75-69-4 Trich l orofluororethane 21 57 1;.8 1.494 (F) X X (G) 
67-66-3 Chlorofonn 22 61 36.1 1.4916 5 100(0) X X X X X 
75-00-3 Ch l oroethane 20 56 35.7 O.<Xl28 X X X X X 
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VOC'S IN CRUUllli\TIR tl'OIR 11'1liR 11'1liR tl'OIR !rnA ll:RA lFRCLA GIA/ 
CAS AT Mllli. lf'S Mlll lUG J{:Q'O. "'PDU. ~- fV\Z. 111)[$ 

IHISTRY OEM! CAL (N[LS(}I ftll BOO<,' 86) OCNSITY JW. rn 1<)!9 (PJ'Il. voc VIII IX SUlST. rmm. 
~R SITES sms ::; (glee l (uy/1 l (ug/1) M:L's M:LG) M:NI- fV\Z. (}I LIST IU.I.UT. 

PREsrNT TESIID 0:01!. (uy/l) TaU~ a::NSTIT M:N. 

75-35-4 1,1-DichloroethYlene 18 59 J:l.5 1.218 7 7 X 7. X X X X X 
75-43-4 Dich I oronuoroll!tlla'le 13 45 t'll.9 1.426 
~-8 Curme 13 48 27.1 0.!))4 X (G) 

108--<:0--7 Chlordlen:zme (nmochlordlenlUlC l 13 57 22.8 1.1~ 60 (60) X X X X X 
75-01--4 Virl)'l chlori<)! 11 58 19.0 0.91()) 0.15 2 X ;,;ro X X X X X 
75-27--4 B rarodi ch 1 <Jt"UUl! tlla'le 10 58 17.2 1.98 100(0) X X X X 
79--00-5 1,1,2-Trlchloroethane 8 61 13.1 1.4405 6.11 X X X X X X 
76-13-1 1,1,2-T rlchlorotri nucroetlla'le 6 47 12.8 1.5635 
74-83-9 81"(J11Jll! tMle 7 57 12.3 1.732 X X X X X 

106--46-7 I, 4-0i ch 1 ordlenll2!le 7 58 12 .I 1.533 75(C) 75 75 X X X X X 
79-34-S 1,1,2,2-Tetrachloroethane 5 58 8.6 1.5'kl4 1.75 X X X X X 

107-ffi-.1 Allylchl<ri<)! 4 48 8.3 0.9397 29.4 X X (G) 
56-23-5 Cart>m tetrachl<rl<)! · 4 59 6.8 1.5942 2.7 5 zero X X X X X 
75-25-2 Bramform 3 55 5.5 2.ffi9'-J 100(0) X X X X X 
95-!1}..1 1,2-Dichlorobenlene 3 58 5.2 1.))48 620 X (620) X X X X X 

541-73-1 1,3-0lch 1 orobenll2!le 3 58 5.2 I. <ffi1 X X X X X 
JJ1B--12-0 Oichloroacetonitrile 2 48 4.2 1.374 
142-28--9 1,3-0ichlorq>rqxre 2 49 4.1 1.1896 X (G) 
110-75-8 2-0\loroethYlvirl)'l etrer 2 57 3.5 1.0525 X X X X 
74-95-3 0 i bl'!llllrethane 1 48 2.1 2.4921 X X X X (G) 
7B..ffi--.6 2,3-0ichloro-1-propene 1 48 2.1 1.204 (G) 
76-01-7 Pmtik:h 1 oroethire 1 49 2.0 1.67% X X (G) 

6)).20-6 1,1,1,2-Tetrachloroethire I 49 2.0 1.5532 X X X (G) 
124-48-1 ChI <ro:librlliUil!thire I 56 1.8 1.451 100(0) X • X X 

10())1-01-5 cl s-1 , 3-0ich 1 oro-I -propene I 58 1.7 1.217 X X X X X 
106-93--4 1,2-Di braroethire (ethYlene dibrani <)! ,fill l 0 52 0.0 1.5389 O.ro3 X ( ;,;ro) (F) X X (G) 
563-58-6 1,1-Dichioro-1-propene 0 48 0.0 1.1764 X 

10())1 ~~ trans-1,3-0ichloro-1-propene 0 58 0.0 1.224 X X X X X 
96-18--4 1,2,3-Trichl~ 0 . 49 0.0 1.394 X X X 

Footnotes: 

A Occui'I"EE'lCe data Is f<r COJblned cis- plus trans-1,2-dichloroethYlcne. 

B IU!IJers are f<r COJblned o- plus m- plus p--'l}'lene. 

c RAL f<r 1,4-dichlorobenll20e revised based oo EPA t-nxinun Cootaninant Le..el. 

D t-nxinun Cootanin.Ylt Level Is 100 ug/l f<r tre sun of til'se four trihalorcthanes. 

E Proposed t-nxinun Cootanin<W~t Level Goal givEn in 51 Federal Register, p. 4618, Fdlruary 6, I~. 

F fohlit<ring cmditionally req~ired. 

G Hazardous Slilstances listed in federal Superfund reg.Jlatioos but not listed as req~ired <W~alytical pariiJeters in til' EPA Cootract l.ab<rat<ries Progran, Cttdler 
1984 "Inf0111'dtioo f<r Bidlers" (Reference 127). 
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"UNIVERSITY OF MINNESOTA COMPOST/CO-COMPOST RESEARCH PROJECT" 
FINAL REPORT 



University of Minnesota Compose/Co-compose Research ·Project 
Final Report to the Metropolitan Council: Narrative Summary 

The University of Minnesota Compost Co-compost Research Project was initiated 
on July 1, 1985. Funding for a two year period (through June 30, 1987) was 
provided by the Legislative Commission on Minnesota Resources and the 
~letropolitan Council of the Twin Cities Area. The major focus has been on 
the use of compost products. Specific objectives as outlined in the project 
work plan were: 

A. Survey literature and agricultural use on composting/co-composting with 
respect to their use as soil amendments and their acceptability by 
potential consumers. 

B. Collect samples of solid waste compost/co-compost mater~als and charac
terize samples by biological, chemical, and physical analyses. 

C. Perform greenhouse plant growth and response experiments with compost
soil mixtures and survey potential horticultural users. 

D. Hold meetings with farmers, nursery managers, and other prospective 
utilizers of compost/co-compost material and publish results of the 
project. 

Several activities were carried out in meeting these objectives. Each 
activity is described below according to the most appropriate objective. A 
brief summary of results and conclusions is also included. For a more 
complete presentation, the reader is referred to the indicated attachment(s). 

A. Literature Review and Agricultural Survev 

Literature reviews summarizing characteristics of solid-waste composts and 
co-composts and the use of composts and co-composts on agricultural lands 
(Attachments A and B) were prepared for the project. Research has shown that 
compost products can improve soil physical propert~es, reduce eros~on, 
increase so~l pH, supply plant nutrients, and increase yields. Major 
l~~~tations and problems are related to compost maturity, contaminants such 
as trace metals, and the potential for nitrogen immobilization. Soluble salt 
content and high pH are additional concerns when compost is used as a 
component of horticultural media. Research results have not always been 
consistent. Tnis is probably due largely to differences in compost products 
and quality. Nonetheless, it does appear that, with proper management, there 
are defin~te benefits that can be derived from the use of compost in agricul
ture and horticulture. 

~eetings were held with groups of farmers from in and around the seven county 
Metropolitan Area. Slide presentations were used to show how compost is made 
and to present research results. Benefits and limitations of compost use in 
agriculture were discussed. A. questionnaire was used to survey interest in 
using compost. Results of the survey are reported in Attachment C. Briefly 
su=m~rized, they are: 

1. Reuse/recycling, composting, and incineration are the solid waste 
options most favored by those farmers surveyed. 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

The most important compost characteristics are contaminant levels, the 
presence of glass and plastic, and cost. 

The most important benefits from compost use are increased nutrient and 
water holding capacities of soils. 

Farmers are definitely interested in using compost, especially good 
quality composts. 

Many feel more research is necessary in the area of agricultural compost 
use. 

Potential exists for the agricultural use of vast quantities of solid 
waste compost. 

Little, if any, income should be expected from compost sales to agricul
tural markets. 

The State should develop rules regulating the quality and use of solid 
waste compost. 

B. Research and Characterization 

Yard waste compost samples were collected from eleven Metropolitan Area yard 
waste compost sites. Nine sites were sampled in 1985. The same nine sites 
plus two additional sites were sampled in 1986. Objectives of the yard waste 
compost monitoring were to provide information on nutrient levels and other 
quality parameters and to address concerns relating to the potential for yard 
waste composts to contain unsafe levels of lead. Chemical analyses showed 
that the nutrient concentrations of yard waste composts are more similar to 
those of a rich topsoil than commercial fertilizer materials or manures. 
Thus, yard waste compost is 'most appropriately used as an amendment which, 
when worked into soil will improve physical properties and provide small 
a~ounts of nutrients over a period of time. Compost is also an eicellent 
mulch material for the home lawn and garden. The highest lead concentrations 
were found in composts produced at sites in the most urban areas. However, 
the lead levels of all yard waste compost samples were considerably lower 
than limits proposed by the tlinnesota Pollution Control Agency (MPCA) for a 
class I compost or those recommended by the Environmental Protection Agency 
and the Food and Drug Administration for the production of fruit and vege
table crops. Levels of cadmium, nickel, copper, chromium, and zinc were also 
all well below limits. Results of the yard waste compost monitoring are 
reported in Attachment D. 

Solid waste compost and co-compost samples were obtained from U.S. and 
overseas locations throughout the project period. All samples were analyzed 
for nutrient and trace element concentrations, carbon content, pH, and 
electrical conductivity.· Trace metal concentra::ions found in several of the 
compost samples exceed the limits proposed by MPCA for a class I compost. 
Zinc and lead concentrations were those most often in excess. Cadmium, 
chromium, and nickel concentrations were consistently below limits. It 
appears that sewage sludges can contribute substantially to the concentration 
of trace elements in co-composts. However, zinc and lead concentrations in 
some composts produced without sewage sludge also exceeded MPCA proposed 
l.i:::::ts. 



Incubation.experiments were performed to determine the amount of nitrogen 
mineralized (converted to forms that can be utilized by growing plants) from 
compost-soil mix,tures. Characterization of nitrogen release patterns of 
compost can help define compost quality, suggest process differences, and 
develop criteria for determining mature com~osts. A high quality compost 
would be one that released ample quantities of nitrogen over a reasonable 
period of time. A preliminary 28 day_ experiment with five composts was 
followed by a 140 day experiment with twelve composts. Four types of 
nitrogen release patterns were observed which support the following con
clusions: 

1. 
0 

Mature composts (those that have been adequately decomposed) can reduce 
the nitrogen fertilizer needs of a crop. 

2. Co-composts mineralize more nitrogen than composts that do not contain 
sewage sludge or animal manure. However, the trace metal concentrations 
of products containing sewage sludge can be higher. 

3. Maturity of composts are very important if the materials are to be 
applied to growing crops. 

Chemical composition of solid waste composts and co-composts, along with 
results and discussion of the incubation experiments are presented in 
Attachment E. 

Physical characterization of compost (Attachment F) involved testing composts 
and compost-soil mixtures for bulk density, particle density, water reten
tion, saturated hydraulic conductivity, unsaturated hydraulic conductivity, 
thermal conductivity, and wetting angle. A yard waste compost and a solid 
waste. compost were used in combination "''i th three different soil types: a 
silt loam, a clay loam, and a sand. Results showed that compost addition 
influences the physical properties of soil, however, the beneficial effects 
of compost addition are greatly dependent upon the type and amount of compost 
and the soil used. The solid waste compost had a greater influence on soil 
physical properties than the yard waste compost. However, effects such as 
increased available water and increased drainage were minimal for _the silt 
loam and clay soils. The sand soil showed definite improvements in the 
amount of available water, but a considerable amount of compost had to be 
added in order to bring about this change. In general, unsaturated hydraulic 
conductivity decreased with the addition of compost. Low unsaturated 
hydraulic conductivities can lead to slower drying of soil in the spring and 
could also decrease the rate at which water is available to the plant roots. 
Compost, being a poor heat conducting material, reduced the thermal conduc
tivity of soil when mixed "''ith compost. ·Decreased thermal conductivity of 
the compost mixtures can lead to slow warming of soils in the spring and 
reduced crop emergence. Compost high in organic matter showed hydrophobic 
characteristics over the short term. Increased hydrophobicity of soil
compost mixtures can result in less infiltration and thus increased runoff on 
steep slopes. 

Biological characterization of composts (Attachment G) involved the use of 
the earthworm Eisenia fetida as a bioassay in compost-soil mixtures. Eisenia 
fe:ida is a common inhabitant of naturally composting organic wastes. This 
fact was used to test compost from five different sources. Three patterns of 
earthworm behavior were observed and used to characterize compost in terms of 
toxicity and stability. It was concluded that composts were stable if 



earthworms introduced into a sample did not grow, since food sources were 
exhausted. By adding cellulose to such composts, earthworms grew if the 
compost was not otherwise toxic. Potentially toxic composts caused severe 
decrease in worm weight or death. Culturing the earthworm requires little 
labor or expense, and the bioassay can be performed in 14 days. Eisenia 
fetida can be used by municipal solid waste compost operations to routinely 
and inexpensively test compost for stability and toxicity. 

C. Greenhouse Research and Horticultural Use Survev. 
v 

A questionnaire mailing was ~sed to survey potential compost users in 
horticultural and other non~agricultural sectors. Objectives of the survey 
were to assess interest in the use of compost products, to identify concerns 

'and product specifications, and to determine the types and quantities of 
materials currently used that are similar to or that could be replaced or 
supplemented with composted waste products. Results of th.e survey showed 
that there ~s a definite int~rest in the use of solid waste compos~. It 
appears that non-agricultural markets do exist and could be further developed 
in the State - particularly in the seven county Metropolitan Area. The high 
response rate (greater than 24 percent of all questionnaires were returned) 
was viewed positively as was the proportion of 
respondents (64 percent) who said that· they would like more information on 
compost products'. Although some industries, notably sod growers and ar
borists, showed a lack of interest, other sectors such as landscape contrac
'tors and public agencies displayed a strong willingness to try and regularly 
use compost products. It appears that these would be the most likely areas 
in which to initiate marketing efforts. Cost and availability of products 
were the major concerns expressed by nearly all groups surveyed. Results are 
reported in Attachment H. 

A nursery study CAttachment I) was performed to evaluate the feasibility of 
utilizing waste products for the production of woody ornamentals. A solid 
waste compost, a manure compost, and a shredded solid waste fraction were 
used as components of various media mixtures. The addition of all materials 

.increased the soluble salt contents of the media. The pH of media was 
increased with the addition of both composts. Potassium and phosphorus 
levels were increased with the addition of manure compost. The other waste 
m~terials contributed small amounts of potassium. The addition of compost 
appeared .to increase available vater holding capacity. This was most evident 
with the manure compost. The hydraulic conductivity of all mixes vas 
sa ti s£ac tory by container media standards. Total porosity vas increased by 

.the presence of compost, but air-filled porosity was often decreased. This 
quality is not desirable since plant roots need oxygen and excessive water 
filled pore space decreases aeration in the container. Quality of plant 
growth was best for those plants which received fertilizer treatments. 
However, plant quality was also related to medium pH. The mixes which 
produced the poorest quality of growth were also the ones with the highest pH 
values at the end of the first season. Plants grovn in media containing 
solid waste compost contained higher levels of boron than plants grown in 
either shredded solid waste or the control mix. Zinc levels were higher in 
plants grown in the solid waste compost and the shredded solid waste as 
compared to the controls. Although these differences were statistically 
significant, levels of boron and zinc in all plants were well vi thin normal 
ranges. Results suggest that composted waste materials can provide some 
desirable qualities to container media. Acong these are decreased bulk 



density, increased water holding ability, and increased porosity. However, 
careful attention must be paid to managing negative aspects such as high 
soluble salts and nitrates, high pH, and the tendency for some materials to 
reduce aeration. These problems are not unlike· those encountered with other 
organic soil amendments. 

Two additional plant growth studies have been initiated as a result of the 
project. They are: 1. the establishment of test plots to evaluate the 
performance of waste composts as aids in establishing vegetation on a 
marginal soil on a ·highway right-of-way (Attachment J) and 2. a greenhouse 
study to evaluate waste composts as components of media for the production-of 
bedding plants (Attachment K). These studies will be carried through the 
1987 growing season. 

D. Education and Publication 

Several papers on the research characterization activities will be .submitted 
for publication in technical journals. Abstracts have also been submitted 
for presentations at the American Society of Agronomy annual meeting schedul
ed for this winter. 

Results of the yard waste compost monitoring and chemical characterization of 
composts will be reported in Soil Science Department bulletins. 

Various presen~ations, supporting the educational objective, ha~e been made 
by project participants. Examples are: 

A project open house was held on September 17, 1986 to provide an update of 
composting activities in Minnesota and to give an overview of the University 
project. Participants toured various campus locations to observe studies in 
progress. The open house was attended by approximately 60 individuals 
including county and city solid waste personnel and staff from the 
Metropolitan Council, Minnesota Pollution Control Agency, and the Minnesota 
Waste Management Board. 

Discussion and preliminary results from the horticultural container study 
were presented at the _Minnesota Nurserymen's 6lst Annual Convention and Trade 
Show on January 6, 1987. The convention was attended by approximately 2000 
individuals including nursery operators and representatives from nursery 
related industries. 

A presentation on the market assessment component of the project was made at 
the Fourth Annual Solid Waste Seminar. The seminar, which is sponsored by 
the Minnesota Pollution Control Agency and the Minnesota Waste ~~nagement 
Board, was held on February 18 and 19, 1987. Participants included several 
hundred industry and government representatives interested in solid waste 
management issues. 

The compost/co-compost research project was included in the University of 
Minnesota 1987 County Extension Day Tour held on March 20, 1987. A presenta
tion covering project objectives and activities was made to two tour groups 
of approximately 40 individuals each. Participants included county board 
members, Minnesota Extension Service Staff, and selected Minnesota farm 
f~ilies. 
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A presentation covering project activities and compost characteristics was 
made at a compost seminar on April 15, 1987. This seminar, also sponsored by 
the Minnesota Pollution Control Agency and the Minnesota Waste Management 
Board, was attended by approximately 180 individuals including county 
commissioners and solid waste planning staff; industry consultants and 
vendors; staff from the Minnesota Pollution Control Agency, Minnesota Waste 
Management Board, and Metropolitan Council; and other interested parties. 
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I. I~TRODUCTION 

Landfilling is the most ~dely used and cheapest option for solid waste 
disposal. Nonetheless, throughout Minnesota landfills are closing. These 
closures are primarily due to either stringent pollution control require
ments or to simply running out of landfill space. Because of this problem, 
the 1980 state legislature adopted a law, the Waste Management Act, which 
requires each Minnesota county to develop and implement a solid waste 
management plan. 

In the seven county Twin Cities metropolitan area the landfill space 
problem is critical. Approximately 90% of the Twin Cities garbage is 
hauled to less than a dozen landfills. Permitted landfill space ~11 be 
exhausted in just a few years. Each county has prepared a landfill 
abatement plan. 

The Metropolitan Council reviews and approves the solid waste planning 
efforts of the seven county metropolitan area. The Council believes that 
recycling and recovery are the most preferred solid waste management 
practices. 

S~veral metropolitan counties are preparing to develop moderate to large
scale garbage to energy facilities which could handle up to 1000 tons of 

·garbage per day. These facilities would incinerate garbage and produce 
steam. The steam could be used for heating or in the production of 
electricity. 

In addition to the waste-to-energy facilities, the Metropolitan Council has 
recommended that counties and cities investigate the potential for 
composting facilities in their landfill abatement strategies. 

Compos:ing is a common solid waste processing practice in Europe and Asia. 
In the Netherlands, 17% of the domestic refuse is composted (11). ~st of 
the compost produced (more than 90%) is applied in ~enity areas (27). The 

.main producer of solid waste compost in the Netherlands is the V&~ ~aste 
Disposal Company, which produces 100,000 metric tons per year. 

In West Germany, about 1 million metric tons of compost are produced 
annually by 17 facilities thro~hout the country (88, 91). Approximately 
3.4% of the :domestic refuse generated each year is being recycled as 
compost on the land (36). 

In Switzerland, from 3 to 10% of the total municipal waste is composted 
(45, 88). The majority.of the compost is used in vineyards. 

There are 15 full-scale composting plants operating in Austria ~th daily 
production rates varying from 600 to 1200 tons (87). This activity accounts 
for 217. or 408,000 tons per ·year of the municipal solid waste generated 
(88.). The majority of the compost is used in agriculture and landscaping. 

France has over 100 composting plants producing 800,000 tons of compost per 
year (101). In Czechoslovakia, there are 20 composting plants which process 
450,000 tons of wastes annually (57). In Sweden, 24% of the domestic refuse 
generated is composted (88). Abou: 10% of the refuse generated in Spain is 

,. 
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composced (52). Over half of Spain's compost ~s applied to vineyards. 

In Japan, the composting of municipal refuse, using-mechanical devices, 
started in the mid-1950s. More than 30 composting facilities, primarily 
the Dano type, were constructed by 1963 (84), By the mid-1970s most of the 
plants were abolished. Only seven plants are now in operation with the 
present compost production estimated at 20,000 tons annually. The 
construct~on of a second generation of municipal refuse composting 
fac~lities is presently underway (138). 

In Hong- Kong, about 5% of the total municipal refuse collected goes to 
composting (18). In 1982, about 9000 metric tons of refuse compost were 
produced. The city of Bangkok, Thailand produces approximately 100 tons of 
commercial g'ade compost per day (78). In ~orocco, municipal refuse ~s 

composted at plants in Aden, Casablanca, and Rabat (94). 

Perhaps the largest composting facility in the world is located in Moscow, 
USSR. This plant has tne capacity to ·process 200,000 tons of refuse per 
year ( 135). The facilities ·in Leningrad process 140,000 tons per year 
( 135). Facilities in Rome, Italy process 170,000 tons per year ( 135). 

The country with the most widespread use of compos ting is India. Here, 
2500 small urban settlements produce a total of 3 oillion tons of compost 
annually (135). 

In South ~erica, Brazil has twelve operating composcing facilities (8). 
Other Central and South American countries which have composting plants 
include Costa Rica, Peru and El Salvador (99). 

In the United States, composting of municipal solid waste has been 
prac:iced in California, A:izona, Alabama, Florida, Pennsylvania, Xichigan, 
Tennessee, ~ew York, and washington (99). Generally cooposting has not 
proven successful due to the lack of steady markets, high initial 
investment and operating costs, and/or poor compost quality (11). One 
problem with the idea of solid waste composting in the United States is the 
notion that it must be profitable in order to be successful. ~ny others, 
however, believe that the concept behind composting should be similar to 
that of other public services, such as waste·water treatment, which do not 
generate a profit but are necessary to protect the environment and public 
health. 

Even though composting of solid waste may not provide monetary returns, 
there are many intangible benefits that must be considered. First 
and foreoost is the reduced dependency on landfills. The siting of future 
landfills, whether they be for the disposal of municipal solid waste or 
ash produced by waste to energy incinerators, will ~~doubtedly be expensive 
and controversial. 

A second non-monetary bener~t of composting is the production of a material 
which would be useful in modern day agriculture. The Soil Conservation 
Se~vice es,imates that on the average every acre of Minnesota cropland 
loses 6.4 tons of topsoil per year (67). The addi:::.on of compost to 
cropland can protect the long-term productivity of our soils. Compost has 
~een used successfully in the reclamation of ~ine tailings (70), strip mine 
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areas (126), gravel pits (33), ash ponds (31), and radioactive waste 
disposal sites (129), as well as in the stabilization of highway roadbanks 
(27, 87). 

The agronomic: value of organic: waste amendments has been known for years. 
The application of manure, c:rop residues, sew~ge sludge, or solid .waste 
compost to agricultural soils c:an provide a source of nutrients·and organic: 
matter. The principal questions to be resolved regarding the use of solid 
waste c:ompo6t on agricultural soils are ( 1) what are the beneficial and 
detrimental c:hemic:al constituents of compost, (2) what are the responses by 
various crops to compost application, (3) what changes in soil properties 
c:an be expected from compost application, and (4) what residual or long
term effects may result from high rate compost applications. , 

It is the ·purpose of this report to Slliillllarize some of the literature which 
addresses these· questions·. Unless otherwise noted, all researc.h results and 
findings are from studies utilizing municipal solid waste compost, which 
~~11 be referred to just as compost, or municipal solid waste and sewage 
sludge compost, which will be referred to as c:o-c:ompost. 

II. CHEMICAL COMPOSITION OF COMPOSTS 

The chemical composition of any waste materi·al applied to cropland is 
extremely important. A farmer must be aware of the quantity of beneficial 
plant nutrients which are available from the organic: amendment. In order 
to obtain optimal c:rop yields, certain nutrients may have to be 
supplemented if the material has a low concentration of that element. 
Other nutrients, if applied in too high of a' quantity, may be detrimental 
to plant growth and vigor. Certain trace metals are an example of this. 
For instance, crops require copper and zinc: for growth. Howe~er, high soil 
concentrations of these metals may have a phytotoxic: effect. 

Presented in Tables 1 through 4 are analyses of composts from aro~~d the 
world. The tables provide data of more than 37 individual compost sources 
and s~maries of compost composition from 8 countries. In Table 5, the 
data is summarized and compared to the mean c:hemic:al composition of 
unamended soil (146) and the median chemical composition of more than 250 
sewage sludge samples from approximately 150 wastewater treatment 
facilities located in the north central and eastern regions of the US 
(133). 

The c:hemic:al analysis of compost c:an vary widely as shown in Table 5. This 
variability is primarily due to the composition of the raw materials that 
·o~ere used to make the compost, as well as, to the composting method. Some 
composts are made from solid waste which have had t~e -light frac:tion
(e.g. paper and plastics) removed. These composts would tend to have 
higher nutrient levels compared to their carbon level. Conversely, 
composts made from solid wastes high in paper and plastic: will normally 
have low nutrient levels. 

~~ny solid waste composting processes require the addition of a nitrogen 
source to obta::.n a satisfactory carbon to· nitrogen (C:N) ratio. !'otential 
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nitrogen sources• include mineral nitrogen (e.g. urea, atnmonium nitrate, 
etc.), septic tank pumpings, animal manures, and sewage sludges. The 
addition of sewage sludge as a compost ingredient can have a great influence 
on the chemical composition of the final compost product. Typically, the 
addition of sewage sludge ·will increase the nutrient level of the compost 
and, depending on the sludge·composition, may significantly increase the 
compost's trace metal content. 

From Table 5, it is apparent that when compared to sewage sludge; solid 
waste compost is lower in nitrogen, phosphorus, and sulfur. Compost is 
higher in potassium, however •. Sewage sludges are generally higher in trace 
metal content. Even though composts are lower in trace metals, the 
application rates us.ed are typically higher as will be presented in the 
following sections. Because of this, the total load of certain trace 
metals to agricultural soils may be equivalent from sludge and compost 
applications. 

Several other chemical constituents have been analyzed {n compost. Co
compost from Johnson City, Tennessee and compost from Blaubeuran, Germany 
were found to have 7000 and 7670 mg/kg of alu:ninUID, respectively (152). The 
average chloride content of compost samples in two studies conducted in 
Belgium were 1175 mg/kg (157) and 1400 mg/kg (25). deHaan (27) presented 
chloride contents of 3200 mg/kg and 5000 mg/kg for composts from the 
~e:herlands and France, respectively, MolybdenUID ranges from a low of 3 
mg/kg to a high of 32 mg/kg in various composts from S"'itzerland (45). The 
range for cobalt is 4 to 38 mg/kg in these sample composts. 

Recently, there has been much concern over the presence of toxic organic 
compounds and pesticides in se,...age sludges that are landspread on 
agricultural lands. The same concerns would apply to compost application. 
Table 6 presents pesticide levels found in composts produced from t"'o 
different processes. Benzene hexachloride ( BHC), heptachlor expoxide, 
aldrin, endrin, and an organophosphate screen "'ere also analyzed for but 
were not· detected in· either compost material (90). 

Concentrations of four to_ six ring polyaromatic hydrocarbons (PAHs) were 
analyzed in t"'elve composted municipal "'astes of different origin and age 
(93). The average concentrations are presented in Table 7. These results 
she"' that the concentration of PAHs in raw compost materials (fresh 
compost) are higher than that found in the final compost product (ripe 
compost). This would indicate that these aromatic compounds are degraded 
or volatil::.zed dur::.ng the composting process. Th::.·s find::.ng ~;as followed up 
by a degradation study carr::.ed out with radioactive labelled PAH compounds. 
It ~~s found that the microbial populations of ripe composts possess 
considerable capabilities to mineralize these recalcitrant molecules. In 
each compost sample analyzed there appeared to be a relat::.onship or ratio 
between the amounts ·of individual PARs found. Because of this finding, it 
was recocmended that benzo (a) pyrene be used as a general indicator or 
index for contamination of PARs. 
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Table I. (Conl'cl.) Chemical composlllon of composts and co-cnmposls from Europe. 

Source l'lt~lorla, Italy l'lstor La, lla Ly l'lsa, llal yl 

Hefcrenct! 

m1Z 
c 
N 

I' 
K 

Ga 
Hg 
s 

Na 

Fe 
Zn. 

Gu 
~In 

C<l 
As 
Cr 
l'b 
llg 
Nl 
n 

pll 
CoO<!. J 

Co-compost 

112 121 Ill 

---------------------- ~ -----------------------
28. '• 50.] 

J9.S 29.2 
I. 78 I • J I. 6 
o. 25 0.) 
0.07 o. '• 

---------------------- )~/g ----------------------

857 
422 

8 

215 
605 

7.7 8. I 
10.0 

2 ()rgatllc matter 
J ELectrical concluctlvlty (mmhos/cm) 
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Tahlc 2. ct .. ,mlcal coonposltlon of composts and c<)-composts from Japan. 

Yokohama, Yokohama, Yokohama, IJsud:o, Usuda, 

Soun:c .Iapan I .lapa~o2 .Japitn .Iapan Jitpan Japan Japan 
Reference Bit 169 ·lit 1)6 I 3 Jlt I 3 

Tokyo, Koonoro, Toyohoshl, 
Japait Japan Japan 

13 13 ·136 

I to, 

Ja~ 
l36 

------------------------------------------ 7. -----------------------------------------------------
m1J 

<: 
N 
I' 
K 

Ca 

Ht: 
s 

Na 

1.24-2.)0 2.1 
o.21-0.69 o.n 
o.~l-2.60 1.2 
2. 27-6.74 
0.20:..1.69 

2.)tl 
JJ • I 
2.6 2.8) 

0.11) 

27.2 
2.2 

32.8 
2.5 

------------~----------------------------- )•g/g --------------------------------------------------
.... e 

Zn 
Cu 
Hn 
Cd 
As 
Cr 
l'b 
llg 
Nl 

8 

pll 
Contl.4 

2711-1670 
52-428 

I. 6-6.0 
0.1-6.0 

fllt-911 
0.5-4.2 
14-49 

6. 1-8. 4 
1.28-7.80 

I • I 
1.2 

0.5 

8.5 

I Range for seven different composts 
2 Average from various locations 
J Organic matter 
4 Electrlcal conductivity (mmhos/cm) 

760 14 7 792 86 
189 47 3)] 7J 

2.) 2.) 1.7 0.54 

17) I • 3 119 18.0 
2.6 o. 18 I. 5 0.09 
)2 9.0 3.4 

7.3 
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Table ], ChemicaL cumposltion of composts ·and co-composts from Asia, 

Cha i Wan Chal Wan Chat Wan 
Sou ret! ---- II<Hl£ Kong llong Kung llong Kong 
Reference 167 169 18 

Talchnng 
Taiwan 

162 

Bangkok 
Tha II and 

78 

Jlomha y 
Lndla 1 

97 

Bomlw ~ 
Lnd I a 

97 
India 

138 

Adem 
Yemen 
~ 

Rahat 
Morocco 
~ 

----------------------------------------------- % ---------------------------------------------

oHJ 
c 
N 
I' 
K 

Ca 
Hg 
s 

36.7 
2.86 

"·'· 
I. J 

28. '• 
I. 67 
0.55 
().ItO 
2.25 
0.6) 

2'•·3· 

l.ld I • t. I 
0.61 0.6 
I. 00 1.3 

)6. ~ 38. ~ 
16. 7 1 s·. J 12.4 22.4 

1.05 I. OS 0.76 '· 12 I • 59 
0. I'• o. 14 0.2) o.t. ~ 0.64 

0.67 0.81 0.68 
I. 29 9. 27 

0.76 

Na 0.82 0.66 
--------------------------------------------------- l•g/g ---------------------------------------

Fe 
Zn 
Cu 
Hn 
Cd 
As 
Cr 
Pb 
llg 
NL 

B 

pll 

Cond. '• 

JltH9 
550 

1179 

)62 

Sieved compont 
2 Granulated compost 
) Organic matte~ 

)82 
I J. 2 

188 
7.6 

25.6 

8.4 

75.9 
12.) 

226 
).) 

98.0 

7 ,t, 
7.5 

1, Electrical conductivity (mmhos/cm) 

' 8. 2 
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T.thl,• it, Cltt•mlca I nnnposltlon of crunpost.s and co-composts ft"t)ln the Ifni ted States anti Canada. 

IJnlted IJnlted Hoh i I e l'hoenlx Phoenix Berkeley Sacramento Sacramento 
SOtllt'P Stales I States2 Alabama Ar I 7.on a ArIzona Cal l f o rod a Ca II fornla C<lll f o roll a llelawarcl lle I awa re 11 

ih·~ I el erlcc tit 7 tit 7 I 21 J ltlt 3 43 lolt 90 90 

------------------------------------------------- i. ----------------------------------------------

mto; 
c 
N 
I' 
K 

C:tt 
~lg 

s 
Na 

It] .II 

I. 12 
I. 19 
0.69 
). 2'• 

'1./t. 0-77. J 

u.M-1.&6 0.9 
0. 7b-l • 52 0.2 
0.25-l.llt I. 6 
I. J0-5. 50 

21. h 2&.& 
0.11) 0.91 o. '•4 o. 92 I. 55 
(). )h 0.1·7 o. 17 0.2) 0.5) 
0.6) 0.57 ().)2 0.41 

------------------------------------------------ ltf:/g --------------------------------------------

Fe 
Zrt 
C11 

~In 

Cd 
As 
Cr 
l'h 
llg 
Nl 

B 

pll 
Con<l.6 

Ne;rrt of seven composts 
2 Hattf:e o ( seven composts 
J Aerohlc dlr,ester compost 
it W lnd row compost 
5 (Jrgartic matter 
6 Electr·Jcal condt~ctlvity (mmltut;/cnt) 

7. 2 7. 5 7. I 
7. 5 lo.5 

426 
6). 7 

0.8) 
0.90 
22.6 
140 
I. 9 
2.6 

50 7 
4&.5 

I • 'iO 
I. 80 
64. 7 
))'j 

2. I 
6.) 

i • .::. ::~ .;.z ~~:.: 
.:~ . =- -:r- .:-::- ·:s:-~ 
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·Tahle t, (L'ont'd.) Chemical composition of composts and composts from the United Stales anti Canada. 

GalneH- (;a lnes- l.o IIJ! Downs- Joluuwn Johnson 
vII I e vII I e L;tr·go l.•••·go ~ !lavannah lslaoul Norman v lew l'lttshuq:h City Clly 

Sourct• Fl. F 1.1 Fl. Fl. (:A NY · OK Ontario I' A TNl TN2 
l!elerence 7 70 611 110 ) ) ) )it J IS:Z 41:1 

---------------------------------------------------- ~ 

m1J 

c JJ.II 21.2 
N o. 51 0.56 1.20 I. I 0 !.Yo I • lo 7 . o. 92 I • I 0.6) 0.94 I. 4 
I' O. IS o. 22 0.26 o. n o. 29 o. 92 Q. 25 0.) 0.45 o. )2 0.4 
K o. ,,, 0.21 o. )1:1 0.11) 0.66 I. JS 0.46 0.2 0.11:1 o. 17 0.9 

Ca . I. 2 I. 92 I. JO I. J 5 I. 98 3.6 
H!: 0.011 o. 12 0.07 0.44 0.4 
s 0.2 

Na 0.2 0.116 0.27 

---------------------------------------------------- ug/g --------------------------------------

Fe 21100 2407 13000 
Zn 500 639 250 '•60 776 1600 
Cu 200 125 150 370 340 
Hn )00 120 1)0 418 400 
Col IOU 10 
As 
Cr 500 
l'b 4.8) 450 
llg o. 18 
Nl 24 JUU 

D 40 25 Jll 50 

pll 6.9 7.11 7.6 8.0 7.4 7.2 
Cont.l. 11 

I Average of two samples (19611 and 1969) 
2 Co-compost 
) Oq:nnic matter 

'• Electrical conductivity (mmhos/cm) 

l> 
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Table 5. Chemical compositions of composts, sewage sludge, and 
unamended soil. 

Composts Unamended Soil ( 146) Sewa~~:e Sludge 
Constituent Low Hi~h Mean ~edian 

---------% 
c 9.9 40.0 30.4 
N 0.1 2.9 0.1 3.3 
p <O.l l. 2 0.06 2.3 
K <O.l 2.6 0.3 

Ca 0.5 15.3 1.4 3.9 
Mg <O. 1 5.9 0.5 0.4 
s 0.2 0.6 <0.1 1. 1 

:-Ia 0.1 0.8 <O. 1 0.2 

---------ug/g----------

Fe 1250 16500 38000 11000 
Zn 76 10000 (4000)1 so 1740 
Cu 12 4300 (2800) 20 850 
Mn 120 1300 850 260 
Cd <0.1 100 <0.1 16 
As o. 1 16 6 10 
Cr 1.5 500 100 890 
Pb 1. 3 5300 (1570) 10 500 
Hg <0.1 17 (7) <0.1 5 
t'ii 0.8 450 (300) 40 82 

B <0.1 321 10 33 

( 133) 

The values in parenthesis are for the second highest concentrations. 
:n Tables 1 through 4 • 
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Table 6. Pes~icide levels in two composts from different sources (90). 

Parameter Aerobicallv digested 
mg/kg 

•Lindane ndS 
Heptachlor nd 
PCBl 0.32 
Methoxychlor 0.07 
DDD2 0.08 
DDE3 nd 
DDT4 0.15 
Dieldrin o. 04 

1 Polychlorinated biphenyl 
2 1,1-dichloro -2,2-bis (p-chlorophenyl) ethane· 
3 dichloro diphenyl dichloroethylene· 
4 dichloro diphenyl trichloroethane 
5 not detected 

Windrowed 

0.08 
0.04 
0.41 

nd 
o. 17 
0.03 

nd 
o.os 
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Table 7. Approximate! average concentrations of four to six ring 
polyaromatic hydrocarbons in fresh and ripe composts (93). 

Compound 

benz(a) anthracene/chrysene 
benzo(b/j/k) fluoranthenes 
benzo(e) pyrene 
benzo(a) pyrene 
perylene 
dibenz(aj) anthracene 
indeno (1,2,3-cd) pyrene 
cibenz (ab/ac) anthracenes 
benzo(ghi) oervlane 

Fresh 

15. 5 
11.0 
5.7 
4.0 
0.8 
1.2 
3.4 
1. 0 
3.2 

Values estimated from bar graph. 

Comoost 

mg/kg -
Rir>e 

5.1 
5.5 
2,9 
1. 8 
0.4 
0.7 
1.9 
0.7 
1. 8 
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III. CROP YIELDS IN RESPONSE TO COMPOST APPLICATION 

Corn 

More acres are planted to corn in Minnesota than any other crop. For this 
reason, it would appear that the agricultural use of compost in corn 
production wpuld have a great potential. This potential would depend 
primarily on the benefits a farmer could derive from the compost. 

Pifferent composts were applied to a Mountview silt loam soil in two 
greenhouse experiments in Alabama (139, 140, 141) •. In one experiment, 
where a compost obtained from Largo, Florida was applied at rates 
equivalent to 5 and 10 tons/acre, nitrogen deficiency was induced in the 
corn. This problem was corrected by the addition of N fertilizer. Tne 
decomposing compost was immobilizing 37 and 63 pounds of nitrogen per acre 
for the 5 and 10 ton/acre application rate, respectively (139). I~ was 
concluded that on severely N-deficient soils, N should be applied with the 
compost to avoid N deficiency in the crop. 

ln the second experiment (141), a co-compost from Johnson City, Tennessee 
was applied to greenhouse pots at rates equivalent to 0, 4, 8 and 16 tons 
per acre. Even though the compost had a higher N level, corn yields were 
low at all application rates, due primarily to N deficiency. It was 
determined that N availability from the compost was only 16% of that for N 
in ammonium nitrate. 

Co-compost from Johnson City, Tennessee was also applied at various rates 
( 11, 56, and 224 mt/ha) to Hartse-lls fine sandy loam in a greenhouse pot 
experiment (48, 100). Supplemental N, P, K and Hg were also added to each 
pot. Three successive crops of corn were planted 0, i, and 18 months after 
app~ication and were allowed to grow for 7 weeks each. Corn forage yields 
were increased slightly by the higher rates of compost addition iri the 
first and third crops only. 

Co-compost from Johnson City, Tennessee was applied annually at various 
rates for a five-year period to Holston loam soil (32). All field plots 
received yearly addition of fertilizer P and K. Cern was grown each year 
and harvested for grain. Average· corn grain yields are presented in· Table 
8. All rates of compost additions resulted in increased corn grain yield 
over the unfertilized control. On the average, corn yields were greater 
when receiving 50 to 200 tons/acre of compost compared to the fertilized 
control which received 160 pounds/acre of fertilizer N and no compost. 
Application of compost at rates greater than 50 tons per acre had little, 
if any, effect in increasing yields. However, the higher compost 
application rates did Pave a greater residual effect on corn grain yields. 
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Table 8. Effect of compost on corn grain yield (32). 

Annual compost 
aoolicacion (1969-73) 

Corn grain yields 
average (1969-73) 

Residual 
197 4 

yield effects 
197 5 

( t/ ac) (bu/'ac) -

0 39 20 14 
0* 70 
8 54 52 23 

50 96 61 35 
100 94 83 51 
200 89 94 73 

* 160 pounds/acre fertilizer N applied. 

Sweet corn was grown in a four-year field study again utilizing co-compost 
from Johnson City, Tennessee (47, 48). The compost was applied annually at 
races of 0 co 224 mt/ha to Sango silt loam. All plots received annual 
additions of 150 kg N/ha and 100 kg K/ha. Phosphorus was applied to all 
plots the second year only at a rate of 50 kg/ha. Forage yields increased 
significantly with application of compost with the exception of the fourth 
year (Table 9). No reason was provided for this effect other than ample 
m9isture was provided during the growing season which probably negated any 
benefit from the compost in terms of moisture relat_ionships. 

Table 9. Effect of compost on corn forage yield (48). 

A.·mual compost 
a:>olica::on 

( mt/i·.a) 

0 
56 

112 
224 

Corn forage yield 
First vear Second vear Third vear Fourth vear 
------------------------mt/ha --------------------

3.05 
"· 96 
5. 50 
6. 04 

7. 07 
8.90 

10.6 
10.01 

7.67 
9. 29 . 
9.50 
9.24 

8. 15 
6.42 
6.24 
6.86 



In a field experiment conducted in Taiwan, compost was applied at 0, 5, and 
10 mt/ha to a reddish brown clay-textured latosol (162). In addition to the 
compost, all treatments received 100 kg N, 60 kg P2D5, and 40 kg KzO per 
hectare. Corn grain yields were significantly increased by 21 to 33% over 
the fertilized control as a result of compost addition (Table 10). 

Table 10. Effect of compost on corn grain yield in Taiwan (162). 

Compost 
addition 

(mt/ha) 
0 
5 

10 

Corn 
Sorin£ croP 

3.05 
3.70 
4.05 

grain yield 
Fall crop 

(mt/ha) -
3.20 
3.82 
3.92 

Pelletized compost from the Fairfield Engineering Company was investigated 
as a soil amendment and nutrient source for sorghum forage in a greenhouse 
pot expe~iment (71). The pelletized compost was mixed with Arredondo sand 
at rates equivalent to 8, 16, 32, and 64 mt/ha. These treatments were 
compared to unfertilized and fertilized controls. The fertilized control 
received the equivalent of 2 mt/ha of 16-4.4-8.3 fertilizer. The 
application of 8 mt/ha or more of compost increased sorghum yields over the 
unfertilized control. However, only the highest rate of compost addition 
(64 mt/ha) produced greater yields than the fertilized control. 

Results from a two year study in which co-compost from Johnson City, 
Tennessee ~as applied to Sango silt loam are reported in several sources 
(48, 95, 139, 140, 152). Co-compost ~as applied to field plots at 'va:-ious 
rates during the fall and/or spring over a t~o year pe:-iod. Nitrogen 
fertilizer vas also applied at 0, 90 or 180 kg/ha. Results £:-om this study 
a~e presented in Table 11. 
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!able 11. Yield of forage sorghum as influenced by co-compost and 
fertilizer N (95).· 

Compost addition Annual N Forage sorghum yields 
1st vr. 2nd vr. Total addition 1st vr. 2nd vr. 3rd vr.* 
-----(mt/ha)----- (kg/ha) --- -(mt/ha)-----

0 0 12. l 6.3 9.4 

14 9 23 0 13.0 7.5 11.4 
23 18 41 0 i3.9 9.1 12.5 
1.6 36 82 0 13.9 1 o. 4 13.0 
92 72 164 0 15.5 11.7 13.6 

183 144 327 0 16.8 14.0 15. 1 

28 18 46 0 14.2 8.2 12.5 
28 18 46 90 17.8 12.3 12.4 
28 18 46 180 20.0 12.8 12. 2 

0 90 15.5 10. 1 10.7 
0 180 18.4 11. 5 10.6 

* This crop was grown without additional compost or fertilizer in order to 
measure residual effects. 

Sorghum forage yields increased at a curvilinear rate with increases in co
co~post rates. Fertilizer N plus co-compost resulted in greater yields than 
co-compost alone or N alone. Significant residual effects were obtained in 
response to compost addition, whereas there was little residual effect fro~ 
the N only treatments. During the first year of the study, 28 metric tons 
of co-compost or more produced as much sorghum as 90 kg/ha of N. In the 
second year, a total of 82 metric tons of co-compost was necessary to 
produce yields equivalent to 90 kg of N. 

Sorghum was also grown in a study using compost as an ~endment in 
.recl~a:ion of phosphate mining sand tailings (70). Compost was 
incorporated into the tailings annually for two years at rates of ·35 and 70 
mt/ha, with and without N-P-K fertilizer. Sorghum was planted in the 
spring of both years of the investigation. During the first year, sorghum 
grain yields in the compost only plots approached zero. Grain yields were 
greatly improved the second year which possibly indicated a residual 
ef:ect. In both years, co~post plus mineral fertilizer resulted in 
superior yields compared to fertilizer only treatments. 

w~eat and Barlev 

A greenhouse experiment conducted in Austria utilizing co-compost from 
Siggerw!esen found that a volume mixture of 50% compost and 50% topsoil 
produced 57% greater yield of barley grain compared to topsoil alone (87). 
Barley planted in 100% compost doubled the grain yield of barley grown in 
topsoil alone. 
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In a f,ield experiment conducted during the 1940s in Great Britain ( 46) , 
researchers found that the addition of 5.8 to 11.6 tons per acre of 
fermented town refuse to a clay loam soil increased bar·iey and wheat yields · 
by an average of 610 pounds per acre. 

Duggan (30) reported that the incorporation of 15 to 30 tons per acre of 
co-compost in east Tennessee had produced favorable responses in wheat, 
barley, oats and rye growth. The application of co-compost and inorganic 
fertilizer to heavy clay soils have resulted in significant increases in 
small grain yields when compared to treatments receiving only inorganic 
fertilizer. 

Greenhouse research conduct~d in India in which compost was added to potting 
soil at rates equivalent to 10, 15, 20, 25, and 30 mt/ha and planted to 
wheat found a linear relationship between yield and compost application 
rate (138). The addition of each 5 mt/ha increment of compost resulted in 
a 28 to 44% increase in grain and dry matter yield. 

In a field study also conducted in India, two compost materials from Bombay 
were applied to a black clay vertisol soil (97). One material was sieved 
C2=) and the other granulated. Both composts were applied at 5. mt/ha. 
All treatments except the. control received 100, 22, and 42 kg/ha of N, P, 
and K, respectively. Table 12 presents the results of this study. The 
application of ~-P-K with the composts did not significantly increase the 
wheat yield over the NPK control. 

Table 12. Effect of two compost types,on the yield of wheat (97). 

Control 
NPK control 
S::.eved COt:lpOSt 
G~anula:eC coooost 

Oats 

Wheat vield 

ilO 
3069 
3420 
3522 

kg/ha 
724 

4267 
5481 
504 i 

Compost from Largo, Florida was applied to Leon fine sand at rates 
equivalent to 0, 2, 8, 32, 128, and 512 mt/ha ip a greenhouse pot 
ex?er::.ment (68). The soil, which had a pH of 4.4, was limed at a rate 
equivalent to 4,500 kg/ha. The oats planted in the highest rate of compost 
(512 mt/ha) germinated 3 to 5 days later than the other seeds. After 6 to 
i weeks of growth, N deficiency symptoms appeared in the control pots. 
~~ter 12 weeks, N deficiency was apparent for the 2 and 8 mt/ha trea;ments, 
also. Total yields of oat foliage were increased significantly over· the 
control by all treatments. Results from a similar'study by the same 
researchers (69) did not show a significant yield increase from compost 
addi:ion with the exception of the 512 mt/ha application ~ate. At this 
rate, the oat foliage yield was approximately twice that of the control 
after 5 weeks of growth. 

. ' 
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The effects of fresh compost (composted 1 week) and ripe or rotted compost 
(composted 6 to 9 months) application have been compared in a potato-rye
oats rotation (36, 143). The compost materials were applied at the start of 
the th~:ee year rotation. After th~:ee 3-year rotations (total 9 yea~:s), the 
average oat yields were approximately 3100, 3600 and 3800 pounds per acre 
for the control, ripe compost, and fresh compost treatments, respectively 
(143). The fresh compost had a negative yield effect, however, on potatoes 
which were grown the year of compost addition. After the fresh compost had 
stabilized in the soil for one year, it resulted in higher yields compared 
to ripe compost for the crops grown in the second (rye) and third (oats) 
year of the rotation. 

Compost f~:om Gainesville, Florida was applied at 35 and 75 mt/ha per year 
for a two year period to reclaim phosphate-mining sand tailings (70). In 
addition to the compost, 2 tons/ha of a 10-4.4-8.3 fertilizer was applied 
each year. Oats were planted in the fall of each year following the 
harvest of sorghum from the same research plots. Tne yields of oat forage 
were significantly increased by the compost treatments, even though they 
were extremely low compared to normal agricultural yields (Table 13). 

Table 13. Oat forage yield from compost amended phosphate-mining sand 
tailings (70). 

Compost 
aoolied 
( wt/ ha) 

0 
35 
iO 

Field Beans 

Oat forage vields 
First vear Second vear 
------ ( kg/ ha) -------

998 
1295 
1292 

2144 
3191 
3860 

A three year field study investigated the response of field beans to co
compost application (47, 48). Co-compost from Johnson City, Tennessee was 
applied at rates of 56, 112, and 224 mt/ha annually for three years. 

Field beans were planted after harvest of sweet corn in July and harvested 
i:1 October. Prior to planting the beans SO kg/ha of N was disked into the 
soil. Half of the treatment plots received no further co-compost add'itions 
other than the first one so that residual effects could be investigated. 
Tables 14 and 15 present the yield data obtained from this study. In 
general, t.he annual application of co-compost either increased or had no 
effect on vine yields. Pod yields were generally unaffected by co-compost 
addition. There did not appear to be any significant trend that could be 
attributed to residual co-compost effects·. Even though this research did 
not find major yield benefits attributed to co-compost addition, one point 
must be considered. Large volumes of co-compost were applied throughout 
the course of this study, 224 to 896 mt/ha without apparent negative 
effects on the crop. Perhaps, the results would have shown a more 
beneficial effect if the research plots had not received an:1ual 
appli~ations of S fertilizer. 
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Table 14. Response of field beans to annual co-compost additions (48). 

Yields of vines ( v) and £Ods ( p) 

Annual compost First vear Second vear !hi rd vear Fourth vear 
addition* v p v p v p v p 

(mt/ha) ----------------- ( kg/ha) -----------------------
0 990 1327 1677 1254 1011 645 1606 516 

56 1463 1060 1425 1278 1214 774 1630 582 
112 1625 1084 1583 1264 1419 749 1685 544 
224 !425 1425 1538 1398 1472 577 1584 548 

* All treatments received annual additions of 50 kg N/ha. 

Table 15. Response of field beans to a.single co-compost addition (48). 

Yields of vines (V) and oods (P) 
Initial compost First vear Second vear Tr.i rd vear Fourth vear 
addition* v p v p v p v p 

(c•/ha) --------------------- (kg/ha) -----------------------
0 990 1327 1592 1296 111 9 75 7 1658 558 

56 1463 1060 1629 1020 1244 785 1538 610 
112 1625 1084 1602 1199 1195 571 1746 534 
224 1425 1425 148! 1275 1260 855 !680 529 .. 
All treatments received annual additions of 50 kg N/ha. 

Fora~e and Turf Grasses 

The effect of compost on the yields of corn, oat, and sorghum ·fotages in 
bo:h field and greenhouse studies has been discussed in preceding sec:ions. 
This section ~11 focus on the effects of compost on the yields and gro~th 
of be=muda grass, tall fescue, and turf grasses. Before these results are 
discussed there is one important point or precaution that must be considered 
~hen utilizing solid waste composts on forage or pasture land. One must 
be a~are of the possible presence of foreign materials, such as glass and 
metals in compost. Grazing animals could potentially ingest these 
materials and be harmed if the particles are large enough. Compost used on 
pasture land should be finely ground or screened to remove objectionable 
materials. 

Bermuda grass, a common forage species to the southern United States, ~as 
gro~ in a two-year field study evaluating co-compost from Johnson City, 
Tennessee (48, 95, 139, 140, 152). Co-compost ~as topdressed at rates of 
0, 9, 18 and 27 mt/ha to established bermuda grass sod. At the beginning 
of :he second year, co-compost ~as applied to the same plots at triple the 
rates of the first year. Nitrogen was also applied to the co-compost plots 
at 0 and 180 kg/ha. Table 16 sho~s the effects of co-compost and N on the 
yield of bermuda grass. All N fertilizer treatments significantly 
increased bermuda grass_yields. Of the co-compost only treatments during 
:he first year, only the high compost rate produced significantly more 
forage :han the untreated control. During :he second year, all cocpost 
rates ou:-yielded the control. 
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Table 16. Effect of co-compost and N fertilizer on bermuda grass yield 
(48, 140). 

Cornoost Rate Annual N Forage Yield 
First vear Second Year Rate First veat Second veat Ave 
--------(mt/ha)- ( kg/ha) -----(mt/ha) ------

0 0 0 6.5 2.7 4.5 
0 0 180 11.4 5.6 8.5 

9 17 0 7.4 4.0 5.6 
9 27 180 11.2 6.5 8.7 

18 54 0 7.6 6.3 5.8 
18 54 180 12.5 7.2 9.9 

27 81 0 7.8 4.7 6.3 
27 81 180 11.9 13. 4 9. 2 

The effects .of co-compost, limestone, and NPK fettilizer on the yield of 
tall fescue were measured in a greenhouse pot experiment {141). Co-compost 
from Johnson City, Tennessee was mixed with a very acid, eroded Hayesville 
soil at rates equivalent to 0, 45, and 90 mt/ha, with and without NPK 
fertilizer, and with and without ground limestone. The tall fescue 
responoed markedly to applications of NPK fertilizer plus lime or co
compost, compost alone, and lime with co-compost. Essentially no yield was 
obtained from fertilizer without lime or co-compost. 

An unpublished field study. in Canada evaluated the suitability of compost 
as a soil amendment used to grow turf grass subjected to wear stress (34). 
Compost from Downsview, Ontario was applied to a Fox sandy loam soil at 
rates equivalent to 5, 10, 20, 40, and 100 mt/ha. The plots were seeded 
with a mixture of Kentucky bluegrass, red fescue, and perennial ryegrass. 
The compost treatments .were compared to plots receiving the equivalent of 
20, 40, and 80 mt/ha of sphagnum moss peat. All plots received sufficient 
P and K. The researchers found that compost was easier to apply and work 
into the soil than was the moss peat. At 71 days after seeding, seedling 
growth was generally better on the compost treatment compared to the moss 
peat treatments. After one year, turf density tended to be less on the 
peat-treated plots but was not sufficiently different from the compost
treated plots. For equivalent application rates, there was no significant 
difference in the wear tolerance of turf between the two organic 
amendments. However, turf on the peat treacments did not recover from wear 
stress as well as the turf on the compost treatments. It was concluoed 
that compost appeared to be more suitable as an organic soil amendment than 
::Joss peat for well-drained, ·low fertility soils. 
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Tomatoes 

Minnesota is not a large producer of tomatoes. Generally, tomatoes are 
grown for local markets by truck farms and roadside vegetable stands. 
Tomatoes are also grown in greenhouses for commercial distribution. The 
follo~ing research results indicate that compost should be supplemented 
~ith mineral fertilizer to obtain optimum yields. 

Various mixtures of Phoenix, Arizona compost and Mohave sandy clay loam, 
~ith and ~ithout additional fertilizer N, ~ere used to study the effects on 
tomato plant gro~th (44). The compost:soil ratios .used were 1:0, 1:1, 1:2, 
1:4, and 0:1 on a volume basis. The mixtures ·~ere placed in greenhouse 
pots and planted to tomatoes. The compost treatments .. (~ithout N 
fertilizer) outyielded the unfertilized control treatment by 2.6 to 3.1 
fold. These treatments produced yields approximately equivalent to the 
fertilized control. The compost only and soil only treatments produced 
yields that were approximately equal. There was a definite interaction 
between N and compost additions. Highest yields were obtained when 
treatments consisted of both N fertilizer and compost. Results of this 
study are provided in Table 17. 

Table 17. The effect of compost and N fertilizer on yield of the 
aerial portion of tomato plants (44). 

Treat:nen:11: Cocoost Rate** Yield (g;oot) 
Unfertilized control 

Fertilized control 

Cocpo s t 

Compost plus N 

low 
medium 
high 

low 
medium 
high 

" Equivalent rates of N (O.l:) were 
and compost plus N treatments. 

0.91 

2.55 

2.86 
2.38 
2.45 

6.i3 
7.60 
6. 54 

added to the fertilized 

** Compost:soil ratio • lo~ (1:4), med. (1:2), high (1:1). 

In another study, the effect of compost, N and P fertilizers on tomato 
growth was investigated in the greenhouse (43). Compost was obtained from 
Sacramento, California •. Soil types included Mohave sandy loam and Mohave 
clay loam. Compost applied alone, at rates equivalent to 2 and 10 
tons/acre only slightly influenced dry matter yield on the clay loam soil 
and had no significant influence on the sandy loam soil. It was determined 
that compost did not contribute N and P to the crop during its initial 
stages of deco:tposition. These elements' were apparently i=obilized by the 
~icroorganiscs contained in the so~ls Yhich were of low native fertility. 
~nenever compost was f~rtified with either Nor P, better tocato growth 
:esulted. The highest dry matter yields were obtained :rom treat:~en:s· 
receivi~g compost fortified with both N and P. 
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The effect of compost on greenhouse tomato yields was also studied in Hong 
Kong (18), Compost from Chai Wan was mixed with a sandy soil at rates 
equivalent co 25, 50, 75, 100, 125 and 150 mt/ha. An unfertilized and 
fertilized (300 kg N/ha, 180 kg P/ha, and 300 kg K/ha) control were used 
for comparison. All treatments significantly increased tomato yields 
compared to the unfertilized control. The highest total dry matter yield 
was obtained by th.e fertilizer treatment followed by ttie 125 mt/ha and 75 
mt/ha compost treatments. Highest fruit yields were obtained by the 
fertilized control. 

Leafv Ve~etables 

The literature shows various responses to the application of compost by 
leafy vegetables: such as cabbage and lettuce. In a field study conducted 
in England during the 1940's, compost and/or mineral~ fertilizer were 
applied to research plots (9). The N fertilizer was applied at a -rate of 
32 pounds N per acre. The compost application rate was not provided. The 
results of this st~dy are presented in Table 18. 

Table 18. Effect of compost and fertilizer N on cabbage yields (9). 

Trea:~ent. Fresh weight vield (tons/acre) 

Control 
N only 
Compost only 
Comoost olus N 

14. 1 
16.9 
19.2 
20.6 

The addition of compost significantiy increased cabbage yields over the 
control and N fertilizer only treatments. The application of both compost 
and S fertilizer further increased cabbage yields. 

In another field study conducted in Scotland, compost application rates 
equivalent to 25, SO, and 100 mt/ha did not significantly increase cabbage 
yields in either season of the' two-year study period ( 115). Yields of 
lettuce, which was grown during the second year only, did not respond to 
compost addition either. 

In Japan, the continuous cropping of cabbage results .in progressively 
poorer yields. The yield reductions are attributed to damage caused by 
bacterial soft rot and sclerotinia rot. The use of compost in cabbage 
productioo on a Kuroboku soil was investigated by Nishimune et al. (104). 
Continuous cropping of cabbages resulted in a 50% yield reduction over a 
five year period as compared with yields in new fields. Repeated 
applications of compost alleviated the depression of cabbage growth by 
continuous cropping and increased marketable yields. The effects, however, 
were not enough to exceed the yields in new or rotation :ields. 
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In Germany, spinach, lettuce, and cabbage were grown on two different soil 
types which received ·high rates of compost in a greenhouse pot experiment 
(63). The compost was applied at rates equivalent to 0, 100, 150, 300, 
600, and 900 mt/ha. In general, the compost applied to the alkaline soil 
had little effect on vegetable yields. However, compost applied to the 
acid soil increased yields significantly at the higher application rates. 

In a greenhouse study conducted in Hong Kong, two varieties of cabbage were 
grown in compost/soil mixtures equivalent to compost additions of 8.4, 
25.1, 126, and 168 mt/ha (167). The equivalent of 2 mt/ha of a 15-21-18 
fertilizer ·was added to the sandy soil to represent a fertilizer control. 
The .fertilizer. control out~yielded all compost treatments. All compost 
treatments, with the exception of the highest rate, produced significantly 
greater yields compared to· the unfertilized control. The cabbage yields of 
the 126 mt/ha compost treatment was approximately 60% of the yield obtained 
by the fertilized control. In a second greenhouse study, the same 
varieties of cabbage were grown using the same soil type and compost 
material (18). This time, however, the compost application rates were 
equivalent to 2S, SO, 7S, 100, 12S, and 1SO mt/ha. As with the previous 
experiment (167), the fertilized control produced significantly greater 
yields than the compost treatments. Of the compost treated soils, yields 
of the SO, 75, 100, and 125 mt/ha treatments were non-significantly higher 
than that of the unfertilized control. The highest compost application 
(150 mt/ha) resulted· in a significantly lower yield than the unfertilized 
control. 

The responses of lettuce and celery to a refuse compost produced in Belgium 
were opposi~e (157). Increasing quantities of compost resulted in a 
decrease in the yield of lettuce whereas it produced a yield increase in 
celery. The highest compost application rate reduced lettuce yields by 60% 
and increased celery yields by 40h. 

Vlam:!.s and Williams ( 158) grew lettuce in greenhouse pots to which various 
~ixtures of Red Bluff clay loam and compost had been added. Tne compost 
application rates were. equivalent to 20, 40, and 60 tons/acre. Tne 20 and 
40 ton/acre application rates more than doubled and tripled lettuce yields, 
respectively. The 60 ton/ acre rate produced a yield equivalent to the 20 
ton/acre rate fortified with 200 lbs/ac of N. 

Root Croos 

Most of the literature reviewed indicates that root and tuber crops respond 
positively to compost addition. This effect is likely due not only to the 
nutrients provided by the compost material but also to improving soil 
physical characteristics. 

Carrots grown in a sandy soil amended with compost produced as much or more 
total yield (roots plus tops) than with fertilizer. alone (18). The compost 
was obtained from the Chai Wan refuse composting plant in Hong 'Kong and was 
~::.xed with soil at rates equivalent to 25, 30, 7S, 100, 125 and 150 mt/ha. 
The :::ixtures were placed in a greenhouse and carrots were harvested after 
150 days of growth. The compost treatments were compared to unfertilized 
and :ertilized (300 kg N/ha, 180 kg P/ha, and 300 kg K/ha) treatments. The 
edi~le root yield of plants grown in the 7S, 100, and 125 mt/ha compost 

. ''! 

. ' 
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treatments were equivalent to yields obtained by the fertilizer treatment. 
The 25 and 150 mt/ha compost treatments produced less root yield compared 
to the fertilizer treatment, The highest root yield was obtained by the SO 
mt/ha compost treatment which produced a yield approximately SO% greater 
than the fertilizer treatment. 

Turnips were grown in field plots in Austria (87). Treatments included 
topsoil only~ co-compost only, and topsoil plus co-compost mixed at a 50:50 
ratio. The co-compost was obtained from the composting facility in 
Siggerwiesen. Bulb weight yields of the co-compost only and topsoil only 
treatments were equivalent. However, when the co-compost was mixed into an 
equal volume of topsoil, turnip yields were 62% greater than either topsoil 
or co-compost alone.' 

Researchers in Germany collected soils from vineyards which were formerly 
amended with increasing rates of compost, up to 900 mt/ha (63). Carrot, 
radish, and onion yields of the compost treated soils were equivalent to or 
significantly greater than those yields obtained from untreated soils. 

Hortenstine and Rothwell (68) mixed various rates of compost from Largo, 
Florida with Leon fine sand. The mixtures were placed in greenhouse pots 
and seeded to oats. After two cuttings of oat foliage, the oat roots were 
removed and radish seeds planted. The mixtures represented compost 
application rate~ ~f 2, 8, 32, 128, and 512 mt/ha. Yields of ,fresh radish 
roots and tops w~re significantly increased by the highest rate of compost 
addition only. It was thought that most of N was removed by the oat crop 
in the other tr~atments. 

A second greenhou?e study was conducted by Hortenstine and Rothwell (69) 
utilizing the same soil type and compost as those discussed in the 
preceding paragraph. The compost application rates were also the same as 
those used in the ~arlier study (68). Oats, turnips and radishes were 
grown consecutively. Oat foliage was cut at 5 weeks, turnip and radish at 
6 weeks. Turnip foliage yield increased significantly in the three highest 
compost treatments. Nitrogen deficiency symptoms appeared in the two lower 
compost and control treatments. Radish foliage yields were· greater in the 
128 and 512 mt/ha compost treatments only. Nitrogen deficiency s;~ptoms 
were apparent in the other compost treatments. It was concluded that for 
this particular compost, that additional N should be applied if compost 
application rates were less than 32 mt/ha. This addition would be 
necessary to overcome initial i=obilization of N by soil microorganiscs. 

Field research in Scotland located at a site having a sand and gravel soil 
(Darvel series) determined the effect of compost on potato )~elds (115). 
Field plots were treated with compost from Edinburgh at rates of 0, 50, and 
100 mt/ha. In additio-n, all plots received inorganic fertilizer. Potato 
tuber y~elds from both compost treatments were s~gnificantly greater than 
that of the control. 

~'scellaneous CroDs 

Several examples of compost research exist which do not fit ~~thin the crop 
categor:es prev:ously reviewed. ' The followir~ paragraphs will present the 
effects of co~post on yields of. peas, tobacco, cotton, rice, and grapes. 
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Composr from Edinburjh, Scotland was applied to a sandy soil at rates of 0, 
SO, and 100 mt/ha in a field experiment (115.). The compost treatments 
resulted in significant increases in yields of peas and pods over that of 
the no compost treatment. It was thought that the responses were due to 
improved soil physical conditions. 

In Tennessee, more than 100 farm demonstration plots were established over 
a three-year period to determine the value of co-compost as an organic 
amendment for growing burley tobacco (30). Results indicated that positive 
yield responses were obtained at rates of 15 to 40 tons/acre. The most 
significant increases in tobacco.yields resulted from co-compost 
applications on heavy clay soils. Limited responses were obtained with 
rates less than 1S·tons per acre. 

Cotton was grown in greenhouse pots containing various mixtures of compost 
(Sacramento, CA), nitrogen fertilizer, and/or phosphorus fertilizer (43). 
Compost treatments were equivalent to 2 and 10 tons/acre. Cotton was 
planted after the potting mixtures had first been used to grow tomato 
plants. Thus the results obtained by growing cotton represented a residual 
effect of the various treatments. The addition of compost, with or without 
fertilizer, was found to increase the dry matter yield of cotton plants 
over the soil alone. Highest yields were generally obtained by the 
nitrogen plus compost treatments. Two tons of compost appeared to give the 
same response as 40 pounds or more of N. 

Iron chlorosis of rice is a problem of some highly calcareous soils of 
India. The response of rice to various iron carriers, with and without 
compost, was studied in India by Sakal, et·al. (120). A field experiment 
was conducted on a calcareous sandy loam soil (pH 8.9) to which various 
rates of FeS04, pyrite and compost were applied. All plots received a 
basal dose of 110 kg N/ha, 25 kg P/ha, 33 kg K/ha, and 5 kg Zn/ha. 
Selected results are provided in Table 19. 

The response to FeS04 or pyrite was enhanced when applied in conjunction 
witq compost. It was thought that the production of chelating agents from 
the compost may have helped in keeping Fe soluble, and consequently more 
3vailable to the rice. It was concluded that the efficiency of applied Fe 
may be improved by mixing Fe carriers with compost before adding to soil. 

Table 19. Effect of compost and iron carriers on yield of rice (120). 

Yields 
T:eat::=ent Grain Straw 

----- (q/ha) ----

Control 34.0 59.3 
10 q pyrite/ha 36.7 65.3 
10 mt cocpost/ha 40.0 69.0 
so kg FeS04/ha 42.7 72.7 
10 q ;:>yrite + 10 mt compost/ha 44.7 74.0 
50 kz FeS04 + 10 wt compost/ha L.8.0 78.3-
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The response of rice to compost from Bangkok, Thailand was studied in the 
field at eight locations throughout Thailand over a period of four years 
(78). In general, the application of 1.8, 3.1, and 6.2 mt/ha of compost 
increased rice yields proportional to the amount used. Average ,yield 
increases over the four year period were approximately 11, 21, and 30 
percent, respectively, for the 1.8, 3.1, and 6.2 mt/ha compost treatments. 
Y~elds were further increased by supplementing the compost with N and P 
fertilizer. The combination of compost plus fertilizer produced better 
rice yields than the compost or fertilizer treatments did alone. 

IV. CHANGES IN SOIL PHYSICAL PROPERTIES IN RESPONSE TO COMPOST APPLICATION 

Bulk Densi~v 

Bulk density (BD) is the weight of oven-dry soil per unit soil.volume. BD 
is. an index of a soil's general physical condition in that. it is related to 
a 'soil's porosity, hydraulic conductivity, aggregation and composition. 

Table 20 summarizes the findings of several studies which investigated the 
effect of compost addition on changes in BD. In general, compost addition 
decreased soil BD. Soil ·BD values decreased as the rate of compost applica~ 
tion increased. The reduction in soil BD may last for as long as 36 mon:hs 
at relatively·high compost application rates (32, 48). 

Soil BD values were reduced regardless of soil texture for the medium and 
fine textured soils summarized in Table 20. Research determining the 
influence of compost addition on the BD of coarse-textured soils could not 
be found. The reduction of soil BD appeared to be influenced pr~arily by 
the rate of compost addit~on. The reduction in soil BD was probably due 
not only to the dilutional effect of adding less dense organic matter to 
the more dense mineral matter but also to increased soil ~ggregation. 
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!able 20. !he influence of compost addition on soil bulk density. 

Cumulative 
Soil Application application Bulk Measurement 

Reference tvoe period rate densitv taken 
( yrs •) (mt/ ha) ( g/ cm3) (mo) 

48, 152 Sango sil 2 0 1.37 6 
46 1. 32 

163 1. 22 
326 1. 12 

48 Sango sil 2 0 1.50 36 
46 l. 45 

163 1.44 
326 1.43 

'? J~ Holston 1 4 0 1. 56 1 
~00 l. 44 
200 1.28 
800 0.85 

32 Holston 4 0 1. 71 36 
200 1.41 
400 1.29 
800 1. 12 

162 Clay latosol 0 1.16 
20 1. 12 
40 1. 15 

164 Guelph 1 2 0 1.38 33* 
376 1. 25 

80 Cecil c 0 l. 66 
9 l. 64 

18 1. 62 

* Uncomposted municipal solid waste 

Aggregation, or the binding together of individual soil particles, gives 
rise to what is known as soil structure. Typically, a well-structured soil 
has greater resistance to the forces of erosion and has improved air-water 
relationships. In general, hydraulic conductivity, infiltration rate, air 
diffusivity, surface drainage, and ease of root penetration will increase 
with increasing aggregation. 

I~proving or increasing aggregation is more desirable on finer textured 
soils such as silt loams, clay loams, and clays. A fine t·extured soil will 
behave ouch like a coarse one, if its clay and silt particles are bound 
together into granular aggregates. ~odern-day far.ning techniques such as 

··, 
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conventional tillage, row cropping, and complete vegetation removal can 
decrease the percentage of aggregates in surface soils and can completely 
destroy surface soil structure. The need to increase soil aggregation in 
many situations is apparent. The aggregates formed however, must be · 
resistant to destruction by the forces of water (e.g., rain drop impact, 
erosion) and tillage operation. 

!able 21 summarizes the findings of two studies in which the percentage of 
water-stable aggregates were determined in soils amended with compost. 
these limited results suggest that the addition of compost has little or no 
effect on the number of stable aggregates. This finding was to be expected 
since the unamended soils already had high levels of water-stable 
aggregates. Research is needed to study the influence of compost addition 
on structureless, fine. textured so::.ls (puddled) W::.th low levels of water
stable aggregates. 

Table 21. The influence of compost addicion on· the percentage of stable 
soil aggregates. 

C=ula tive 
Soil Application Application Stable Heasuremen t 

Reference TYPe Per::.od Rate Aggregates Taken 
( yr s.) (mt/ha) (I.) ( mo) 

164 Guelph 1 2 0 51.0 33 
376 54.0 

162 Clay 
latosol 0 56.8 1 

20 59.4 
!.0 59. 1 

?oce s::. ze n:.st:-ibution 

Another .:..mportant soil physical characteristic is that of pore size 
distribution. According to Greenland (54), pores smaller than 50 m are 
considered storage pores. Storage pores-are ioportant water and nutrient 
reservoirs for plants and microorgan::.sms. The addition of compost to a clay 
so::.l appears to decrease the percentage of storage pores (123) (Table 22). 
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Table 22. The influence of compost .addition on pore size distribution. 

Cumulative Pore 
Soil Application Application Size Measurement 

Reference Tvpe Period Rate Classes Taken Remarks 
( yrs.) (mt/ha) (;() (mo) 

a b c after 6 
123 Marine 1 0 5 52 43 wetting/ a • 30-50 :..m 

clay 88 2 70 28 drying b - 50-500 :.. m 
176 2 68 30 cycles c - 500-1000 :.. m 

lOS Loam 0 2.8 57.9 39.3 8 a = <75 -:ll 

60 . I. 8 60.2 38.0 b - 75-52S ~m 
c E >S25 
rvegrass 

Pores larger than SO :..m are generally drained at field capacity. Pore 
d:i.ameters ranging from 50 to 500 ~m are considered transmission pores by 
Greenland (54). These pores are important for the movement of water and 
the exchange of gases. Transmission pores are also important for root 
penetration. According to the results summarized in Table 22, the 
percentage of transmission pores are increased by compost application. 

Lastly, pores greater than SOO :;:n in diameter are termed fissures. A high 
percentage of fissures is usually considered an index of poor soil 
structure (107). Table 22 shows the addition of compost decreases the 
percentage of fissure sized pores. 

~c!s:ure Re:en:ion 

The addition of compost increases soil moisture retention at both field 
capacity (0.1 or 0.33 bar) and wilting point (1S bars). This effect is 
sc::nmar:i.zed :i.n Table 23. Tne :.ncrease in >:ater-holding capacity (weight 
bas:i.s) at various matric potentials of compost-treated soils :i.s probably 
due to the :i.ncrease :i.n total porosity and the water absorption capacity of 
or;;anic matter. 

ine greatest percentage increases in :no:.sture retention at both field 
capacity (FC) and wilting point (WF), were generally for treatments on 
coarser textured soils or ~~en using higher application rates.(Table 23). 
For instance, a total application of 376 mt/ha of compost to Guelph loam 
over a two year period caused an increase in percent of water held at both 
FC and WP of only 7 and 3%, respectively (164), whereas a lesser application 
rate (256 mt/ha) on Arrendondo sand increased percent water at these 
par~eters by 43 and 40% (7). 

7he changes :.·n plant available water holding capacity (AWC), or the 
difference between moisture retained at FC and wP (weight basis) were 
var:.able ('Table 23). Two studies, one on a fine sand (69) and the other on 
a loa= (164), found very little increase in AWC even at application rates as 
:-. .:.5h as 512 :::t/na. In another study wnere cocpost ~-as used to reclaim· sand 

;,.m 
croP 
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size tailings from phosphate-mining, available water holding capacity almost 
doubled from the addition of 70 mt/ha of compost, and almost quadrupled when 
140 mt/ha was applied (70). 

Runoff and Soil Loss 

The application of compost has been found to reduce runoff and resultant 
soil loss. Unpublished data from Eggens and Wright (33) show,research 
plots in.a land reclamation project without any type of soil protection had 
23% erosion. However, when 400 m3/ha of compost were applied to plots 
having the same slope (22%), no erosion was apparent. 

In Germany, a large percentage of the compost produced is used on the 
hillside vineyards of the country. Table 24 summarizes the research 
results of Banse (6) from studies investigating the effect of compost on 
soil loss and runoff from SO% (30 degree) slopes of a vineyard at Bad 
Kreuznach, Germany. 
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Table 23. The influence of compost addition on soil moisture retention. 

Reference 

48, 95, 
140 

7 

70 

69 

162 

164 

Sci 1 tvpe 

Sango sil 

Arrendondo s 

Sand 
tailings 

Leon fs 

Clay latosol 

Guelph 1 

Applic. 
period 
(yr.) 

2 

2 

2 

1 

2 

Cumulative 
Application 

rate 
(mt/ha) 

0 
164 
327 

0 
32 
64 

128 
256 

0 
70 

140 

0 
2 
8 

32 
128 
512 

0 
20 
40 

0 
376 

Water 
.Retention 

FC WP AWC 
(% by weight) 

11. 1 
13.0 
15.3 

4.77 
5.03 
5.62 
6.01 
6.82 

2. !8 
2.95 
3.71 

6.42 
6.45 
6.65 
7.34 
8.15 

10.79 

32. 1 
32.6 
33. 1 

21.7 
23.2 

3.38 
3. 60 
4.15 
4.26 
4.73 

1. 86 
2.33 
2.54 

3.84 
4.00 
3.96 
4.36 
5.52 
8.10 

10.9 
11 • 2 

1. 39 
1. 43 
1. 4 7 
1.75 
2.09 

0.32 
0.62 
1. 17 

2.58 
2.45 
2.69 
2.98 
2.63 
2.69 

10.8 
12.0 

!1easure
ments 
taken 

(me) 

6 

1. 5 

6 

5 
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Remarks 

greenhouse 
FC at 0.1 at:n 

greenhouse 
FC at 0.! at:n 

2 compos:: 
applications 

uncomposted 

FC ~ (field capacity) water retained at 0.33 bars unless othervise noted'. 
WP =·(~ilting point) water retained at 15 bars. 

AWC = (available waterhold!ng capacity) moisture retained between FC and 
AWC. 

Table 24. The effect of compost application on runoff and soil
lossl (6). 

Cor.oos: A::>::>licat:on Rune f f Soil Loss 
(tons/ acre) (gal/ac) (CU !t/aC) 

0 5500 150 
79 3100 110 
159 400 5 

Values were approximated from a figure. 
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The results obtained show a dramatic decrease in both soil and runoff loss 
with increasing compost application. According to Tietjen and Hart (142), 
compost addition reduces erosion in three ways. First, soil structural 
strength (i.e., aggregate stability) is increased thus increasing 
resistence to erosional forces. Secondly, the compost mulch near the soil 
surface absorbs the energy of· rain drop impact. And thirdly, soil· 
waterholding capacity is increased, thus providing less water for runoff. 

v. S~RY AND CONCLUSIONS 

The results of research referenced in this review indicate that compost 
produced from municipal solid wastes could be useful in modern day 
agriculture. Chemically, the material is a low grade fertilizer with a 
typical_analysis being in the range of 1-0.7-0.6 (N-P20s-K20) percent. 
Because of this, large application rates would be necessary for· crops to 
obtain sufficient nutrition. Also, due to relatively high carbon levels, 
nucrient availability from compost may be low. Based on nutrients alone, 
it would not be cost-effective for a farmer to apply compost. Farmers can 
buy' and apply chemical fertilizers cheaper than they can apply compost, 
even if the compost could be obtained without cost (11). 

Composts may contain substances that are harmful to crops and the consumer 
of the crops. Such constituents, trace metals, toxic organic compounds, 
and pesticides, are at very low levels and probably do not present any 
significant hazard to the user, however. The levels of these constituents 
are dependent upon the materials used to make the compost. Much research 
has been conducted investigating the uptake of trace metals by crops from 
land applied compost (18, 32, 47, 48, 63, ·100, 115, 169). Also, recent 
findings have shown that certain toxic organic compounds degrade during the 
compost process (93, 102, and 124). 

Compost may also contain pathogens depending upon the ingredients used to 
make the compost and the degree of compost treatment. Research would 
indicate that the potential for disease transmission from agricultural use 
o: adequately treated composts is low (SO, 51, 99, 153, 154, and 155). 

Even though compost has relatively low fertility levels and may contain low 
levels of phytotoxic constituents, research results generally show an 
:..mprove:nent in crop yields when compost was added to soil. In add:..tion, 
the efficiency of mineral N fertilizers appeared to increase when applied 
with compost. This effect may be due to initial N immobilization induced 
by the compost application with subsequent N release later in the·cropping 
season when crop N requirements are greatest. 

The major attribute of compost is its organic matter content. Organic 
matter is particularly beneficial as a soil conditioner. The addition of 
organic matter, especially to marginal soils can markedly improve its 
physical condition. Physical properties, such as pore size distribution, 
porosity, bulk density, moisture retention, aggregation, and erosion 
capacity are ~proved by compost application. 
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Application to crop land is not the only agricultural use of municipal 
solid waste compost. Research has shown compost to be superior to wood 
shavings when used as broiler litter (90).' Compost has also been used as a 
feed supplement for young suckling pigs (45). 

There is some indication that compost may be useful in the protection of 
crops from certain plant diseases. Lumsden et al. (85) found a significant 
decrease in plant diseases by plants grown in soil amended with sludge 
compost. The diseases included lettuce leaf-drop, root-rot and damping-off 
of beans, cotton, radish and peas. A few diseases, however, were increased 
by the application of sludge compost. In another study, populations of 
certain plant parasitic nematodes were lowest in compost treated plots, 
whereas, another species of a parasitic nematode was not greatly reduced 
(75). Bacterial soft rot and sclerotinia ~ot of cabbage is suppressed by 
the application of compost (104). Composted hardwood bark has also been 
shown to suppress soil borne plant pathogens and have fungicidal properties 
(24, 64, 66, and 92). 

Another interes:ing concept similar to the agricultural use of compost is 
the land application of shredded garbage - sometimes referred to as garbage 
farming (60). Research by Volk and Ullery (160) on a sandy soil in Oregon 
found decreases in bulk density and an increase in moisture reten:ion. 
Also, so:!.l losses resulting from wind erosion' was reduced by 88i. from the 
applicat:!.on of 200 tons/acre of the shredded garbage. After stand 
establ:!.shment, fescue and alfalfa yields were not markedly changed by 
applica:ion of up to 400 to~~/acre of the waste (161). 

Corn gra:!.n yields from plots receiving 188.mt/ha of unsorted, shredded 
mun:!.cipal refuse were greater than the control and those receiving sewage 
sludge or sludge plus the refuse (81). Yields of rye forage were 
unaffected by treatment. Approximately 16 months after refuse application 
i: was visually est:!.ma:ed that 80i. of the paper in the refuse had 
decomposed to an extent that it was no longer d:!.scerr.ible as paper. webber 
(1~4) reported on changes in soil physical properties of this study. 
Refuse app!ica:ion increased water-stable aggrega:ion and decreased bulk 
density. Moisture retention (vol~e basis) was not affected by refuse 
appl:!.cation. 

Solid waste which had been composted only one week was compared to well
composted (6-9 months) garbage ( 144). In. this study a total of 480 mt/ha 
of the two mater:!.als were applied to plots over a period of f:!.ve-years. 
Potatoes, rve, and oats were grown. Various combinations of N and P were . \ 

also appl:!.ed. On the average, the total yields of the crops receiving the 
one week old compost did as well as those receiving the thoroughly 
composted mater:!.al. 

The forego:!.ng results, as well as similar studies (159) should support the 
:!.nvestigat:!.on of the land application of shredded refuse as an option when 
the produc:ion and distribution of composted municipal solid waste appears 
to be not cost-effective due to high produc:ion costs or low market 
potential. 
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Research results supporting improvement of crop yields by the application 
of composted or uncomposted solid waste were variable. Results were 
dependent upon compost characteristics, application rate, soil type, 
supplemental fertilization, and crop grown. Even though many studies did 
not find significant yield increases, one important finding should be 
remembered. Even at extremely high applications rates (approaching 1800 
mt/ha), rarely did compost or refuse application cause a decrease in 
yields. This finding in itself should support the investigation of the 
agricultural sector as a potential consumer of vast quantities of compost or 
shredded refuse. 

The use of compost-derived soil amendments in agricultural and horticultural 
applications·has considerable potential to reduce waste disposal costs and 
provide positive environmental benefits. Incorporating composting options 
into the total waste management scheme can reduce the dependence on 
landfilling and waste incineration while increasing the degree of recycling 
and resource recovery. Composts can be used to lower total agri~ultural 
production costs by increasing fertilizer efficiency and reducing the total 
amount of comcercial fertilizer needed for the same yield. 

The organic·matter in composts can reduce erosion dramatically and provide 
long-term improvements in soil physical characteristics. There is a 
continuing need for research on the applications of solid waste composts, 
co-composts and shredded refuse to agr.icultural land and reclamation 
projects. The initial research results offer many exciting prospects for 
future implementations of this technology. 
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I. INTRODUCTION 

Disposal of municipal solid waste is a problem of increasing importance in 
Minnesota. Environmental considerations and social pressures have made the 
siting and operation of new landfills extremely difficult. There is also a 
growing attitude tha,t, whenever possible, municipal wastes should be managed 
as potential resources through recycling and other practices that result in 
reuse of materials. These factors have forced the State and individual 
communities to reevaluate their waste management practices and to consider 
alternatives to landfilling. 

The production of compost products from the biodegradable portion of solid 
waste has gained much attention as a landfill abatement alternative. Briefly 
defined, composting is the biological decomposition of organic ~aterials. 
Co-composting is a term applied to the composting of solid waste along with 
another material such as sewage sludge or animal_manure. Ideally, the end 
product of composting is a dark colored, granular material with an a.ppearance 
and odor similar to a rich topsoil. Proponents of composting argue that it 
is more economical and environmentally sound as compared to other solid waste 
management options. They also point to the fact that a usable product is 
created. 

Although many municipalities now practice sewage sludge composting, solid 
waste composting and co-composting experiences in the United States are very 
limited. However, several communities in Minnesota and other states are 
currently considering or planning for solid waste composting operations. 

The success or failure of a compost operation may depend largely on the 
ability to develop and mai:Jtain markets for the end product. Thus, if 
composting is to proceed in a reasonable fashion, it is essential that a good 
understanding of the products and their appropriate uses be developed. It is 
very important that composts and co-composts not be offensive in appearance 
and odor and that the materials are managed in such a way that will optimize 
beneficial effects on plant growt~ while minimizing negative effects on the 
envi:-on:nent. 

The objective of this review is to provide :i.nformation on characteristics of 
sol:i.d waste composts and co-composts that affect their use as soil 
a:llend:llen t s. 

As with actual composting experience, research is somewhat limited. Results 
have not always been consistent. This is probably due largely to differences 
in starting materials, type and duration of the composting process, and other 
factors that affect the quality of the end products. Nonetheless, the 
majority of results suggest that many opportunities exist for compost use in 
agriculture, horticulture, soil reclamation, and public works projects. 

··. 



II. COMPOST XATURITY 

A major concern with the use of compost is product maturity. The addition of 
large amounts of organic matter, particularly fresh or only partially 
decomposed material, can result in negative effects on plant growth. 

One of the more obvious problems is. the relatively high carbon: nitrogen 
ratio of immature or inadequately composted materials. The addition of large 
amounts of highly carbonaceous materials can immobilize nitrogen and cause 
stunting and chlorosis (yellowing) of plants. This phenomenon has been 
observed in several studies involving the use of solid waste composts. 
Duggan (20), for example, noted that large applications of immature composts 
with carbon:nitrogen ratios greater than 30:1 caused observable nitrogen 
deficiency in young tobacco plants. He suggested that nitrogen 
i~obilization may be corrected by adding supplemental inorganic fertilizers, 
reducing the ·rate of compost application, applying the compost early to 
permit adequate decomposition in the soil or by lengthening the composting 
period. A more thorough discussion of the carbon:nitrogen relationship is 
included in the section covering nitrogen. 

In addition to immobilizing or tying up nitrogen, large amounts of fresh or 
partially decomposed organic matter can have negative effects on plant growth 
that are caused by compounds that are produced as the organic matter 
cont=.nues to decompose. Quite often these substances are only intenDediate 
compounds; they do not persist but are further broken do;.-n into other 
compounds as decomposition proceeds. This phenomenon is not limited to the 
use of composted waste products. It is well known that the incorporation of 
certa=.n crop residues into soil can cause growth problems and yield 
reductions in subsequent crops (37). Sweetclover residues, for example, 
contain water soluble substances that have been shown to depress corn 
germination and seedling growth (61). Lynch (58) observed a reduction in the 
growth of roots of young barley plants cultured in different soil slurries 
=:.xed with straw. He attributed the reduc:~on to an accumulation of acetic 
acid produced by decomposition of the straw. Tousson et al. (9i) identfied 
benzoic acid and phenyacetic acid as phytotoxins present in the decomposition 
products of barley sampled in the field. 

Acetic acid has been identified as a phytotoxin also present in immature 
composts (19). Large amounts of the acid (12,000- 26,000 pares per million) 
were found in both aerated and non aerated refuse compost during the first 
month of composting. The acetic acid was still at a toxic level of 500 parts 
per million after two months. After four months no acetic acid could be 
detected. 

Golueke (34) points out that the decomposition of organic matter in soil may 
also lead to the production of a=onia which can be very damaging ·to plants 
especially when present near young plant roots. 

\.iong and Chu (109) noted severe suppression of genDination when seeds were 
treated with extracts of fresh compost. Of the three crops treated (Chinese 
white cabbage, carrot and tomato) the inhibitory effect was most obvious with 
tooato. Less adverse effects were found· with six- week old compost. With 
twelve - ~onth old co~post germination of white cabbage did not differ 
s:.;n:.ficantly from· the control and ger"Jlination of carrot and tomato showed 

. s::gn!ficant differences only in extracts of high concentration (16% and 20%). 
Root elongation was retarded by all extracts with the extent of growth 
reduc:ion ~ost severe with fresh compost extracts and high concentrations. 
:he ·..ro:!<e:s speculated :nat :Jany C:!.ffe:rent facto:-s could have :influenced 

. .'5e::::..:"l.a::.o:1 and :-oot elonga::ion :ncluding ?E, sal: con ten:, ar::non:.a conter.t, 
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ethylene oxide concentration, and heavy metals. They pointed out that the 
toxicity of composts extracts may be different from that of a compost - soil 
mixture in a field situation and that the effects of compost will be 
influenced by soil type, environmental conditions, method of application and 
many other factors. 

Aliphatic hydrocarbons, fatty acids and phthalate esters have been found in 
compos ted :::unicipal refuse by Gonzalez-Vila et al. (35). · They claim that 
that the presence of phthalate esters is not surprising considering their 
resistance to· microbial degardation. Wong and Chu 009) suggested that these 
compounds might play a role in the phytotoxic ~ffects noted with some 
immature composts. However, Gonzalez-Vila points out that the levels of 
these compounds in composts are·very low and claims that a normal application 
rate of approximately fifteen dry tons per acre would add only small amounts 
to the 0 - 8 inch surface layer of the soil and resulting concentrations 
would not be considered toxic • 

Zucconi et al. (112) have studied the effects of composts for several years 
and have concluded that· phytotoxicity during composting appears to be 
strictly associated with the initial stage of decomposition; that it is a 
transient condition possibly connected to the presence of readily metabolized 
~ater~al. They also noted that the phytotoxic effects of immature compost 
were particularly evident when unstabilized organic matter was placed 
in direct contact with an existing root system. They found little or no 
evidence of inhibition when analyzing well cured composts. 

Zucconi and Bertoldi (112) experimented with different materials and found 
that toxicity problems were not limited to compost products. They also 
concluded that toxicity due to organic matter is not necessarily 6£ the same 
o::igin fo:: all materials. Fo:: example, specific rates of peat and manure 
were determined to be toxic to plant growth. But when the two were combined, 
each at one half the original level, the resulting toxicity was less 
:~an i~itially observed for either oaterial applied separately suggesting 
th.st there 10as not an additive effect from the two. Similar results were 
obt.sined in experiments using manure and compost. 

7heir 10ork has sho~~ that generally all crops, with a few notable exceptions, 
are inhibited by i~ature composts. Various experiments were conducted using 
:r.:ee categories of maturity: fresh, i=ature, and mature. Immature co::1post 
produced the most toxic responses 10ith the effects of mature compost being 
noticeably less than those of the other materials • 

~~ny methods have been proposed for estimating the degree of maturity of 
co::1posts so that there can be some assurance that a given compost ~ill not 
cause adverse e:fects on plant gro10th. A co=only proposed parameter for 
assessing maturity is the carbon:nitrogen (C:N) ratio of the finished 
product. A5 decomposition proceeds the amount of carbon is reduced through 
the evolution of carbon dioxide and as a result, the amount of carbon 
relative to the ~ount of nitrogen decreases • 

Furrer and Gupta (30) give a ~arbon:nitiogen ratio less than 20:1 as one of 
:he criteria for defining a well matured, quality compost. Other ratios, 
ranging from 15:1 to 30:1, have been suggested as·limits for establishing 
::laturity. While there is not a solid consensus on the exact value to use, 
there does appear to be a gene::.sl agreement that a low carbon:nitrogen ratio 
is desi:able and its measurement can provide some, .slthough not always a 
=~~?lete, ind!cat!on of cooposc caturity. 



In 1979 Inoko et al._ (50) characterized composts from various Japanese 
cities. They _included samples at different degrees of maturity. In 
observing some of the organic constituents they noted several distinct trends 
accompanying the progress of maturity. Total carbon, hemicellulose, 
cellulose carbon:nitrogen ratio, and the rate of carbon in reducing sugars to 
total carbon all decreased with increased compost maturity while contents of 
total nitrogen, ash and lignin increased. In addition to having a high 
carbon:nitrogen ratio, the authors commented on the "dreadful reek" of 
immature products. They emphasized the need for sufficiently long composting 
and curing periods and also stressed the importance of maintaining aerobic 
conditions,in producing a material that would not be offensive to handle. 

They concluded that the ratio of carbon in reducing sugar to total carbon, 
the content of hot water soluble organic matter, arid: the carbon:nitrogen 
ratio are all useful parameters for. estimating the maturity of refuse 
cocposts. Based on the results of their OI.'Tl work and other published data 
they suggested the following guidelines for assessing the maturity of refuse 
composts: 

1. A carbon:nitrogen ratio below 20:1 
2. A total nitrogen content greater than 2.0~ on a dry 

weight basis 
3. Rate of carbon in teducing sugars to ,total carbon 

less than 357. 

Harada and lncko (3B,39) later speculated that the carbon: nitrogen ratio may 
not provide an accurate assessment of maturity, particularly if materials 
such as se,.,age sludge or manure are added to enhance the compos'ting process. 
The addition of such nitrogen rich materials can result in a significantly 
lower carbon:nitrogen ratio from the very beginning of the composting 
process. The lower ratio reflects the higher nitrogen content rather than a 
reduction in carbon content as a result of decomposition. They found the 
carbcn:nitrogen ratio and cation exchange capacity closely related \Oith the 
carbon:nitrogen ratio decreasing and the cation exchange capacity increasing 
as compost matured. They developed a method fer measuring cation exchange 
capacity on compost products and concluded that a refuse compost ~~th a 
cation exchange of higher than 60 milliequivalents per 100 grams (on ash free 
material basis) could be considered suitably mature. They caution that while 
the test appears to be useful for refuse containing composts, it may not 
necessarily be applicable to other compost types. 

Hirai et al. (40) also contend that the carbcn:nitrogen ratio cannot be used 
as an absolute indicator of compost maturity because the range for well 
composted materials is very wide; from 5:1 to 20:1 depending on the type of 
raw materials used. They analyzed carbon and nitrogen concentrations of 
water extracts from compos::s produced from a variety of organic raw 
materials. They found that for the well matured composts the ratios of 
organic ca::bon to organic 'nitrogen (organic-C/organic-N) were almost ah:ays 5 
to 6 regardless of type of raw materials and concluded that the organic ratio 
is a better indicator of compost maturity than-the ratio of total carbon to 
total nitrogen. 

Their conclusion is suppor::ed by experiments in which the effects of compost 
matur::.ty on the grovth of komatsuna us::.ng garbage and sewage sludge composts 
:Jf d:fferent ::.atu:::ty ;;ere studied (Ld). l:nmature gargage co:::post had an 
:nn:bitory e::ect on plant grow::h at :ates as low as 10 metric tons per 
h~c:a:e. 7he e::ect ~as a:t=~buteC to the presense of low fa:ty acids, 
especially p:opionic and n-buty:ic acids that exi.st in i=ature composts. A: 
~:~n ~oac:~g rates, ~:gh soluble sal: con:ent also caused inhibitory e:fec:s. 

• 



The relative yield of komatsuna correlated. well with the ratio of organ~c 
carbon to organic nitrogen of water extracts from the composts. 

Sugahara et al. (89) found a positive correlation between the degree of 
lightness of compost extracts and the carbon :nitrogen ratio. They termed the 
degree of lightness the st~mulus value Y and showed that it decreased along 
with the carbon:nitrogen ratio as maturation proceeded. It was concluded 
that st~mulus value Y can also be used as a criterion for determining ·the 
degree of maturity of refuse compost. 

Yoshida and Kubota (111) performed gel chromatography on extracts of various 
composts. As composting advanced, the amount of high molecular weight 
molecules in water extracts increased markedly. The chromatograms produced 
using four different types of raw materials showed varying patterns while the 
chromatograms of the four refuse composts showed striking similarities. Even 
though the characteristic components of the chromatogram were not identified, 
it was proposed that the gel chromatogram of a water extract will give an 
effective measure to quant~fy the extent of compost degradation. 

Growth tests have also been used in assessing compost maturity. One such 
standard growth test is the garden cress test in which evaluation is based on 
the percentage of seeds successfully germinating in the test subst"rate. 

Anid (4) showed that percentage of cress germinating in composts of varying 
::;at:uri:y increased in proportion to the age of the compost. It was only 
after te::lperatures began to decline in the composting process,'causing a 
shift from thermophilic to mesophilic microbial populations, that cress 
populations began to rise significantly. Mid speculated that toxicity 
associated with icmature compost may have its ·origins in the thermophilic 
~:oicrobial populations that are present in· the early stages of decomposition. 
ne also argues that residual toxicity, reflecting toxins produced early in 
the process, may not d~sappear totally and that toxicity problems may still 
occur unless the compost ~s properly diluted in an appropriate substrate. 
This opinion is shared by H~ra~ (41), Tietjen (94,95), and Parr (69) who 
indicate that there is an upper limit to the loading of garbage compost: to 
soil irrespective of compost maturity. 

Zucconi et al. (112) have also experimented with bioassays using water 
soluble co::;post extracts to germinate cress seeds. While the bioassay 
appears to provide quantitative information, Zucconi cautions that additional 
tests, using various plant species, are needed to better understand specific 
tolerances associated wi_th different plants and gro.,..th stages. He proposes 
that future ....ark in this ar·ea be directed at isolating the most sensitive 
plants that could be useful in specific bioassays. He concluded that 
bioassays may be considered an alternative or complement to other checical, 
physical and biological analyses in assessing compost maturity. 

Zucconi (113) s~arizes current research efforts in this area by pointing 
out that there ~s still much that needs to be learned regarding compost 
i~aturity and its associated problems. The types and numbers of potentially 
toxic substances and thefr effects have not been well defined. Even for. 
those substances that have been identified, questions remain concerning 
co~cent=ation and dura~~on of effec:s. 
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III. ORG~~IC ~TTER AND SOIL PHYSICAL PROPERTIES 

Many of the benefits that might be derived from the addition of compost to 
soil can ·be directly or ~ndirectly attributed to increasing the soil organic 
matter content. An appreciation for the importance of soil organic matter is 
essential in understanding changes that might result from the use of compost. 
Although the organic matter content of soil is relatively small, ranging 
between 0.5 and 5.0 percent in most mineral soils (27), its influence on soil 
properties and plant growth are very significant. 

Soil organic matter can be defined as the fraction of soil that includes 
plant residues at various stages of decomposition, cells and tissues of soil 
organisms, and substances synthesized by soil organisms {earthworms, 
bacteria, fungi, ~nd actinomycetes). 

The starting material for most organic matter is plant residues. Typical 
residues are made up of approximately 50 percent carbon. Oxygen and hydrogen 
are also major components. In addition, plant residues contain low -levels of 
nitrogen, phosphorus, potassium, and other plant nutrients. ~hen plant 
residues or other organic materials such as manures, sewage sludges, ~r 
composts are added to soils they are decomposed by soil organisms. Thus 
soils contain numerous organic conpounds in various stages of decomposition. 
The ter.n humus is used to refer to the organic fraction that has undergone 
extensive decomposition and is resistant to further breakdown. 

As decomposition occurs plant nutrients are released from the organic matter 
and may become available for plant growth. The amount of nutrients available 
for plant growth a.nd the time required for their release depends on many soil 
and climatic factors as well as the composition of the original material. 

In addition to nutrient release, the decomposition of organic matter in soil 
results ip the for.:1ation of various other compound-s that may benefit plant 
growth by i=proving plant uptake of some nutrients, acting as growth 
regulators or stimulators, or by having positive effects on soil microbial 
populations. Other compounds, particularly those for.:1ed during the 
decompostion of fresh or undecomposed materials, may have negative or even 
:oxic effects on plant growth. 

As was pointed out above, the organic matter content of soils is relatively 
s::~all. In addition, the level in soil tends to reach an equilibrium under a 
given set ·of conditions. Cultivation speeds up organic matter destruction in 
soils. Practices such as tillage increase aeration thus stimulating 
=icrobial activity and the breakdown of organic matter. During the first few 
years after initial cultivation there is a rapid decline in the organic 
=atter level. Tne decrease becomes more gradual with further cultivation 
until· a ne<.> equilibrium is reached. Once this has occured it is very 
difficult to significantly increase soil organic matter for an extended 
period of time. Even with m~~agement practices that routinely return large 
amounts of organic matter to soils in the forms of plant residues and/or 
=anures, the organic ::~atter content of a cultivated soil is rarely equal to 
:hat of its v:rgin counterpart. 

In ~ecent years, increasing concern over soil erosion and a growing :nteres: 
in or5anic :a~ing methods have resulted in much attention centered on the 
role o: or~an:c ~atter. Fa~~ers have been aware of :ts importance long 
·~e:ore :.: :Oec=e a popular topic and considerable research, so::~e dat:ng back 
a~::1os: 100 :;ears, has been devoted to uy:ng to better understand the role of 
so:l o:ga~:c ~at:e~. 



Perhaps the best known or most often discussed functions of soil organic 
matter are those relating to soil physical properties. Organic compounds aid 
in the formation of soil aggregates which impart the crumbly condition of 
soil referred to as tilth. A soil with good tilth provides a looser, less 
restrictive environment for root growth and development. The crumbly 
condition also reduces the occurance of surface crusting which frequently 
occurs on soils high in silt content. Crusting impedes water infiltration 
and seedling emergence. Soils high in organic matter are less subject to 
erosion and have higher nutrient and water holding abilities. 

Several researchers have observed the effects of compost addition on various 
soil physical properties. Although the results vary, there appears to be a 
general conclusion that soil physical properties can ·be improved with 
relatively high application rates or with repeated applications of compost. 

Duggan and ~iles (21) measured soil moisture content, bulk density and 
organic matter levels over a three year period on plots amended with comppst 
at rates of 0, 8, 16, 50, and 200 tons per acre per year. Soil bulk' density 
~as lowest on plots receiving the highest appliction rate; 0.86 grams per 
cubic centimeter as compared to 1.56 grams per cubic centimeter on the 
control. Changes in organic matter content were most pronounced on plots 
treated with the highest compost rate. Values ranged from 1.39 percent for 
plots receiving no compost to 13.5 percent for plots that received compost at 
a rate of 200 tons per acre after three years. 

Soil moisture content also increased with increasing application rates. The 
effect of greater moisture content in plots receiving higher applications 
rates was evidenced by less leaf curling of cern plants on plots that were 
treated with 50 or more tons of compost per acre. 

Duggan (20) also made observations of demonstrations conducted on over 100 
fields where municipal compost was used as an organic amendment for growing 
burley tobacco. He concluded that the most significant increases in yield 
resulted from compost applications on heavy clay soils. The positive effects 
were attributed to improvements in soil physical properties resulting from 
tne addition of organic matter. Duggan noted improved aeration and tilth and 
reduced erosion on compost treated plots. 

Hortenstine and Rothwell (46) conducted greenhouse studies in which four 
rates of refuse compost (8, 16, 32, and 64 metric tons per hectare) were 
added to a sandy soil. They observed an increase in water retention at 0.1 
bar tension ~~th each increment of compost applied as compared to the 
control. tiowever at 15 bar tension, the lowest rate of 8 metric tons per 
hec ta!'e had no effect on water retention. There was no significant 
difference in water .retention at 15 bar tension between rates above 16 metric 
tons ?er hectare. 

Hortenstine and Rothwell (47) also observed changes in soil physical 
properties when using the same·compost for reclamation of phosphate mine sand 
tailings. Tailings, which are one of the by-products of phosphate strip 
mining, are almost void of available plant nutrients and organic matter and 
have very li"tle water-holding capacity. The tailings are puoped onto 
sections of land to a depth of 5 to 7 meters deep. Because of the poor 
condition of the soil these areas are very difficult to revegetate. 

:he addition of 35 and 70 ~etric tons o: co~post per hectare resulted in 
s:s~~::ca"t increases in organic ~atter content, cation exchange capacity (a 
=eas~..:.:-e o£ nuc:-:ent holCi:1g ability), and ; .. :a:e: holC!.ng ab:.l!.ty. Plants 
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grown on plots amended with compost only produced very poorly in the first 
year; the seedlings suffered nearly 100 percent mortality within 10 days of 
emergence. The authors speculated that the poor performance was due to 
immobilization of available nitrogen. However, oat yields were increased 
significantly where compost and fertilizer were applied as compared to 
fer'tilizer alone. They concluded that municipal solid waste compost had a 
beneficial effect on the sand tailings and could be utilized in reclaiming 
such waste areas. 

Bengston and Cornette (5) showed significant effects on soil moisture content 
where compost. was applied at rates of 4.4 and 44 metric tons per hectare to a 
two - year old plantation of slash pine. The soil in the study area was sandy 
and excessively drained. Samples taken during a period of'little rainfall 
showed a prolongation of the period during which soil moisture remained in 
excess of the estimated wilting point. The most favorable moisture 
relationship occurred with the high rate of compost appli~ation. Disking the 
compost into the soil generally prolonged the period during which water was 
re·adily available to the trees. Application of fertilizer nitrogen along 
with the compost usually led to a more rapid decline. This phenomenon was 
attributed to the stimulation of weed growth from the fertilizer nitrogen; 
the weeds tended to deplete soil moisture more rapidly than on areas where 
compost only was applied and weed growth was not as prolific. 

Cook et al. ( 15) also studied the effects of organic amendments on various 
soil physical properties. Small test plots were established in,an area of 
washington D.C. parkland. The area had been intensively used for 
recreational and festival activities and therefore the soil was very 
compacted. Materials included compost produced from sewage sludge and 
wood ct.: ps and compos ted 
refuse. Each material was applied four inches thick. Bulk density was 
decreased by 23 percent with the sludge compost and 11 percen;:. with the 
refuse compost as compared to the control which received no compost 
application. Water infiltration increased by over 50 percent both in intake 
per hour and in total intake over a three hour period on the sludge compost 
amended area. However the refuse compcst decreased both the intake rate and 
total water intake. Pore space was calculated using measured bulk density and 
esti::Jated particle densities. This showed an apparent 32 percent increase in 
total pcre space ~~th the sludge compost and an 8 percent increase ~th the 
re£use compost. The 8 percent increase was not a significant difference. 

~ang (107) found only slight increases in aggr:gate stability and moisture 
holding capacity at 1/3 bar tension from refuse compost application·s of 5 and 
10 tons per hectare. No evident difference in soil bulk density was found 
f reo the co:::.po st ::rea t:nents. Wang concluded that the single treatments 
showed no obvious effects on soil physical properties but speculated that 
greater changes would be expected from long term applications, 

~is opinion is supported by Volk (105,106) who maintains tr~t sustained 
i:::.prove:nents in soil physical properties requires large and repeated 
applications of organic materi·al, and by Reuser (76) who states that the 
:::.axi:::.~ effects of composts on soil structure.such as increased aggregation, 
;:>ore space, and ~o~ater holding ability as well as on crop yield, usually occur 
only after several years of application. 



IV. NITROGE~ 

The ~portance of nitrogen in agriculture, horticulture, and to growing 
plants in general cannot be overstated. It is one of the three primary plant 
nutrients; the plant requirement is relatively large compared to many of the 
other essential elements. 

~itrogen is a constituent of every living cell. It is a part of many 
proteins which serve as enzymes and also is a part of the chlorophyll 
molecule. Nitrogen is a regulator which plays an important role in the 
uptake of potassium, phosphorus, and other nutrients. It encourages vegeta
tive growth and gives plants a deep green healthy color. 

The amount of nitrogen naturally occurring in soil is relatively small; most 
~s associated with the soil organic matter in forms that are largely unavail
able to growing plants. Microbial breakdown of the soil organic matter 
releases approximately two to three percent of the organic nitrogen annually 
(l). 

Some plants, notably the legumes such as soybeans and alfalfa, have microor
ganisms associated with their root systems that are able to ·fix" nitrogen 
from the atmosphere and make it available to the plant. Very little, if any 
fertilizer nitrogen is,needed for these types of plants. Other plants, 
particularly some of the grasses and grains, require large amounts of the 
element and outside sources of nitrogen are needed for good growth and 
y~elds. This is traditionally supplied by chemical fertilizers or animal 
manures. 

~ore than 90 percent of the fertilizer ~itrogen produced in the world is 
a=on~a or one of its derivatives. Anhydrous ammonia is the most commonly 
used material and accounts for more than 80 percent of the nitrogen used 
0:1 ~innesota cropland. At normal temperatures and pressures it is a gas. It 
is stored and transported as a liquid under pressure and injected into soil 
as a gas. ~~hydrous a~onia is the most concentrated form of nitrogen (821. 
~). It ~s relatively inexpensive compared to other forms of nitrogen fer
t:l:zer, and ~s read~ly available to grow~ng plants. 'various ammonium salts 
are also important forms of nitrogen fertilizer. 

Depending on the rate and type of application, type of crop, and soil and 
climatic factors, from 50 to 80 percent of applied nitrogen is usually 
recovered in the growing crop (68). Another 10 to 20 percent may volatalize 
(escape as a gas) or be 'converted to forms that are not available, to plants. 
Any :-eoa:n::-tg nitrogen may move ~o."ith water percolating through the soil. 

The nitrogen contents of animal manures vary considerably depend~ng on the 
type of an~mal and how the material is stored and applied. Generally, 
manures contain less than two percent n~trogen on a wet weight basis or less 
than three percent on a dry weight bas~s. 1:-'.anure provides a wide variety of 
nutrients in, addition to nitrogen. It also supplies organic matter which 
:mproves the physical characteristics of soil and results in distinct 
benefic:al effects on plant growth. However, its relatively low nutrient 
content and high labor and handling costs compared to inexpensive inorganic 
!e~t~l!ze~s, reduce ~ts co=pet!:ive econo~!c value. 

Composted solid ~as:e ?!'Oducts do not compare favorably with either inorganic 
fertilizers or animal manures as a nitrogen source. Typical nitrogen levels 
:-epor:ed are generally less than two percent on a dry weight bases. Values 



close to one percent are not uncommon (9,14,18,22,29,31,33,45,54,57,62,66, 
70,90,96,100,l08). 

In addition to the nitrogen level being relatively low, much of that which 
occurs in composts is present in organic compounds that cannot be taken up by 
plants. The nitrogen must first be converted to inorganic forms such as 
nitrate (NO ) or ammonium (NH ) before it can be utilized as a nutrient. The 
conversion ~o inorganic, avai±able forms of nitrogen is termed mineralization 
and is accomplished largely through decomposition by soil microbes. 

The organisms respons~ble for the decomposition of organic matter require 
carbon, nitrogen and other nutrients in order to proliferate. The relative 
proportion of carbon and nitrogen has a strong influence on the rate of 
decomposition and thus the conversion of nitrogen to plant available forms. 
If an organ.ic.material which has a small amount of nitrogen in ·relation' to 
carbon is added to soil, microorganisms will utilize or tie up nitrogen in 
the soil, including forms that could otherwise be used for plant growth. The 
nitrogen becomes incorporated into microbial tissue and is unavailable to 
plants. As decomposition proceeds, carbon is released to the atmosP.here as 
carbon dioxide. Thus there is a gradual net reduction in carbon. The period 
when nitrogen is unavailable to plants will p~rsist until nitrogen is no 
longer limiting for microbial growth. This phenomenon is termed nitrogen 
icmobilization by soil scientists and is sometimes referred to as nitrogen 
robbing. 

If, on the other hand, the added material contains a higher content of 
nitrogen in proportion to the carbon (such as with.animal manures or alialfa 
or clover residues) it is much less 'likely that nitrogen will be i=ob:Yized. 

The ratio of the percentage of carbon to that of nitrogen is termed the 
carbon:nitrogen (C:N) ratio and is used to define the relative quantitie~ of 
the two elements in organic materials, or in the whole soil body. The C:N 
ratio of stable soil organic matter commonly ranges from 8:1 to 15:1, the 
oedian being between 10:1 and 12:1 (6). Tne ratio shows little variation 
within a given climatic region. 

~~ a general rule, when organic materials ~~th a C:N ratio of greater than 30 
are added to soils there is i~obilization of soil nitrogen during the 
initial decomposition process (1). For materials with ratios between 20 and 
30, either nitrogen i=obilization or mineralization may occur. If the 
organic oaterials have a C:N ration of less than 20 there is less possibility 
of nitrogen icmobilization and there is usually a release of mineral nitrogen 
early in the decomposition process. A C:N ratio of 15:1 in organic residue 
is given by Broadbent (6) as the level below which nitrogen will be present 
in excess of microbial needs and therefore can become available for plant 
growth. 

Because the nitrogen content of solid waste composts is relatively low it 
cannot be coopared with inorganic sources of nitrogen. Furthermore, if the 
carbon:nitrogen ratio of a compost is relatively high, it is possible that 
addition of the material to soil may induce a nitrogen deficiency by im
::obilizing the nutrient. Several r.esearchers have shown this to be the case 
when investigating plant growth in composted materials, especially when high 
rates of composts .with high carbon:nitrogen ratios were used. 

Hortenstine and Rothwell (47) for example, speculated that nitrogen :::::
::::obilization ~as responsible for the nearly 100% mortality of geroinated oat 
seeds wi:hin ten cays of emergence when composted refuse was applied to 



phosphate mine sand tailings at rates of 35 and 70 metric tons per hectare. 
!he effe.cts were not as dramatic with a second application the following year 
but seedling mortality was still significantly higher than on/plots receiving 
fertilizer only. 

Honenstine and Rothwell also conducted laborato'ry studies (77) to determine 
the amount of organic nitrogen in compost that was converted to the plant 
available form nitrate in a 65 day period. Very little nitrification 
occurred at any rate when compost was added at rates of 0, 2, 4, 6, 8, and 10 
grams per 100 grams of soil. When mixtures of garbage compost plus sewage 
sludge or garbage compost plus chicken manure (50/50 weight basis) were mixed 
with soils at rates of 0, 1, 2, 3, 4, and 5 grams per 100 grams of soil 
considerably more nitrate was measured· at the end of 65 days than with the 
compost alone. Chicken manure and sewage sludge are both materials with 
considerably higher nitrogen levels than the compost used in their studies. 

!erm~n et al. (92) grew corn in an extremely infertile silt loam soil with 
compost applications equal to 5 and 10 tons per acre. No additional nitrogen 
fertilizer ;;as ·used. They found the corn co be extremely nitrogen deficient. 
~he deficiency was attributed to the very low available nitrogen in the soil 
along with the application of the highly carbonaceous material (277. carbon, 
1.37. nitrogen, C:N~21:1). It was estimated that the compost immobilized 37 
and 63 pounds of nitrogen per acre at the 5 and 10 con rates, respectively. 
The authors recommended that on severely nitrogen deficient: soils, fertilizer 
nitrogen should be be applied with the compost to avoid crop deficiency. 

Duggan and wiles (21) noted nit:rogen deficiencies in corn planes grown wit:h 
.200 tons pet acre of compose. Four compost applicat:ion rates (8, 50, 100, 
and 200 tons per acre) were compared. Yields of corn grain were great:er from 
plot:s that received higher races of compose, up to a rate of 100 tons per 
acre. The compost contained 1.37. nicrogen and had a carbon:nitrogen ratio of 
21. 

Duggan (20) also observed nitrogen deficiencies in greenhouse grown tobacco 
plants with large applications of compost that had carbon:nitrogen ratios 
greater chan 30:1. 

Bengston and Cornette (5) conducted field experiments with a compost that was 
considered of poor quality due to a high carbon:nitrogen ratio (66:1) and low 
nutrient content. The compost ;;as applied at rates of 0, 4.4, and 44 metric 
tons per hectare to a two year old plantation of slash pine in central 
Florida. The higher application rate was associated with a lower nitrogen 
content in the needles during the first year of application •. Although this 
effect had cisappeared by the second year, it again suggests that nitrogen 
availability and therefore uptake, was reduced by the presence of large 
acounts of compost ~~th a high carbon:nitrogen ratio. 

Sikora et al. (86) concluded that the mineralization of organic nitrogen was 
the liciting factor in grass yield when four different rates of composted 
se~age sludge ~ere used to gro;; Kentucky 31 fescue. The compost alone did 
not contain sufficient available nitrogen, even at the highest rate of 60 
tons per acre, to support optimum fescue gro;;th. Yields ;;ere significantly 
inc.reased by the addition of fertilizer nitrogen, phosphorus, or nitrogen 
plus phosphorus. The largest yield. increase ;;as obtained ;;i::h the ~ddition 
of :>oth n.::.:og'en and phosphorus, showing that yield ;;as limited by bot·h 
nutr~ents when ~nly compost was used. 



Hortenstine and Roth~o~ell (48) on the other hand concluded that adequate 
amounts of nitrogen were provided to sorghum plants at application rates of 
14 and 28 tons per acre. A pelletized refuse compost containing 2.27% total 
nitrogen and having a carbon:nitrogen ratio of 16:1 was used in their study. 
It should be pointed out that the nitrogen content of the compost was higher 
and the carbon:nitrogen ratio lower as compared to other solid waste composts 
used in this and many other studies involving materials produced in the 
United States. The estimated recovery of applied nitrogen by sorghum was 13 
percent at the 14 and 28 ton per acre rates and 18 percent at two lower rates 
of 3.5 and 7.0 tons per acre. 

Studies have been conducted in an attempt to quantify the amount of nitrogen 
.that can be released or mineralized from composted products. Kumada (53) 
estimated that approximately 23 percent of the nitrogen in compost produced 

' from cow feces and rice straw was available to six successive radish crops 
over an eight month period. ' 

Terman et al. (92) estimated that nitrogen in a solid waste compost ~as 
approximately 16 percent as effective as the same amount of nitrogen applied 
as a readily soluble inorganic fertilizer. 

Epstein et al. (25) measured nitrogen mineralization from sludge composts 
prepared from both raw and. digested sludges along with 1o10odchips. Three 
different rates of each compost were used and the samples incubated for a 15. 
week period. For the three rates the amount of nitrogen mineralized from the 
digested sludge compost and the raw sludge compost averaged 8.5 and 4.4 
percent of the totals, respectively, showing that nitrogen in amendments 
which have been stabilized by composting with 'carbonaceous materials (wood
chips) ::.s not easily mineralized. The::.r work also showed that the amount of 
nitrogen mineralized can vary depending on the nature of materials composted. 
Several other factors also influence the rate of mineralization including the 
rate and type of application, soil type, temperature, and moisture content. 

Tester et al. (93) conducted laboratory incubation studies and found that 
approx::.Oately 6 percent of the organic nitrogen in a sewage sludge compost 
was mineralized from a sand soil-compost mixture over a 54 day period. Only 
1 percent of the organic nitrogen was m::.neralized from a silt soil-com.post 
mixture over the same period. Their findings are supported by the work of 
Sikora et al (86) who later compared fescue yields £rom compost amended soils 
using the same soil types. The fescue yields on the. compost amended sand 
soil were significantly higher than those from·the compost amended silt soil. 

1: is interesting to note that several researchers obtained the highest yield 
increases when organic treatments were combined with conventional inorganic 
tertilizers. Hortenstine and Rothwell (47) for example, noted that fer
t::.lizer plus compost additions resulted :..n much superior seedling survival 
and yield on phosphate mine sand tailings than either fertilizer or compost 
alone. Bengston and Cornette (5) observed increased foliar nitrogen in slash 
pine trees as compared to the slightly deficient level found in trees treated 
with compost only. 

Wong and Lau (110) carried out field experiments on fine-textured upland 
soils to compare the effects of three organic amendmen~s (including a garbage 
co=post) on crop yields and soil physical properties. All of the plots 
:eceived chemical fertilizer at a rate of 100 kilograms of nitrogen, 60 
~::.lQgra=s o: P,O_, and 40 kilograms of K,O per hectare. Signi:icant yield 
~ncreases as c6=~ared to the cneck (fertrlizer only) were noted with all of 
:ne a=end=en:s. Tnere ~ere not, however, consistent sign::.ficant c::.£ferences 



between the 5 ton per hectare and 10 ton per hectare rates of garbage 
compost. 

In 1972 Vlamis and Williams (104) found that sewage sludge and garbage 
compost increased yields of tomato, barley, and lettuce grown in pots in a 
greenhouse ,experiment. Maximum yields were obtained by supplementing the 
organic: wastes with chemical fertilizers. 

El Bassam (24) maintains that yields can be increased with the proper 
combination of mineral (inorganic) and organic fertilization. He cites data 
from several years of. field research at Volkenrode showing that the yields of 
various crops including sugar beets, wheat, oats, and rye were increased by 
combined application of organic and mineral fertilizer. Shuphan (84) 
supports 'this theory and claims that a combination of org-anic and inorganic: 
fertilizer :s superior to either product used alone for crop produc:t:vity and 
food value :n human nutrition. 

Eggert and Kahrman (23) demonstrated that very large applications o~ organ:c: 
matter could produce yields of vegetable crops that equalled or exceeded 
y:elds of similar crops grown under inorganic soil treatments. They recom
mend· that future work be aimed at optimizing the amount of organic natter 
applied and further investigate the possibility that combining organic and 
inorganic management systems could lead to greater production efficiency. 
The need for adcitional research in this area was also emphasized in the 
Report and Recomendations on Organic Farming that was prepared by a un:ted 
States Department of Agriculture study team in 1980 (150). 



V. OTHER PLANT ~~TRIE~7S 

With respect to plant nutrients, the vast majority of research on compost and 
co-compost products has been concentrated on nitrogen. Because of its cost 
and the relatively large plant requirement, nitrogen is a major expense in 
many soil-fertilizer management programs. This, coupled with the potential 
for nitrogen immobilization from compost additions, has resulted in a focus on 
nitrogen with lesser attention given to other plant nutrients. 

Some researchers have made observations on availability and/or uptake of some 
of the other plant nutrients. Although the results have not always been 
consistent or conclusive, there is evidence that suggests some compost 
products can supply meaningful amounts of plant nutrients in addition to 
ni:rogen. 

The results of experiments with town refuse and sewage sludge materials 
conducted for seven years (1940-1947) at various English experiment stations 
were s~marized by Garner (33) in 1966. Tests on the products showed the 
average potassium content to be 0.42 percent ( expresssed as K?O). Of that 
approximately 75 percent was determined to be readily soluble: Fermented 
refuse and pulverized raw refuse both showed average K 0 levels of 0.20 
percent. The readily soluble fractions of K

2
o in the !ermented and pulverized 

refuse were 34 and 37 percent, respectively. Effects of phosphorus were not 
examined in the experiments and any effects due to differences in the amount 
of the nutrient supplied by the organic materials were reduced or eliminated 
as all plots received applications of superphosphate fertilizer. 

In greenhouse pot experiments where compost was applied to soils at rates 
equal to 9, 18, and 36 metric tons per hectare along with various combinations 
of nitrogen, phosphorus, and potassium fertilizer, Terman et al. (92) 
est::.:nted that phosphorus and potassium ::.n compost were 71 and 64 percent as 
e:fec:::.ve· respectively, as the same amounts of the nutrients supplied as 
soluble fertil::.zers. The compost used ·in these studies contained up to 20 
percent by weight sewage sludge. Sewage sludges are typically high in 
phosphorus and, according to some researchers, the presence of sludge in a 
compost can dr~atically affect the content and plant recovery of phosphorus. 
Sewage sludges are almost always low in potassium and no significant increases 
in the content of this nutrient would be expected when sludge is used as a 
component of ·compost. 

DeHaan (18) concluded that refuse compost produced without sewage sludge had a 
negative e:fect on phosphorus uptake by certain plants and on the content o: 
plant available (measured as water soluble) phosphorus in the soil. 

Hortenstine and Rothwell (46) .evaluated municipal refuse compost as a source 
of plant nutrients when applied to a sandy soil. Two annual compost 
applications significantly increased soil potassium, calciu:n, and magnesium 
contents. Initial compost applications of 35 and 70 metric tons per hectare 
had no significnt e:fect on plant uptake of these nutrients. However, blf the 
second year of application there were signi:icant increases in plant up.take of 
nitrogen, potass~um, calcium, magnesium, zinc, and boron with compost plus 
~ineral fertilizer aoplications as compared to fert:lizer only. Yield 
:n~::eases we'e a::ributed in part to the nu:rit:ve value of the compost. 

::-:ey c.lso s:'..!C:..ed :!"le perfor-:nance of a pelle::..zed munic:.pal re:use co=:pos!: as 
a nutrient source :or sorgh= (48). They est:::.ated the recovery of applied 
;::-:os?::o:-us jy ·so:-gh'--=1 f:o~ sol:.d o.~aste co~?OSt :o be 25 pe::-cent a: c.ppl:.:::at:.on 



rates of 8 and 16 metric tons per hectare. , At application rates of 16 and 32 
metric tons per hectare recovery was considerably less at 9 percent. 
Potassium recovery was relatively high from all treatments and was estimated 
to be 98 percent from the 16 metric ton per hectare rate of compost and 74 
percent from the other compost treatments. The compost used in these 
greenhouse experiments contained 0.45 percent phosphorus and 0.20 percent 
potassium. 

Duggan and ~iles (21) observed increased potassium uptake by corn plants with 
high rates (50 and 200 dry tons per acre) of refuse compost application. They 
concluded that the increased uptake indicated that although the potassium 
content of compost was low at 0.97 percent, it was readily available to corn 
planes. 

~~ys et al. (60) found that the potassium level of sorghum plants grown on 
co~post amended plots tended to increase with increasing application rates. 
They concurred with Duggan and Wiles that even though composted products tend 
to·be low in this nutrient, when high rates are applied the amount ol 
potassi~~ supplied can be considerable. 

Increased uptake of some of the minor or trace elements such as boron, zinc, 
and iron have also been observed with compost applications. However this may 
or may not be viewed as an advantage. The plant requirements of these 
elements are relatively low compared to the levels often found in waste 
products. As is discussed in the sec:ion covering trace elements, successive 
or high rates of compost application may result in plant toxicity problems or 
undesirable accumulations of some elements in plants and/or soils. 



VI. TRACE ELE~E~7S 

~any food products and consumer goods contain concentrations of low levels of 
trace elements such as mercury, cadmium, lead, arsenic, chromium, copper, 
zinc, manganese, fluorine, and boron. Thus, it is likely that varying, and 
sometimes relatively high, contents of these elements will be found in 
domestic wastes. Several of the elements are essential to plant and/or 
animal nutrition. Yet all of them can be toxic under certain conditions or if 
present in sufficient concentration. Cadmium and arsenic are extremely 
poisonous to humans; mercury, lead, nickel, nickel, fluorine, and chromium 
are moderately so; and boron, copper, manganese, zinc are rela~ively lower in 
toxicity (2). 

The buildup of trace metals in soils has often been ·cited as one of the 
greatest potential hazards in applying sewage sludge to land and considerable 
research has been focused on this subject. Although there has been much less 
work addressing the problem as it relates to solid waste composts, it is 
reasonable to assume that the potential for trace metal contamination ~~11 be 
of equal concern with their use because of the diverse chemical nature of the 
,...·aste stream. 

The trace elements are of concern for two major reasons (64): 

1. Some of the metals (including several of the micronutrients such as 
zinc, iron, and copper) can become toxic in plants causing severe develop 
ment problems and yield reduction. 

2. Other metals, notably cadmium, can be concentrated in the plant suffi 
ciently to become toxic to animals and humans consuming them without being 
lethal to the plant itself. 

One can expect the trace metal contents of solid waste composts to vary 
depending on many factors such as location, socio-economic conditions, 
portion of the waste stream being composted, whether or not sludge is usee, 
quality of the sludge, and season of the year. Monitoring of solid waste 
composts has shown considerable variation in trace element contents of 
::Jaterials produced at• eleven plants in Ger::lany. Results are sl.l!!l.lllarized in 
the table below. 

TR..-'.CE ELE!-IE:-,7 COMPOSITION OF WASTE COMPOSTS FROM GER..'1ANY (36) 

El em en t ~umber of Durat:..on of Number oi Range Average 
ol ants sam olin:: sa~nles· :...---:ng/k::----

Boron 7 1970-1975 72 3-105 32 
~lang anese 4 1972-19-74 12 304-1305 511 
Copper 11 1970-1975 86 71-2800 266 
Zinc 11 1970-1975 90 421-2830 1000 
Cad:::i um 10 1970-1975 66 0.8-7.4 3.7 
Lead 10 1970-1975 87 21.-1100 229 
Mercury 4 1973-1975 28 0 •. 2-6. 0 2 
AI senic 4 1973-1975 28 0.6-16 7.2 

In a review of crop and food chain effects of toxic elements in sludges and 
::£luen:s, Chaney (10) discusses seve"al soil factors that con:ro~ metal 
::ix:.c:.:.:.e·s :o ?.ia.n:s. Briefly st==a:-ized :hey are: 

7he a:::ount and combination o: metals present in the soil. 



2. The pH of the soil. Chaney argues ·that this may be the most important 
factor of all because as the pH increases up to 7 .• 0 the availability, 
and therefore toxicity, of most metals decreases. 

3. The amount of organic matter. A higher soil organic matter level also 
tends to decrease the plant availability of most heavy metals. 

~. The phosphate content of the soil. A high phosphate content in soil 
generally decreases the availability and toxicity of many of the metals. 

s. The cation exchange capacity (CEC). cEC is a measure of a ~oil's 
ability to adsorb positively charged ions (cations). It is often used as 
an indicator of a soil's nutrient holding potential. Many of the metals 
occur as cations in soil and ~ill be more tightly adsorbed, and therefore 
less available to plants, in soils ~ith higher CEC values. 

6. Reversion to unavailable forms. Generally, unless the soil pH ~s 
lowered, most of the toxic metals revert to a form that is insoluble and 
unavailable to plants. This occurs most rapidly' in high pH soils. 

The type of crop grown on a waste amended soil is also an important factor in 
metal uptake. Plants vary greatly in their tendency to concentrate metals. 
The green leafy vegetables such as chard, spinach, and lettuce are acc~ulat
ors of metals while most grains tend to take up metals to a lesser extent. 
Different parts of a given plant will differ also in their concentration of 
the metals; the leafy portions concentrating more than the stem and seed 
parts (11,33,48) • 

• .!J. though the majority of research on nace metal uptake by plants has focused 
on the use of sewage sludges, some ~rk has dealt specifically with solid 
waste composts or co-composts. 

Terman et al (91) conducted experiments to study possible toxic effects of 
z~nc buildup in an acid soil from heavy applications of a compost containing 
a relatively high concentration of z~nc (1500 og/kg). Increasing compost 
application rates resulted in increased uptake by corn plants. However no 
toxic~:y sy;:J.ptoms were observed. It was noted that the l~ming effect of the 
co:npo s t appl ica :ion tended to suppress zinc uptake thus preventing toxicity. 
~ys et al (60) also reported increased zinc and copper levels in sorghum 
plants grown on compost amended plots. Again, it ~as concluded that a lack 
of negative effects was due to increased soil pH as a result of compost 
a ppl :cation. 

Resul·ts from several' greenhouse studies reported ~n 19i3 (92) indicated that 
the liming effect from sludge enriched solid ~aste compost prevented zinc 
toxicity even though zinc uptake increased. 

Duggan and Wiles (21) showed a large increase in zinc accumulation in corn 
plant tissue of plants grown on plots receiving high compost applications 
(200 tons per acre). The increase ~as less pronounced in grain as compared
to the leaf tissue or cob. Although the corn in these tests sho~ed no 
adverse effects from zinc, it was pointed out that other plants ~ith less 
tolerance might be affected. Analyses were conducted on leaf, gra~n, and cob 
samples for other metals including cadoium, chrom~um, n~ckel, and copper. 
!here were no clear :rends inc icating increased cone en tr ati.on of these ::Jetal s 
~ith ~ncreased co::Jpost application rates. They also noted a definite lioing 
effect from compost application anc concluded that the maintenance of nearly 
::et..:::al so.:..l cone:. :~ons recuced t.he uptake of r:~ace metals 1• 

:: 



Hortenstine and Rothwell (48) observed no phytotoxic symptoms due to man
ganese and zinc when pelletized refuse compost was applied to a sandy soil at 
rates up to 64 metric tons per hectare. They maintained that the uptake of 
the two elements was not of a magnitude to cause concern. In another study 
(47), the same researchers did note significant increases in zinc and boron 
uptake by oat and sorghum plants with applications of 35 and 70 metric tons 
per hectare of solid waste compost to phosphate mine sand tailings as 
compared to fertilizer alone. 

Giordano et al (32) observed slight increases in zinc and cadmium concentra
tion of corn stover grown on compost amended plots. The increases in zinc 
concentration were less than those obtained with equivalent additions of zinc 
supplied from zinc sulfate or sewage sludge. There were no significant 
increases in metal concentrations of the grain as a result of compost 
applications. Beans grown on compost amended plots also showed slightly 
higher concentrations of zinc in both the vines and pods as compared to check 
plots which received no waste applications. Again, the increase was less 
than those observed with sludge or zinc sulfate treatments. There ~ere no 
significant differences in concentrations of nickel, cadmium, or lead with 
compost addition as compared to the controls. Although repeated applications 
of waste products did not result in proportionally higher concentrations of 
metals in plants, the authors cautioned that the potential for toxicity 
exists with high rates of application. 

Van Assche and Uyttebroeck (102) studied the effects of compost application 
on metal uptake by lettuce and celery. Analyses of the vegetables showed 
that the concentrations of copper, lead, and zinc all increased with increas
ing compost applications. The compost mixtures used in their experiments 
consisted of 1/8, 1/4, and 1/2, compost on a volume basis. Although phyto
toxic effects were noted at higher compost rates, especially with lettuce, it 
was concluded from the use of an ion exchanger (which binds and immobilizes 
the ions of heavy metals) that the toxicity was not due completely to the 
heavy metal contents of the composts. High soluble salt concentr·ation 
(mainly chlorides) was attributed with causing a reduction in the yield of 
lettuce. The reduction was estimated to be at least equal to the negative 
effects of oetals. 

P.igh levels of boron in compost may be a problem to sensitive plants. In 
Scotland, beans grown in soil treated with a compost high in boron developed 
severe boron toxicity problems (115). Leaching the compost prior to use 
removed approximately one-third of the boron from the materials and allowed 
healthy bean plant development. 

Several researchers have concluded that significant quantities of wastes 
containing heavy metals can be applied to cropland without causing crop 
toxicities (10,26,52,87,100). Purves (72), on the other hand, maintains that 
even restricted compost application rates could cause an increase in the 
available content of thes·e elements in soils. His arguments are based on 
comparisons of extractable metal levels in rural agricultural soils with 
levels found in solid waste composts. He is especially critical of some of 
the newer proposed composting processes that shred and incorporate cans and 
pieces of metal into the compost and cautions that they may well result in 
higher levels of metals io the finished product. 

:n s~veral £uropean coc::lUnities the production and use of solid waste 
co:::posts has been, prac :iced for many years. In so::~e of tnese countr:i.es the 
use of composts ii largely regulated on the basis of metal contents; both in 
tne co:::post and in the soil to which compost is applied. In Austria for 
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example, parameters have been established for land application of products 
derived from solid wastes. Tolerance values are given~for seven trace 
elements (56). 

Element 

Chromium 
Nickel 
Copper 
Zinc 
Cadmium 
Mercury 
Lead 

Upper tolerance value 
mg/kg - dry weight 

300 
200 

1000 
1500 

6 
4 

900 

"sce-",als that ~Jill result in metal concentrations in finished compost 
greater than the tolerance levels are not to be used for compost production. 
The heavy metal content of the soil and the type of plants grown are also 
considered in determining compost application rates. 

The ~~nnesota Pollution Control Agency has recommended trace metal limits for 
a Class I compost in its 'proposed Solid Waste Rules. 

Element 

Chromium 
~ickel 

Copper 
Zinc 
Cadmium 
~ercury 

Lead 

Maximum concentration 
mg/kg - dry weight 

1000 
100 
500 

1000 
10 

5 
1000 

A Class I compost may be distributed in an unrestricted manner. The dis
tribution and use of composts ~Jith metal concentrations in excess of these 
li:::i::s ~o."ill be more stringently regulated as compared. to a Class I compost 

Based on the results of .analyses of compost samples from several different 
countries (18,30,31,35,57,108) it appears that zinc and lead concentrations 
are those most likely to exceed Class I criteria. Sewage sludge, if used in 
compost, can make substantial contributions to the metal levels in the 
finished product. However, sludge quality varies considerably depending on 
industrial inputs. The metal concentrations of many sludges are well l.'itr~n 

the above lit:.its. Also·, ·metal concentrations in some composts that do not 
contain sewage sludge have exceeded the proposed limits. 



·-i VII. SOLUBLE SALT CONTENT AND pH 

Various soil chemical properties are influenced by the addition of compost 
products. The addition of organic matter, nutrients, and the diverse mix of 
other elements present in compost products will cause many changes in a 
system as complex as the soil environment. The types of and degree of 
effects will be dependent on soil type, climate, nature of the compost and 
many other factors. Many of the effects are not well understood and some are 
probably of minor importance. There are however specific chemical influences 
that have been consistently noted in research and practice. In particular, 
large additions of waste products cause significant changes in soil pH and 
soluble salt content. Special condideration should be given to the possible 
effects on these soil properties. 

The term pH is a measure of the degree of acidity or alkalinity of the soil. 
Values range from 0 to 14, with 0 through 6 being acid, 8 through !4 being 
alkaline, and 7 as the neutral point. Soil acidity or alkalinity depends on 
the presence of acid forming substances such as hydrogen· and aluminum or base 
forming elements such as calcium and magnesium. The amounts of these 
elements is largely dependent on climate and the type of parent material in 
which the soil was formed. The importance of·soil pH is universally 
understood. Routine soil tests in both agriculture and horticulture almost 
always include a pH determination. 

Soil pH has considerable influence on nutrient uptake by plants. A pH that 
is either too high or too low is undesirable. Extremes in either direction 
can cause certain nutrients to be largely unavailable to growing plants. 
For example, in ~nnesota some highly alkaline soils can present problems 
because plant availabilities of the nutrients phosphorus, potassium,· zinc, 
and iron are drastically reduced at high pH values. Other elements may pose 
toxicity problems because they are extremely soluble at a given pH. 

A soil pH range of 5.5 to 7.0 is best for growth of most plants. Some such as 
sweetclover and alfalfa require a relatively high pH (greater than 6.5) 
whereas some specialty crops such as potatoes, strawberries and blueberries 
thrive better on a slightly acid soil because of disease problems or specific 
nutritional requirements. Corn and soybeans, ~nnesota's major agricultural 
crops are quite tolerant to wide range of soil pH. 

In areas with acid soils, the application of ·lime is a co=on agricultural 
practice for increasing soil pH. It has been estimated that approximately 
one-third of Minnesota's cropland could benefit from liming. Most of these 
soils are located in the eastern two-thirds of the state (51). 

Effects of compost 'application on soil pH have been reported by a large 
n~~ber of researchers that have studied the use of solid waste compost 
products. The l~ing effect of compost was demonstrated by Carnes and Lessin 
(8) who compared pH with increasing compost application rates. Soil pH 
ranged from 5.80 with no compost to 7.70 eight months after the application 
of 200 tons of compost per acre. The results of different application rates 
on soil pH are s~arized below. 



SOIL pH VERSUS RATE OF COMPOST APPLICATION (8) 

Tons of compost 
per acre 

0 
8 

50 
100 
200 

Soil pH after 
8 months 

5.80 
6.15 
6.39 
7.26 
7.70 

Bengston and Cornette (5) showed a significant increase in soil pH, from 5.10 
to 6.26, when 20 tons per acre of refu~e compost was applied to a sandy soil 
in central Florida. Soil samples were collected 28 months after compost · 
application. 

Duggan and Wiles (21) also observed a definite liming effect from the 
addition of composted refuse. They noted that the maintenance of nearly 
neutral soil conditions on plots that received high rates of compost (up to 
20Q tons per acre) helped reduce the uptake of heavy metals such as zinc. 
The initial pH value of a composite soil sample from the test area was 5.8. 
Effects of the different treatments are shown below. 

Effect of Compost and Nitrogen Fertilizer on Soil pH, Johnson 
City, Tennessee. 

Annual Aoolicat:con Soil oH 
Compost N Fertilizer 1969 1970 19 71 1972 
tons/ac lb/ac 

0 0 5.8 5.6 s.s 5.3 
0 160 5.8 s.s 4.9 4.5 
8 160 5.7 6. 1 6.0 6.0 

so 0 7.0 6.8 6.9 6.7 
200 0 7.4 6.9 7. 2 6.8 

Composted refuse was tested as an amendment to raise the pH of highly acid 
eroded soil from the Copper Basin of southeastern Tennessee where an area of 
about 23.,000 acres was denuded by sulfur' dioxide fumes. The fumes were 
produced from copper smelting operations during the period from 1850 to 1905. 
Tall fescue grown in this experiment responded markedly to applications of 
nitrogen, phosphorus, and potassium· fertilizer plus lime or· compost, compost 
alone and lime without compost. Essentially no yield response was obtained 
f::om fertilizer without lime or compost. Ic was concluded that the the main 
response to compost was as a liming material. In some areas, the pH was 
·increased from 4.1 to 6.1 within a five month period (91). 

Wang (107) noted a slight increase in soil pH even when applications of 
refuse compost were as low as 5 and 10 metric tens per hectare. 

Duggan and Scanlon (20) demonst::ated that compost could be used beneficially 
to establish trees and grasses on an abandoned ash dewatering pond. However 
the compost, with a pH of 8~5, had little or no effect on the pH of the ~est 
area soil over a two year period. lt sould be pcbted out that the initial 
pH levels a: the site were relatively high, ranging from S.O to 9.0. 
Decreases i:-t·pH ._,ere noted in beth .the treated and control plots but these 
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were attributed to leaching processes rather than to effects of compost. The 
greatest decreases in pH occurred on the control plots which received no 
compost. 

In many situations an increase in soil pH is a desired effect and can be 
considered one of the benefits to be derived from using compost products. 
This is the case with many agricultural soils and may be particularly true 
when working with disturbed soils such as the mine spoils described above. 
DeHaan (18) concluded that the the most important positive effect in using 
refuse compost is due to its lime content. His opinion is based on on a 
review of the results of more than fifty years of research conducted in the 
:i'etherlands. 

However not all soils benefit from liming. Some, in fact have pH levels 
already higher than optimum for growing many crops. Plants grown on these 
high pH soils may be subject to nutrient imbalances and deficiencies. Any 
additional liming effect would be detrimental. 

In the western one-third of Minnesota there are many soils that contain 
considerable quantities of lime.' Although many of them are not necessarily 
excessively alkaline or problematic, liming is not commonly recommended (51) 
and it is unlikely that any beneficial effects from liming would be noted'on 
these soils. Additionally, some specialty crops such as strawberries, 
potatoes, and blueberries are best grown in slightly acid soils because of 
disease or nutritional pr~blems that are more likely to occur at higher pH 
levels. 

The term soluble salts refers to the inorganic soil constituents that are 
soluble in water. Elements contributing to salinity include calcium, 
magnesium and sodium in combination with chlorides, sulfates and ~ometimes 

nitrates. 

A high soluble salt content increases osmotic pressure in the soil solution. 
The result is a decrease in availability of water to plants. Both seed 
germination and plant growth are adversely affected by a high soluble salt 
content. Plant growth may also be affected by direct toxic effects of 
specific salts. Salts containing sodium are of additional concern because 
high concentrations of the element are not only detrimental to plant gro.n:h 
but can also cause dispersion (1breaking apart) of soil pa:::-ticles·. This 
results in poor soil structure and reduced water infiltration rates. 

The ability of a solution to conduct ·electricity is approximately 
propo:::-tional to its soluble salt content. Thus, the electrical conductivity 
of a soil extract is a commonly used indicator of soluble salt concentration. 
The conductance is often expressed as milli-mhos per centimeter (mmho/cm). 

Plants vary considerably in their tolerances to high salt content or 
concentrations of specific salts or ions. -A general guide of plant responses 
to salt content under average conditions has been established by the United 
States Department of Agriculture: 
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RESPONSE OF CROPS GROWN IN SOILS OF VARYING ELECTRICAL 
CONDUCTIVITY (EC) -VALUES AT 25" C (101) 

Salinity EC 

mmhos/cm at 25" C 

0-2 
2-4 

4-8 
8-16 

Above 16 

Crop Responses 

Salinity effects mostly negligible 
Yields of very sensitive crops may 

be affected 
Yields of many crops restricted 
Only tolerant crops yield 
satisfactorily 

Only a few very tolerant crops yield 
satisfactorily 

Following is an approximate tolerance classification of some common Minnesota 
field crops: 

Most tolerant 

Mod~rately tolerant 

Slightly tolerant 

~on tolerant 

Barley, sugarbeets, birdsfoot trefoil, 
tall wheatgrass 

Bromegrass, corn, oats, perennial 
ryegrass, rape, reed canarygrass, rye, 
sorghum, sudangrass, ~all fescue, wheat 

Alfalfa, flax, orchardgrass, sunflower,. 
timothy 

Field bean,pea, soybean, clovers: alsike, red, 
ladino 

~any ornamental and garden-plants such as roses, strawberries, and 
raspberries are also affected by high salt concentrations. 

Solid wastes and therefore solid waste composts can contain appreciable 
quantities of salts. This problem is not limited to refuse type composts; 
soluble salt concentrations are quite often necessary considerations when 
animal canuies and'sewage sludges or effluents are utilized on land. 

Fortunately, there is a fairly good understanding of situations to avoid and 
how to manage waste application in a way that will prevent salinity problems. 
As pointed out by Stewart and Meek (88), salt accumulation is most likely to 
occur when organic wastes are applied as a means of disposal (at extremely 
high rates with little regard for possible negative influences on plant 
growth) rather than utilized and managed as a resource. 

They give guidelines for preventing salinity problems from organic waste 
application which include the following recocmendations: 

1. Deter':line the soluble salt content of wastes before they 
are used. 

2. Deter:~ne so~l cha:acter~stics. 

J 
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4. 

Time applications so that salts will leach somewhat 
before planting. 

Apply rates to maximize utilization rather than 
disposal. 

The Xinnesota Pollution Control Agency (64) has recognized the salinity 
problems associated with land application of wastes by restricting sewage 
sludge application to soils with electrical conductivities of 4.0 mmho/cm or 
less. 

In Austria various parameters have been established for categorizing and 
determining the suitablility of composts for land application, An electrical 
conductance of 5.0 mmho/cm is considered the upper tolerance. The acceptable 
pH range for land applied compost products is 7.0 to 8.5 (56), 

Problems associated with undesirably high pH levels and/or salt content as a 
result of waste application are most likely to occur when very high rates are 
used. Hunt et al. (49) for example, concluded from various tests that seed 
·germination may be adversely affected by high soluble salt concentration when 
compost is added at rates exceding 10 percent of the soil weight. ~ith proper 
management and under normal field conditions, even rates as· high as 50 dry 
tons per acre (about 5 percent by weight of the upper six inches of soil) 
should not_result in deleterious salt or pH effects. 

Problems have been most often noted when a large proportion of compost has 
been used as a component of growing media for various horticultural crops. 
Studies have been conducted in which compost was evaluated as a replacement 
for peat or some other component of growing media. Quite often pH and 
soluble salt content are cited as limiting factors. 

Reneaume and Riviere (75) for example, concluded that the main difficulty in 
trials using composted solid waste as a component of blocking composts is due 
to the high pH and high soluble salt content of material. 

Frey (128) attributed differences in crop responses to compost as a 
germinating medilllll to its ·relatively high soluble salt content. Conover and 
Joiner (17) noted relatively poor results when chrysanthemums were grown in 
100 percent refuse compost as compared to plants growing in media containing 
one-half or one-third. compost (volume basis). Again, high soluble salt 
content was cited as the probable reason for the negative effects observed at 
the higher rates. 

Sawhney (80) reported that leaf compost generally contains excessive soluble 
salts and has a pH near neutral (7.0). A pH near 7.0 is normally considered 
optimum for most plants but, as cautioned by Sawhney, 7.0 is too high for 
plants such as a.zaleas and- rhododendrons which require acid conditions, 
Attempts to lower the pH of compost by the addition of chemicals such as 
aluminlllll sulfate or calciUm phosphate were only temporarily successful; the 
pH of the mixtures tended to increase back toward its original level over 
time. Furthermore, the addition of large amounts of chemicals necessary to 
reduce the pH of a highly buffered material such as compost is not 
economically prac:ical according to Sa~hney and such a practice can further 
increase the salt content to undesirable levels. 

, I 

Still, it appears that composted products can be satisfactorily used for some 
hc:-:!.ccltu=al ~edia. The per::entage used needs :o be l!.o:!.ted and it ~ay be 
necessary to take special precautions in order to prevent problems associated 
~i:n hi5h pH and salt content. 



Shanks and Gouin (82,83) conducted studies using composted sewage sludge. 
!hey reported that leaching media that contained one-third by volume compost 
prevented injury from soluble salts. They also pointed out that· damage from 
salinity was probably avoided by the presence of soil, and to a lesser 
extent, bark in the mixtures. Verdonck et al (103) concluded that a 
combination of 90 percent composted bark and 10 percent tobacco waste can be 
satisfactorily used as a horticultural substrate. 

Sqme researchers have pointed out that the relatively high pH may have some 
value if proper consideration and management is practiced. Gouin (36), who 
has conducted several tests using composted sewage sludge as a com.ponent of 
potting media reports that there is no need to amend potting soils containing 
screened composted sludge with limestone, as is quite frequently done. 

Compost additions maintained soil pH at the level of the control treatment in 
greenhouse experiments conducted by Hortenstine and Rothwell (46). , In 
comparison, there was a drop in pH as the result of mineral fertilizer 
applications made in the same study. Tobacco seedlings transplante~ into 
potting media containing compost as a replacement for sphagnum peat remained 
~Wilted for a two-week period following transplanting. Sievert (85) 
attributed the extended period of transplant' shock to the relatively high pH 
(7.5) of the media. He suggested that the amount of lime used in media 
containing compost be adjusted or possibly omitted altogether. 



VIII. PLANT PATHOGEN SUPPRESSION 

One of the potential benefits that might be derived from the use of composted 
waste products is the suppression of certain plant pathogens. ~hen organic 
~aterial is added to soil in relatively large quantities the soil ecosystem 
is altered. The organic matter is a food source for many microorganisms, 
thus some or all segments of the soil microbiota will be stimulated. The 
type and extent of the response will depend on many factors. Organic matter 
additions can selectively enhance the populations of _certain microbiota; both 
those that may cause plant disease (plant pathogens) and those that are 
antagonistic to plant pathogens. ·As pointed out by Lumsden (55), organic 
matter is a significant part of the environment influencing plant diseases. 
At one end of the spectn.an, disease can be increased -by organic debris that 
enables proliferation and survival of plant pathogenic organisms. On the 
other end of the spectrum, disease cay be reduced by organic matter. 

Three of the major microbial groups found in soils are bacteria, fungi, and 
actinomycetes. ~ithin each of these groups are numerous mic·roorganisos known 
to be antagonistic to certain soil borne plant pathogens. Each group 
responds in its own particular way to different types of organic matter and 
thus may affect plant pathogens differently. 

The ability of peat to suppress certain plant pathogens is well recognized by 
the horticultural industry and is often cited as one of the advantages in its 
use. Soil borne plant pathogens such as Rhizoctonia solar.i which causes 
daoping off disease o: young seedlings and Pnvtoothora so. which are 
responsible for water mold diseases are particularly tr~lesome in 
controlled environments such as greenhouses where temperature and h~idity 
levels favor pathogen survival • ~ith the intensive production methods used 
in horticulture, the introduction and subsequent proliferation of pathogens 
can be devastating. Thus materials that have well understood abilities to 
suppress or be antagonistic to specific plant patho~ns are of special 
interest to the industry. 

Certain crop residues when incorporated into soil have been shown to have 
si::ilar effects (58,61,97). Papavizas and L=sden (67), for example, found 
that the addition of mature oat tissue to soil increased the number of soil 
microorganisms antagonistic to four soilborne plant pathogens that affect 
beans. They ·and other \o'Orkers-have found a large number of crop residues, 
including mature aoendments such as barley straw, corn stover, sudan grass, 
oat straw and soybean tissue and immature amendments including timothy oats, 
corn, wheat, and sudan grass to be effective in suppressing the hypocotyl rot 
of bean caused by R~izoctonia solani. The majority of effective residues, 
costly mature grain straws, imparted considerable protection soon after 
incorporation, but their effectiveness was rapidly decreased with time. 
Studies on the effect of alfalfa hay and oat straw residues on the density of 
Rhizoctonia solani in soil demonstrated that the effect depended upon the 
nutrient status of the soil, the maturity of the residue, and the extent to 
which the residues were supplemented with nitrogen during decomposition. 

Chet and Eaker (13) have studied different soil types and their abilities to 
suppress plant diseases. They identified a strong population of Trichoder~a 
hara:u=, a fungus kno~~ to be antagonistic to certain pathogenic 
::icroorganiscs, in a highly organic Col~bian soil. The soil was suppressive 
to ~t~zocco~ia solani :~fec:ion of raC:sh plants ~en.cocpared to ~:ne~al 
so;.l.s. 

?.ecer:: :.JO:-k. •;ith co~pos:ed i..·as:e produc:s :.nCica:es that sooe of these 



materials also possess properties that can suppress the incidence of certain 
soil borne plant diseases when added to soil or used as a component of 
growing media. 

Lumsden et al (55) found that the addition of 10 percent by weight composted 
sewage sludge to soils artificially infested with Aohanomvces consistently 
and significantly decreased root rot of peas by 75 to 80 percent. Damping 
off of cotton caused by Rh!zoctonia solani and sclerotina drop off of lettuce 
were both decreased up to SO percent~ Variable control or no effect occurred 
with Thielavioposis root rot of cotton, Fusarium wilt of melon, Pvthium 
blight of bean, and· Phvtoothora blight of pepper. 

Composted hardwood bark from various tree species has also been shown to have 
suppressive effects on Phvtopthora ~ and Rhizoctonia solani. Hoitink and 
coworkers (42,43,44) have conducted several studies using composted hardwood 
barks of varying degrees of maturity produced under different conditions. 
They found that compos ted hardwood bark ( CHB) prepared in windrows at ·a 
nursery located near a forest consistently became suppressive as it aged. In 
contrast, CHB produced in a contained bin that was used before the high 
temperature phase of the composting process was completed became suppressive 
in some nurseries but remained conducive to damping off in others. Hoitink 
maintains th~t both the age of the compost and the composting environment 
effected the level of suppression. He concluded that the field produced 
compost was readily colonized by antagonists that commonly inhabit forest 
soils. This supports his claim that the presence of antagonists in mature 
composts is largely .dependent on colonization of the compost material after 
peak heating has occurred. He points out that the microorganisms responsible 
for disease suppression are not the thermophilic organisms associated with 
the high temperature phases of composting. The high temperatures that are 
responsible for the destruction of fecal (human) and plant pathogens during 
composting can also destroy beneficial soil microorganisms. 

Hoitink conducted a detailed ex~ination of the fungal flora of the field 
produced and bin produced composts and found that fungal populations were 
~uch ~ore diverse in the field produced compost. He also found that the more 
Su?pressive composts were characterized by high densities of Trichoderma ~· 
He speculated that the controlled addition of this species to compost might 
yield a predictably suppressive compost. Further tests showed that the 
addition of antagonistic organisms to a mixture of peat and CHB resulted in a 
rapid increase in the antagonist population and a high degree of suppression. 
~uch higher levels were required to induce the same degree of suppression in 
a ~edia that contained only peat. The antagonist fortified compost not only 
controlled damping off but also killed the pathogen (R. solani) and therefore 
had a protective as well as eradicative potential. Hoitink notes that very 
few soil fungicides have both qualities. · 

' Chen et al. (12) studied various aspects of two other composted waste 
products; those produced from separated cattle manure (manure from which the 
liquid has been physically removed) and grape marc (grape processing residues 
consisting of stems, skins, and stalks). They demonstrated that both 
~ateri.als, when composted, have the ability to suppress soil borne plant 
pathogens ~o;hen used in container media. Both. materials w~re· tested for 
SU?pressiveness to Rhizoctonia solani and Sclerotium rolfsii. Media were 
inoculated with the pathogens at several concentrations and planted with 
beans. Severe disease was observed when peat was ::.noculated. At inocul= 
levels 100 times higher, plants grown in the composted materials were still 
~eal:hy. Reduct~on of da~p:ng-o:f :n the com?osts was also observed with 
~adish as test ?lants. 
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In another experiment, Pathos transplants were grown in peat, composted grape 
marc, and composted separated manure. Each material was infested with 
Rhizoctonia solani. Root rot was first observed two weeks after planting in 
tne peat mix. At the end of the experiment 90 percent of the plants were 
dead. Only 10 percent of the plants in the composted grape marc were dead at 
the end of the experiment. Similar positive results were obtained when a· 
mixture of compos ted grape marc and peat ( 1: 1 volume) was used. Chen and 
Hadar attr!bute the suppression to biological mechanisms and, ~ike Hoitink, 
they concluded the the ability to supress plant pathogens is developed during 
the final stages of composting. 

While the majority of research in this area has not focused specifically on 
composted solid wastes·, there is a limited amount of work which supports the 
theory that refuse type composts may also exhibit some suppressive 
tendencies. 

Lumsden, Lewis, and Millner (55) added 10 percent by volume of municipal 
waste compost to soil infested with Sclerotinia minor (which·causes lettuce 
and peanut rot), Rhizoctonia solani (wnich causes damping-.off and root rot of 
many vegetables), and A. euteiches (which causes pea root rot). The diseases 
caused by the pathogens were significantly decreased compared to the 
controls. Compos"t added to soil with other types of pathogens either did not 
affect disease or in some cases increased it. For example, damping-:-off of 
peas and beans caused by Pvthium sp. was initially increased. When enough 
time was allowed after the composr-was added for resident microbial flora to 
be affected, disease enhancement was reversed and the soil suppressed ?vthi~ 
caused disease. 

Van Assch and Uyttebroeck (102) showed that the introduction of increasing 
quantities of domestic waste compost had a suppressive effect on the action 
of Rhizoctonia solani and Pvthium ultimum on beans and oats. In both cases 
the health ~ndex of plants in an artificially contaminated mixture of solid 
waste compost and sandy loam soil 25:75 (volume:volume) was comparable to 
those in a non contaminated control. No explanation was offered for the 
effect other than to point out that decreased pathogenesis could be due to 
many single or interactive factors including antagonism, antibiosis, 
microbial competition, toxicity of heavy metals or several other mechanisms. 

Although only minioal work has been done in this area relating specifically 
to solid waste composts, with the growing interest in organic farming and non 
chemical methods of pest control, it is likely that the subject will gain 
wider attention in the future. 
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Introduction 

As Minnesota's most predominate method of solid waste disposal, landfilling, 
has become less environmentally acceptable and more highly regulated, 
alternative solid waste disposal methods are r~ceiving more attention. Those 
alternative methods include reuse/recycle, incineration and composting. Several 
sulid waste incinerators and refuse-derived fuel (RDF) plants are currently 
being planned around the State and some are already in operation. Many 
communities have initiated curbside recycling and yard waste composting programs 
to lessen the volume of solid waste which ultimately must be disposed of. There 
is also considerable interest in solid waste composting and sever.al county 
projetts are currently in the planning stages. 

Probably the most important factor in planning a solid waste composting facility 
will be in accurately assessing the ultimate use or uses of the product 
generated. Many potential compost markets exist in Minnesota includin~ 
horticulture (e.g., landscaping, nurseries, sod production), groundskeeping 
(e.g., golf courses, athletic fields, parks, etc.), reclamation (e.g., mineland, 
hignway construction, reforestation), and finally, agriculture. A University of 
Minnesota report, entitled ''The Utilization of Solid Waste Composts, 
Co-Composts, and Shredded Refuse on Agricultural Land" is available from the 
Soil s·cience Department. This report summarizes compost research studies and 
demonstration projects from the United States and other countries. The report 
includes a section on the chemical characteristics of compost quality, a section 
on yield effects on crops such as corn, small grains, forages, and various 
vegetaoles and a third section on changes in soil physical properties produced 
from compost application. Information is also provided on studies where sorted 
and shreaded refuse was applied directly to soil without composting. 

Many of the research results summarized in the aforementioned report were 
favorable. Crop yields were increased, nutrient status of soils were enhanced, 
and soil physical conditions were improved. A logical second step seemed to be 
:o share this· information with the agricultural community and survey their 
interest in compost use. Consequently. four meetings were conducted during 
January through March of }g87 in Farmington, Anoka, Corcoran, and Hugo, 
Minnesota. At these meetings, farmers were presented with information on the 
compost process, compost quality, yield effects, and soil effects. Various 
types of composts were circulated for visual examinations. A compost fact sheet 
(Appendix A) -was distributed. And finally, a compost-use questionaire (Appendix 
S) was completed by each attendee. The following paragraphs summarize the 
results of tne suomitted questionaires. 

~a rmers Surveved 

Completed surveys were submitted by 37 farmers who represented management 
control of over 13,000 acres. Approximately one half of the completed surveys 
were from Dakota County residents; These people controlled 59 percent of the 
total acreage represented in the survey. 

Most cf the farmers (81~) owned the land they farmed. In ad9ition to farming 
their own land, 8 of these farmers leased or rented additional acreaae. Five of 
tne farmers surveyed did not own any land, but leased or rented it from others. 
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The majority of the acreage (66%) represented in the survey was used for growing 
field crops, presumably corn, soybeans and small grains. Acreage used for 
forage crop production was the second largest category represented, followed by 
set-aside acreage. 

The'- farmers .surveyed were a'sked to. rank solid waste management practices from 
the one they preferred the most~ to the least. The most preferred option was 
reuse/recycling. The second most preferred was composting. Composting was 
followed very closely by incineration. ·Landfill ing and open burning were the 
least preferred by quite a margin. Of the 37 farmers surveyed, six had 
indicated that their farm or a very near farm had at one time been proposed as a 
candidate landfill site. These farmers appeared to loo~ favorably on composting 
slightly more than the av~rage. 

TABLE 1 -- Cross-section.of farmers surveyed. 

Field Forage Set- Non-
Count.z: Attendees ~ £!:£El Pasture Aside Tillable Other Tot a 1 

- - - - - - - - (acres)- ------ - - - - -
Anoka 8 1395 
Hennepin 5 855 
Dakota 19 6205 
Washington 4 315 
Chisago 1 f?O 

TOTAL 37 8830 

Comoost.Oualit.z: 

780 
170 
935 
215 
20 

8120 

260 

20 

280 

280 
130 
618 

99 

1127 

585 130 
40 

130 5 
121 50 

10 

886 185 

Tables 2 and 3 summarize the importance of various compost characteristics to 
the farmers ~urveyed. ·From these results, it·would appear that contaminant 
level (e.g., heavy·metal, toxic organic compounds, etc.), the presence of glass 
and plastic, and cost are of major concern to potential agricultural users of 
compost. Of secondary importance are nutrient, organic matter and salt 

3430 
1195 
7893 
800 
110 

13428 

contents, and ease of'haNdling. Of lower importance are particle size, product 
consistency, product availability, the necessity for ·.large application rates and. 
odor. 

Most of these compost characteristics can be controlled by proper upfront 
-planning, selecting raw material inputs, process monitoring, and product 

monitoring. Based on the results of this survey;; the focus of compost planners 
and managers should be in the area of quality control. That is to say, 
producing a product that has· a low contaminant level and minimal amounts of 
visible plastic and glass. This can probably best be accomplished by proper 
sorting, shredding, and sc~eening, as well as· selecting high quality raw 
material inputs which are. inherently low in .contaminants (e.g.' residential 
solid wastes. yard wastes, animal manures, etc.)· versus inputs with higher 
contaminant levels (e.g., industrial wastes, sewage sludges, etc.). 
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TABLE 2 -- Importance of various compost characteristics. 

Characteristic Important Unimportant 
1 2 3 4 5 

!!;•- -.-
Nutrient content 49 17 23 6 6 
Organic matter content 46 40 9 3 3 
Salt content 42 . 30 15 6 6 
Contaminants 82 9 3 3 3 
Particle size 25 13 18 26 18 
Presence of glass or plastic 83 \ 9 6 0 3 
Product consistency 29 35 29 6 0 
Product availability 26 24 26 9 12 
Product odor 21 . 21 12 36 9 
East of handling 50 21 18 3 9 
Cost 86 10 0 0 3 

.. Percent of responses selecting tne indicated importance value ( 1 to 5) 

TABLE 3 -- Importance of the potential 1 imitations to compost use. 

Characteristic Important Unimportant 
1 2 3 4 5 

- - - - ..... 
" -Contaminant level· 76 15 3 0 6 

Presence of glass or plastic 85 9 6 0 0 
Product odors 20 29 23 20 9 
Large application rates 18 32 32 12 6 

.. ?ercent of responses selecting tne indicated importance value (1 to 5) 

Related to contaminant level, the farmers were questioned as to what they felt 
the level of environmental risk was in using compost. They were asked: 

"Do you feel the use of compost or agricultural land has less, 
more or equivalent risks to the environment as compared to other 
agricultural practices such as from chemical use?" 

Their responses were:. 
40~ Compost has less risk 
31~ Compost has same risk 
20% Compost has greater risk 
6~ Not comparable 
3% Other 

Even though contaminant level rated high in importance with the majority of 
respondents, most felt the use of compost represented the same or lers 
environmental risk compared to other farming practices. 
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Of the agricultural benefits of compost use, the ability of compost to increase 
both nutrient and water-holding capacities of soils was most important 
(Table 4). Since both of these soil properties are of more benefit in coarser
textured soils, compost planners should possibly direct their attention to areas 
of the state with these soil characteristics. The other beneficial properties 
were still important but to a lesser degree. 

TABLE 4 -- Importance of the potential benefits to compost use. 

Characteristic Important Unimportant 
1 2 3 4 5 

- -· - ~·-
Increased water-holding capacity 49 20 11 9 11 

of sandy soils 
Improved aeration/drainage of 29 23 26 9 14 

clayey soils 
Reduced runoff and erosion 35 21 32 6 6 
Replace lost topsoil 21 24 36 9 9 
Increased nutrient-holding capacity 31 34 9 20 6 

~Percent of responses selecting the indicated lmportance value (1 to 5) 

Interest in Comoost Use 

A portion of the survey dealt with the interest the farmers themselves had in 
actually using solid waste compost on their farms. Prior to answering several 
questions regarding their interest, two compost definitions w&re provided as 
follows: 

"Good" Quality Compost- A solid waste compost that has a higher nutrient 
content, lower contaminant level, lower odor potential, 
little, if any, discernible particles of glass and 
plastic, uniform granular texture, and consistently 
small particle size. 

"Poor" Quality Compost- A solid waste compost that has a lower nutrient 
content, higher contaminant level, higher odor 
potential, particles of broken glass and long, shredded 
pieces of plastic, non-uniform, coarse texture, and 
inconsistent particle size. It is assumed that a poor 
quality compost can still be used safely and provide 
soil and crop benefits, but extra precaution may be 
necessary in its u·se. Also, a poor quality compost may 
not have.one or two of these unfavorable 
characteristics. 

After reading these definitions, the farmers were asked to answer several 
multiple choice questions. The first question asked which of several statements 
best described their feelings regirding compost ·use. The following was their 
response: 
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47: I may be interested in using compost, but I feel more 
research is necessary. 

33~ I would be willing to try a~ quality .compost only on my 
farm. 

11~ I would be willing to try a~ or poor quality compost on 
my farm. 

a:- I am not at all interested in using compost. 

Two important findings were obtained from the responses to the questions .. 
First~- the overall majority of respondents (91:) indicated a favorable response 
to compost use. And secondly, there is a perceived· need for additional research 
into compost use. 

When asked what best described their feelings if 
was offer~d to them at what that individual felt 
following responses were attained: · 

tomorrow a aood quality compost ---... . 
was a reasonaole pr1ce, the 

42~ I may be interested· in the future, but I feel more research 
is necessary. 

36% I would use it on a trial basis only and if results were 
satisfactory, have it applied on more acreage. 

17~ I would have it applied on as much acreage as possible. 

6~ Not interested. 

As with the previous question, a majority of farmers were interested in using a 
good qualitY compost, but about one-half felt more research is necessary. 

'ihe same question as the previous 'one was asked, except this time regarding the 
use of a £££:quality compost. The following responses were obtained: 

61~ Not interested. 

22~ I would use it on a trial basis only and if results were 
satisfactory, have it applied on more acreage. 

14~ I may be interested in the future, but I feel more research 
is necessary. 

3% I would have it applied on as much acreage as possible. 

'..'hen asked about their interest if offered a poor quality compost at a 
reasonable price, results were overall negative. About 48~, however, indicated 
tney still might be interested dependent upon research on trial basis results. 

In an attempt to summarize and quantify the farmers' interest in compost use the 
following cuestion was asked: 
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"Assuming (al researchers and pollution_control officials felt 
that compost utilization was environmentally acceptable, and (b) 
you or a neighboring landowner used compost on a trial basis on a 
few acres and also found it to be acceptable, and (c) an 
agreeable cost for the compost and its application was arrived 
at, how many acres would you have compost applied to?" 

Seventy percent of the farmers surveyed indicated acreages ranging from 5 to 450 
acres. The combined acreage totalled 1995 acres or 18% of the total cropped 
acres controlled by the farmers responding to the survey. ·Assuming a compost 
application rate of 100 tons per acre the findings from just this small survey 
(37 farmers) would indicate a potential market for 200,000 tons of solid waste 
compost. If the farmers in this survey were-representative of all farmers in 
the State of Minnesota, a market for many million tons of compost is available. 
A larger survey of farmers having reviewed the results of experimental field 
trials would be necessary to bear this out. 

Comoost Revenues 

Solid waste planners are often faced with the question of how much revenue can 
be expected from a proposed solid waste composting program. To deal with this 
issue, farmers were asked what they felt was a reasonable charge for a compost 
product, its delivery, and its application. The responses are summarized in 
Table 5 below: 

TABLE 5 -- Potential revenues from compost sales. 

ComPost Oualitv 

Good Poor 

;, ~ .. -
0 0 

1 -.0 0 
29 17 
37 20 
9 11 
9 51 

Response . 

Greater than SSO per acre 
SlO to 550 per acre 
Less than SlO per acre 
It would have to be free 
I would have to be paid to use it 
I would not be interested in using this compost no 
matter if it was free or if I was paid to use it. 

YNumoers in eacn row represent tne percentage of farmers selecting indicateo 
response. 

As previous questions indicate, Table 5 shows more farmers are interested in 
using a good quality compost (91~) over a poor quality one (47%). More farmers 
are willing to pay for a good quality compost (35%) versus a poor quality one 
(17~). Even though farmers might.be willing to pay for a good quality compost, 
the amount paid would not begin to cover the costs of production, delivery, and 
application. Assuming an application rate of 100 tons per acre, 16% of the 
farmers surveyed would be willing to pay somewhere in the vicinity of only 10 to 
50 cents a ton, and 29: less than 10 cents a ton. From these results, it would 
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appea~ that solid waste planners should not rely on any monetary return from the 
agricultural compost market. 

Summary Questions 

In conclusion, several questions were asked in order to summarize the farmer's 
feelings and interest and to provide for future discretion in compost related 
activities. For the most part, the responses to these questions were 
overwhelming one way'or the other. The following are the responses to the 
summary questions: 

~ Disaoree 
01 ,, 

91 

82 

97 

78 

100 

90 

90 

7 

9 

18 

3 

22 

0 

10 

- 10 

93 

Survey Conclusions 

Solid waste compost should be allowed on 
agricultural land if certain precautions ·are 
followed. 

I would be willing to use compost. 

The state should develop rules regulating the 
quality of solid waste compost. 

The state should develop rules regulating the use 
of solid waste compost. 

ihe University of Minnesota should continue its 
research into the agricultural use of solid waste 
compost. 

My county extension agent should set up 
demonstration plots so I can see the effects of 
utilizing solid waste compost. 

I would like to learn more about· the use of solid 
waste compost on agricultural land. 

I am totally opposed to the use of solid waste 
compost on agricultural land. 

1. Reuse/recycling, composting and incineration are the most favored solid 
waste management practices. · 

2. ihe most important compost characteristics are contaminant levels, 
presence of glas~ and plastic, and cost. 

3. The most important benefits from compost use are increased nutrient- and 
water-holding tapacities of soils. 

t. Farmers are definitely inte'rested in using compost, especially good quality 
composts. 
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5. 

·8· 

Many feel more research is necessary in the area of agricultural compost 
use. 

6. Great potential exists for the agricultural use of vast quantities of solid 
waste compost ranging into the millions of tons per year. 

7. Little, if any, income should be expected from compost sales to the 
agricultural market. 

8. The State should develop rules regulati~g the quality and use of solid 
waste compost. 



COMPOST INFORMATION SHEET 
University of Minnesota 

THE PROBLEM 
~:innesota is faced with a severe solid waste management problem. Several years 
ago the open burning of garbage was prohibited to protect our air quality. This 
action caused a major shift to the development of landfills throughout.the 
State. Eowever, due to reasons such as improper siting, poor management, and/or 
ground water contamination ~any landfills have been closed or will be closed in 
the near future. Because of the tremendous quantities of garbage produced in 
the seven county Twin Cities area, many of its landfills will soon run out of 
space. This solid waste dilemma prompted the Minnesota State Legislature to 
re~uire -that all counties develop long-term solid waste management plans. 
Hopefully, this planning effort will head off a potentially severe solid waste 
problet:l. 

THE SOLUTIONS 
Several options exist to t:litigate the solid waste problem. Probably the most 
desirable and cheapest options are to recycle andl·or reduce the =ount of 
ga=~age ge~e:ateC. Homeo~ue=s can co~post ya=d ~astes and utilize it en their 
gardens and la1.'TIS. People can recycle paper, cans, glass and- used oil. '::he 
consumer ~roducts and food service industries can limit overpackaging of their 
~rociucts. Consumers can also purchase many grocery and other items from bulk 
supplies, such as at coops and many supermarkets. 

?ossibly the least desirable of all solid waste management options is the siting 
cf new landfills. Generally, this option stimulates a great degree of public 
resistance due to the fears of ground water contamination, lowered property 
values, odors, and the destruction of prime farmland. Landfills of the future, 
however, should have less problems ·due to the safeguards that will go into their 
construction and ~anagement. These safeguards include double liners, leachate 
collection, and ground water monitoring and, will greatly increase the costs of 
solid •aste disposal. 

~nat appears to be currently a very popular solid waste management option is 
incineration. Depending on facility design, 'the system may remove recyclables, 
generate electricity or heat energy, and/or produce a solid fuel. Disadvantages 
of this option may include reduced air quality, high construction costs, and an 
~Sh ClS?CSal problem. 
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The last option ~hich usually isn't given much consideration in the Vnited 
States is solid waste composting. Composting is the microbial breakdown of 
organic caterials, such as garbage, into a dark colored, highly organic friable 
I:laterial which typically has an "earthy" ·odor.· Composting is a significant 
30lid waste management practice in Europe, the Soviet Union, India, and the Far 
East. In this country, the majority of materials currently being composted are 
yard wastes, feedlot manures, crop residues, forestry product wastes, and sewage 
slucges. !hes<! matt! rials are compos ted to reduce volume, increase. ease of 
handling, eliminate odor potential, destroy disease-causing pathogens, and 
produce an acceptable soil conditioner or and plant nutrient source. 

COMPOSTING 
~any people feel that composting is recycling at its best. Most solid ~aste is 
generated from products·which are originated from the land including paper, 
food, and fiber. These materials, once disposed of, can be composted and 
returned back to the land. Unlike landfilling, large tracts of land are not 
taken-out of production and permanently converted .. In fact, just the opposite 
is true. Land can be enriched and improved by compost application. Only the 
area where the compost is being produced will temporarily be affected. This 
land can always be converted back to its original status. 

rnlike incineration, emissions of potentially harmful chemicals are.not a 
concern in the composting process. However, if improperly managed odors can be 
a problem at composting facilities. Both landfills and incinerators are 
designed ~ith a certain design life expectancy, such as 20 years. At the end of 
t~is cesign life, a new landfill location must be found or the incineration 
facility cay likely need a complete overhaul or rebuilc. A composting facility 
relies prii:~arily on·biological activity and therefore is constantly rene~able. 
Depencing on the design, there are certain mechanical components ~hich must be 
periocically replaced, but there is no reason why the facility cannot be used 
fer an extremely long period of time. 

~nat makes solid waste composting appear. to be so attractive in Xinnesota is the 
vast number of users available which could benefit from such a compost product. 
Ihis list ~ould include: 

* turf establishment and maintenance - golf ·courses, cemeteries, athletic 
fields, airports, sod farms, parks, private lawns 

* nursery crops and ornamentals 

* land reclamation - mine spoils, tailings basins, gravel pits 

* landscaping - parks •. highway construction, flower ga::dens, arbo::etums 

* ho::ticultural production- nursery c::ops, o::namentals, potting media 

* agricultural procuction - field c::ops, vegetable crops, forage grasses 
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lt would appear that the largest potential user of compost in ~innesota would be 
the agricultural sector. This supposition is especially true if 'the material 
could be obtained at a low or at no cost. Depen~ing on the initial materials 
used in the compost and the degree of·processing (shredding, screening, and 
separation), solid waste compost would have some or all of the following 
benefits and limitations to the agricultural user: 

Be:;ef:i.ts: 

* 

* 

* 

* 

* 

* 

increased water-holding capacity of sandy soils 

i=proved aeration and drainage of heavy clay soils 

reduced runoff and erosion on sloped land due to increased water 
infiltration and storage, and improved aggregate stability 

increased nutrient-holding capability which can result in more efficient 
use of fert~lizers 

antibiotic effects on certain plant diseases 

source of ~aero- and micro-nutrients 

L:.=i.tatior..s: 

* 

" 

* 

large application rates (20 to 100 tons/acre) are needed to condi:ion soil 
and/or provide plant nutrien:s 

contains residual levels of conta=inants such as heavy metals 

may contain small fragments of non-biodegradable materials such as glass 
and plastic 

THE FUTURE 
T~e Cniversity of Xinnesota is currently involved in compost research funded by 
the State Legislature and Metropolitan Council. Solid waste compost samples 
have been collected from around the world and are being analyzed for plant 
growth. and soil conditioning properties. Future plans include small 
demonstration plot studies investigating the beneficial use of compost on 
agricultural soils and also a survey of farmers regarding their desire to use 
such a product. A literature review is available from the Soil Science 
~epartment which su~arizes research results by various research organizations 
en crop yield effects and soil conditioning properties of solid waste compost 
application. Several ~innesota co~unities are already planning solid waste 
cc~?os::.~g :ac:.lit:es •hich are scheduled for cor.struc:icn ~~th~n the nex:_:e~ 
:;ec.: s. 



U~IVERSI!Y OF XINNESO!A COMPOS! RESEARCH 
AGRICL~!u~ USE SURVEY 

Preliminarv Information 

1. Are you currently involved in farming? (yes or no) 

2. In ~hat county is your farm? 

3. Hov many acres are you farming? (approximate) 

acres in --- field crops 
acr~s in forages 
acres in set aside program 
acres non-tillable 
acres, other: (please specify) 

4. Of the farm described in questions 2 and 3 above, are you: 
(check ~ost appropr~ate) 

l.ando~o."!ler 

Leaser or renter 
Relative of landowner (e.g. son) 
Other, describe: 

5. ~as your fa~ or a farm very near to you ever been proposed as a candidate 
la~dfill site? (yes or no) 

6. Rank the folloving solid ~aste management practices assigning the number 1 
to the most preferred, number 2 to the second most preferred and so on, to 
~umber 5 for the least preferred practice in your. opinion. 

Inc i:u! !"at ion 
Co::lposting 
LanC:illing 
Open bur:-ting 
~euse/recycling 

7. Of the folloving compost characteristics, vhat do you believe vould be your 
major concerns regarding compost quality. Rate each of the folloving on a 
l to 5 basis vhere 1 is important and 5 is unimportant. Circle only one 
n~:ber for each. 

I:::oor~ant Unimportant 

:\utrient content 1 2 3 4 5 
Organic ::.atter content 1 2 3 4 5 
Sa:.: cor. tent 1 2 3 4 5 
Con:a=inar:ts 1 2 3 4 5 
Par:icle size 1 2 3 4 5 
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Important Unicportant 

Presence of glass or plastic l 2 3 4 
_Product consistency l 2 3 4 
Product availability l 2 3 4 
Product odor l 2 3 4 
Ease oi handling l 2 3 4 
Cost l 2 3 4 
Other, specify 1 2 J 4 

Additional Comments: 

Of the potential benefits of compost use, what do you believe 
major reasons for using compost, assuming you were to use it. 
the following on a 1 to 5 basis where 1 is important and 5 is 
Circle only one number :or each. 

5 
5 
5 
5 
5 
5 
5 

would be your 
Rate each of 

unimportant. 

lr:portant Unir:portant 

Increased water-holding capacity of 
sandy soils 1 2 3 4 5 

Improved aeration/drainage of clay soils 1 2 3 4 5 
Reduced rune:: and erosion 1 2 3 4 5 
Replace lost topsoil l 2 3 4 5 
Increased nutrient-holding capacity 1 2 3 4 5 
Nutrient source 1 2 3 4 5 
Other, specify 1 2 3 4 5 

9. Of the potential limitations of compost use, what do you b~lieve would be 
your cajor reasons for not using compost, assu11:.ing you are not interested 
in using it. Rate each of the following on a 1 to 5 basis where l is 
~=portant and 5 is unimportant. Circle only one number for each. 

I::~Portant t:r.i::roortan t 

Contat::ir.ant level 1 2 3 4 5 
Presence of glass or plastic 1 2 3 4 5 
Product odors 1 2 3 4 5 
Large application rates l 2 3 4 5 
Other, speciiy - 1 2 3 4 5 
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The definitions below will be used in the following questions: 

"Good" Quality Compost - A solid waste compost that has a higher nutrient 
content, lower contaminant level, lower odor potential, 
little, if any, discernible particles of glass and 
plastic, uniform granular texture, and consistently 
small particle size. 

"Poor" Quality Compost - A solid waste compost that has a lower nutrient 
content, higher contaminant level, higher odor _ 
potential, particles of broken.glass and long shredded 
pieces of plastic, non-uniform, coarse texture, and 
inconsistent particle size. It is assumed that a poor 
quality compost can still be used safely and provide 
soil and crop benefits, but extra precaution may be 
necessary in its use. Also, a poor quality c~mpost may 
not have one or two of these unfavorable 
characteris:ics. 

10. wnich of the follo~ing statements best describes your feelings. Circle 
only_ one. 

a. I ~ould be ~illing to :ry a good quality compost only on my farm. 
b. I ~ould be ~illing to try either a good or poor quality compost on my 

fa=-:n. 
c. I may be interested in using compost, bu: I feel more research is 

necessary. 
d. I am not a: all interested in using compost. 
e. Other, specify 

11. ~~ich of the follo~ing statements best describes your feelings- if tomorrow 
you were offered a ~ quality compost at what you felt was a reasonable 
cos:. Circle cnly one. 

a. I would have it applied en as ouch acreage as possible. 
b. I would use it on a trial basis only and if results were satisfactory 

have it applied on more acreage. 
c. I may be interested in the fu:ure, but I feel more research is 

necessary. 
d. ~ot interested. 
e. Other, specify 

l~. ~~ich of the following statements best describes your feelings if tomorrow 
you were offered a ~ quality compost at what you felt was a reasonable 
cost. Circle only one. 

a. I would have it applied on as much acreage as possible. 
b. ! would use it on a trial basis only and if results were satisfactory 

have it applied on more acreage. 
c. l may be interested in the future, but I feel more research is 

necessary. 
d. ~o~ ~nte~ested. 

e. O:her, specify 
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13. Assuming the charge for a good quality compost included the ·compost, its 
delivery, and its application, what do you feel would be a reasonable price 
for the material and service. Circle only one. 

a. 
b. 
c. 
d. 
e. 
f. 

g. 

Greater than $50 per acre •. 
SlO to $50 per.acre. 
Less than $10 per acre. 
It would have to be free. 
I·would.have tp be paid to use it. 
I:would not be interested in using a good quality compost no matter if 
it was ·free or if. I was paid· to use it. 
Other, specify 

14. Assuming the charge for a~ quality compost included the compost, its 
delivery, and its application, how much do you feel would be a reasonable 
price for the material and service. Circle only one. 

a. Greater than SSO per acre. 
b. $10 to S50 per acre. 
c. Less than 'to SlO per acre. 
d. It would have to be free. 
e. I would have to be paid before I would use it. 
f. I would not be interested in using a poor q~ality compost no matter if 

it was free or ~f I was paid to use it. 
g. Other, specify 

15. Do you feel the use of compost on agricultural land has less, more, or 
equivalent risks to the environment as compared to other agricultural 
practices such as farm chemical use? 

Compost has less risk. 
Compost has greater risk. 
Compost has the same risk. 
:-;ot comparable. 
Other, speci:y 

16. Assuming (a) researchers and po~~ution control officials felt that compost 
utilization was environmentally acceptable, and (b) you or a neighboring 
lando~~er used compost on a trial basis on a few acres and also found it to 
be acceptable, and (c) an agreeable cost for the compost and its 
application was arrived at, how many acres would you have compost ipplied 
to? acres 

17. 1 feel an agreeable cost for compost and its application is one where 
(circle or.e) :_ 

a. 1 pay for the compost and its application. 
b. !he compost and its application are free. 
c. 1 am paid for compost application to my land. 
d. Other, specify 
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18. Please indicate whether you agree or disagree with the following 
s~ments: 

Agree/Disagree 

Agree/Disagree. 

Agree/Disagree 

Agree/Disagree 

Agree/Disagree 

Agree/Disagree 

Agree/Disagree 

Agree/Disagree 

\ 

Solid waste compost should be allowed on agricultural 
land if certain precautions are followed. 

1 would be willing to use compost. 

The state should deve~op rules regulating the quality 
of solid waste compost. 

The state should .develop rules·regulating the use of 
solid waste compost. 

The University of Minnesota should continue its 
research into the agricultural use of solid waste 
compost. 

My county extension agent should set up demonstration 
plots so I can see the effects of utilizing solid waste 
compost. 

I would like to learn more about the use of solid waste 
compost on agricultural.land. 

I am totally opposed to the use of solid waste compost 
on agricultural land. 

,. 
' • 



ATTAC~E~! D 

CO~POSITIO~ OF YARD ~ASTE CO~POSTS PRODUCED AT TWIN CITIES 

METROPOLITAN AREA CEN7RALIZED COMPOS7ING SITES 

Th~s p~oject ~as suppo~ted by the Leg~slative 
Co:=ission on ~~nnesota Resources and the 
~erropol~tan Counc~l of the Twin Cities Area 



INTRODUCTION 

Yard wastes such as leaves and grass clippings represent a significant 
portion of wastes currently disposed of in landfills. A waste characteriza
tion study conducted by Hennepin County in 1984 and 1985 showed that of 8.7% 
of the total solid waste being landfilled was yard waste. ( 11). 

The Metropolitan Council of the Twin Cities Area, in its 1986 Solid ~aste 
~~nagement Guide/Policy Plan (8) has identified composting as the preferred 
management option for yard wastes. That plan calls for a 16% reduction in 
the amount of Metro area wastes landfilled through recycling, waste reduction 
and composting activities. Composting of yard wastes alone could achieve half 
of that goal. 

Yard wastes are particularly suited for composting for a number of reasons: 

(1) Yard wastes· are highly organic and therefore good feedstock for the 
composting process. 

(2) Yard wastes are plant materials as opposed to manufactured materials 
and thus are less likely to contain significant amounts of con
taminants such as trace metals. 

(3) Yard wastes are often handled and disposed of separately by home
owners, thus it is relatively easy to segregate them from the rest of 
the waste stream. Extensive processing to remove materials such as 
glass, plastics, and metals is not necessary. 

Participation at the Twin Cities Metro Area centralized composting sites has 
steadily increased in recent years; both in the amount of materials being 
deposited and the amount of finished compost being picked up for use. All of 
these factors lend support to efforts to increase yard waste com~osting as a 
lancfill abatement practice for the Metropolitan Area. 

Recognizing the ~portance of yard waste composting and given the fact that 
it represents the only significant solid waste composting currently practiced 
in the seven county area, yard waste composts have been included in several 
stueies carried out as a part of the University of Minnesota Compost/Co
compost Research Project. 

The most extensive work on this project involving yard waste composts has 
been chemical characterization. This particular aspect was emphasized 
because of concerns over lead (Pb) contamination in the environment and the 
potential for yard waste composts to contain unsafe levels of tr~s element. 
Possible modes of yard waste compost contamination are either direct exposure 
of leaves and grass to automobile exhaust or the inclusion of street 
sweepings (which might contain high levels of lead from automobile exhaust) 
in the compost pile. 

OBJECTIVES 

A review of the literature showed very little information on the chemical 
compostition of yard waste composts. Essentially no data was available on 
lead levels of yard waste composts or similar materials. This monitoring 



study was undertaken to provide such information and to assess potential 
problems with the use of yard waste composts produced at the centralized 
facilities. 

MATERIALS AND METHODS 

Eleven different sites in the Twin Cities Metropolitan Area were sampled in 
1985 and 1986 (Figu~e 1). The locations were selected to include sites from 
both highly urbanized areas where one might expect higher.atmospheric lead 
levels and from more remote areas with less traffic and therefore less 
exposure to automoblile exhaust. 

The sites also represent some differences in pile management. At the 
majority of sites, materials.are deposited over the summer· and fall months 
and allowed to compost for a period of approximately eighteen months. For 
example, compost available for pick-up or distribution in the spring of 1986 
was produced from materials deposited in the summer. and fall of 1981.. At the 
Hennepin. County facilities (sites E, J, and K) more intensive management 
practices such as shredding of materials and more frequent turning and 
10ate=-ing of piles has enabled a shorter. composting period. Compost available 
at these sites in the spring of 1986 was produced from materials deposited in 
the suc:ner and fall of 1985. 

All of the facilities now accept both leaves and other yard wastes such as 
grass clippings, and the materials are composted together in large windrows. 
However, during the summer and fall of 1984, grass clippings and leaves were 
collected and composted separately at site E. The two types of composts were 
individually sampled during the first round of sampling. 

The first sets of compost samples were collected in the late fall of 1985. 
Sites J. and K were not included in this initial sampling as all finished 

.compost produced from 1984 materials had been distributed in the spring of 
1985. Tne second sets of samples from sites E, J, and K were collected in May 
of 1986. The r~mainder of the sites were sampled for the second time in 
Decenbe=- of 1986. The schedule for the second set of sampling enabled 
collection of finished compost produced from 1985 materials prior to public 
distribution and pick-up. 

Fourteen individual grab samples were collected from each site or from 
different windrows at a given site. The samples were taken along a transect 
along the ridgetop of the windrow. A 30-cm deep hole was made using a tiling 
spade and a grab sample of approximately . one kilogram was taken from the 
bottom of the hole. A single composite sample of recently deposited leaves 
10as also taken from each site in the fall of 1985 so that lead levels in 
finished compost could be compared with those in the starting materials. 

Samples were. air-dried, ground in a. soil pulverizer. and passed through a 5 = 
screen. Stones, plastic, and other materials that could not be pulverized 
were discarded. The less 'than 5 = fraction was ball-milled and then 
subsa:npled for analysis. 

Che~ical characterization of the composts included: total nitrogen by semi
micro Kjeldahl; total carbon by Leco CR-12 C deteroinato~; pH and electrical 
conduc~iv~~y (1:1 cocpost:water suspens~on); and elemental analyses by 



inductively coupled plasma (ICP) spectrometry for phosphorus, potassium, 
calciun, magnesium, aluminum, iron, sodium, manganese, zinc, copper, boron, 
lead, nickel, chromium, and cadmium.· 

RESULTS AND DISCUSSION 

Lead data from the two sampling sets are summarized in Table 1. The year 
' shown on the table indicates the year that fresh materials were deposited at 

th~ site. For example, 1984 samples consist of composts that were produced 
from 1984 leaves and/or grass. The sample of composted grass clippings 
collected at site E during the initial round of sampling is indicated by an 
asterisk. All other composts were produced from leaves or from a combination 
of leaves, grass clippings, and other yard wastes •. 

As eight be expected, the highest lead concentrations were found in composts 
produced at sites in the most urban areas. In the 1984 batch the single. 
sample with the highest lead concentration (329 mg/kg) was from location D. 
This site also had the highest average lead concentration (92 mg/kg) for 
1984. In the 1985 samples the single sample with the highest lead concentra
tion (380 mg/kg) was collected from location c. Location J had the highest 
average lead concentration (128 mg/kg) of the 1985 samples. 

Data for two years is available for nine sites. At ·seven of those sites the 
average lead concentration was less in the second set of samples. These 
lower values might suggest that, as the consumption of leaded gasoline 
decreases, we can expect to see a corresponding decrease in the amount of 
lead in yard waste composts. 

Lead concentrations in soils commonly range from 2 to 200 mg/kg (2). Recent 
studies have shown that levels in urban soils often exceed the upper end of 
tr.is range ( 10). Thus it is not unlikely that the lead concentrations of 
yard waste composts may actually be less than those of some urban soils. 
Lead is quite insoluble in soil and tends to be excluded by 'plants (7). This 
fact has been demonstrated by considerable research - much of which has 
focused on the fate of trace metals when added to soils from the application 
of sewage sludges (4). 

Generally, it has been considered safe to use garden produce gro~~ in soils 
with total lead levels less than 500 mg/kg. The Food and Drug Administra
tion, along with the Environmental Protection Agency, has suggested that 
sewage sludges containing less than 1000 mg/kg of lead can be used for the 
production of fruit and vegetable crops (14). The ~~nnesota Pollution 
Control Agency (MPCA), in its proposed Solid lolaste Rules, has also es
tablished a level of 1000 mg/kg as the maximum allowable concentration of 
lead that may be contained in solid waste composts that are distributed in an 
unrestricted manner (9). It should be noted that the lead levels in the yard 
waste composts are considerably less than these limits. 

~itrogen and carbon contents, along with carbon:nitrogen (C:N) ratios are 
shown in Tables 2 and 3. Nitrogen contents range from 0.57 to 2.14~. The 
average for all sample sites is approximately 1.25~. There was considerable 
variation in carbon content with levels ranging from 4.4 to 39.3%. Some of 
the variation is likely due to differences in the degree of decompostion of 
t~e composts. It was also suspected that the high sand content of some of 
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the samples resulted in relatively low carbon levels. 

The C:~ ratio is a commonly used indicator of compost maturity (the extent of 
decomposition). As decompostion o'ccurs during the composting process·, carbon 
is oxidized and released to the atmosphere as carbon dioxide. Thus there is 
a net reduction in the amount of carbon and a corresponding decrease in the 
C:~ ratio. If inadequately decomposed yard wastes are added to soil, the 
~aterials will continue to break down in.the soil. Soil nitrogen may be tied 
up (immobilized) by the decompostion process and plants growing in the soil 
may suffer from nitrogen deficiency. 

Ratios of C:N ranging from less than 15:1 to less than 30:1 have been cited 
as limits below which nitrogen mineralization will occur; nitrogen is 
released from rather than immobilized by the organic matter. Studies carried 
as a part of the University of Minnesota Compost Research Project have shown 
that nitrogen cine~alization f~om composted waste mate~ials occurs when the 
C:N ratio is below 15:1 to 20:1. The majority of samples collected for the 
yard waste compost study have C:N ratios less than 20:1; several of these 
were less than 15:1. Thus it does not appear that nitrogen icmobilization 
should be a major concern with most yard waste composts. 

Other plant macronutrients such as phosphorus, potassium, calc:um, and 
magnesium are also present in yard waste composts. Data on these elements 
a:-e summarized in Tables 4 through 7. There is considerable variation in 
concentrations of these elements both with a given pile and from site to 
site. Differences are probably due to several factors including age of the 
compost, amount of water added, plant species, and the amount of soil that is 
inadvertently mixed into the pile during turning. 

Average concentrations of phosphorus, potassium, calcium, and magnesium for 
all sites are 0.20, 0.30, J.o,· and 0.50 % respectively. Ranges of these 
elements that might ordinarily be expected. in mineral soils are: phosphorus, 
0.01 - 0.20 7.; potassium, 0.17- 3.30 7.; calcium, 0.07- 3.60 7.; and mag
nes:um, 0.12 to 1.50 7.. 

:-:~e concentrations of these elements in yard ;;aste composts are more si::::ilar 
to those of a rich topsoil than commercial fertilizer materials. Yard waste 
cor::post is ::lOSt appropriately used as an amendment •:hich, when worked into 
soil, "'ill improve physical and biological properties and provide small 
a::Jo~;nts of nutrients over a period of time. Compost is also an excellent 
::~ulch material for the home lawn and garden. Applied around the base of 
plants it can help to control weeds and conserve soil moisture. 

Concentrations of trace elements other tha·n lead, are shown in Tables 8 
through 16. Of these iron, sodium, manganese, zinc, copper, and boron are 
essential plant nutrients and their presence in composts may provide some 
benefit. However, all of the trace elements, at too high concentrations, can 
be toxic to plants or cause other problems due to nutrient imbalances. Of 
particular concern, in addition to lead, are the elements cadmium, chromium, 
copper, nickel, and z!nc. The.M!nnesota Pollution Control Agency, in its 
proposed Solid l.'aste Rules has established maximum concentrations of these 
el~ents for co::~posts that are distributed in an unrestricted manner. The 
allowable levels in milligrams per kilogram (parts per million) on a dry 
weight basis are: 



Cadmium 10 
Nickel 100 
Copper 500 
Chromium 1000 
Zinc 1000 

A quick survey of the data shows that yard waste composts easily meet these 
requirements. Typical concentrations of most of these elements found in the 
yard waste composts are many fold less than the allowable levels. 

Values of pH and electrical conductivity (EC) are important parameters in 
assessing the suitability of a material for plant growth. The acidity or 
alkalinity of a caterial is indicated by pH. The pH scale ranges from 0 to 
14 1•ith 7 being neutral. .The greater the pH above 7, the mor:e alkaline a 
material and the lower the pH below 7, the more acidic a material. A soil pH 
range of 5.5 to 7.0 is optimum for the growth of most plants~ As is shown in 
Table 18, pH values for yard waste composts tended to be in the 7.0 to 8.0 
range. Although slightly alkaline, the use of compost should not pose 
problems when diluted by mixing into soil. In fact, many Minnesota soils 
tend to be slightly acidic and benefit from practices that increase soil pH 
(6). Yard waste composts are not well suited for use on acid loving plants 
such azaleas, strawberries, and blueberries. 

Soluble salts refer to the inorganic constituents that are soluble in water. 
Elecents contributing to salinity include calcium, magnesium, and sodium in 
combination with chlorides, sulfates, and nitrates. A high soluble salt 
content increases osmotic pressure in the soil solution. The result is a 
decrease in availability of water to plants. Both seed germination and plant 
growth are adversely affected by a high soluble salt content. 

The ability of a solution to conduct electricity is approximately proportion
al to its soluble salt content. Thus, the EC of an extract is a commonly 
used indicator of soluble salt concentration. The conductance is.often 
expressed as :::ill.:.Chos per centimeter C=ho/cm). At soil EC values less than 
2 =ho/c::n salinity effects are largely negligible, between 2 and 4 ll:l:lho/c::n 
yields of sensitive crops may be affected, and at EC values greater than 4 
=hoi a yields of many crops are restricted ( 15). 

The EC values of all compost samples ranged from 0.3 to 10.6 mmho/cm. Site 
averages ranged from 0.4 to 3.4 mmho/cm. The soluble salt contents of yard 
waste composts are satisfactory for plant growch. As with pH, dilution of 
the compost by mixing into soil will prevent adverse effects. It is not 
reco=ended that undiluted compost be used as a growing meduim for potted 
plants or germinating seeds. Research in this area has shown that media used 
for these purposes should not contain more than 25% by volume of compost 
::.aterials (13). 
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Table 1. Lead of yard and leaves. ~~,::~ content 1o1aste compost 
!';:1 
J-;·l 
; .. ;, 
:~::: Compost 
i~::: Site Year Range ~lean Standard Deviation Leaves 
c·r mg/kg 

i~f:; 
1984 13-74 34 16 

f\! 1985 10-20 14 3 5 

B 1984 18-58 33 12 

:~ 1985 11-?7 18 5 <2 

c 1984 54-121 83 22 
/1f 1985 43-380 98 84 9 

II D 1984 32-329 92 74 
1985 19-123 69 34 7 

E 1984 40-60 51 7 
1984* 35-46 4? 3 
1985 24-97 43 18 13 

F 1984 2i-75 48 13 
1985 1-30 10 7 3 

G 1984 23-45 34 6 
1985 15 .. 43 25 6 <2 

H 1984 23-59 33 12 
1985 6-17 10 3 <2 

I 1984 26-70 53 14 
1985 22-253 60 60 4 

J 1984 
1985 64-218 127 35 26 

K 1984 
1985 34-70 48 10 10 



Table 2. ~itrogen content of yard waste composts. 

~itrogen 

sae Year Ran2e Mean Standard Deviation 
------- % -----

A 1984 0.54-1.74 1. JO o. 38. 
1985 0.65-1.93 1. 39 0.28 

B 1984 0.70-1.65 1.26 0.36 
1985 0.74-1.82 . 1. 38 0.31 

c 1 9jl4 0.74-1.63 1. 24 0.24 
1985 0.75-1.68 1.39 0.28 

D 1984 0.50-4.20 - 1. 54 0.90 
1985 1.25-3.00 1. 82 0.52 

E 1984 0.66-1.47 0.91 0.20 
1984 * 1.29-1.70 1. 44 o. 11 
1985 0.42-1.19 0.93 o. 18 

F 1984 0.40-3.52 1. 16 0.89 
1985 1.16-3.01 2. 14 o. 52 

G 1984 0.58-1.47 0.85 0.27 
1985 0.86-1.44 1. 19 o. 19 

H 1984 1.03-1.73 1. 40 0.20 
1985 0.92-2.03 1. 60 0.31 

I 1984 0.38-1.88 0.92 0.54 
1985 o. 52-1.56 1. 07 0.32 

J !984 
1985 0.33-0.87 0.57 0.18 

K 1984 
1985 0.73-1.10 0.86 0.09 



Table 3. Carbon content and carbon nitrogen ratio of yard waste composts. 

Carbon Carbon::-litrogen 
Site Year Ran~~:e !1ean Standard Deviation Ratio 

---------------- ., ------------.. 
A 198,4 11.2-41.4 29.2 9.0 22.8 
(( 1985 13.7-36.9 27.5 7.2 19.6 

B 1984 9.7-28.8 21.6 6.0 17. 3· 
1985 13.7-26.6 19.8 4.9 14.2 

c 1984 13.3-27.8 21.7 4. 4· 17.6 
1985 11.3-28.3 22. 1 4.7 14: 7 

D 1984 9.7-34.5 21.5 7. 1 15.4 
1985 !6.2-38.2 22.7 5.9 12. 7 

E 1984 11 • 8- 16. 6 14.2 1. 5 16. 8 
1984* 13. 9-19. 7 16.2 1. 8 11. 3 
1985 15.8-23.9 18.9 3.8 20.4 

F 1984 4.4-39.3 16. 3 12.2 1 4. 1 
1985 !2.6-40.7 28.4 7.4 14. 1 

G 1984 9.8.::18.5 13.2 2.4 15.9 
1985 11.8-25.1 16.8 3.2 14.2 

H 1984 8.2-22.4 16. 6 3. 7 11. 5 
1985 1 0. 0-2 6. 1 19. 2 3.8 12.0 

I 1984 5.4-~5.2 11.8 5.9 13.8 
1985 11 • .!.-24.6 18. 1 4.0 17.4 

J 1984 
1985 17.2-31.7 13.7 4.0 24.8 

K 1984 --
1985 12.9-19.7 15.6 2.2 18. 3 



Table 4. Phosphorus content of yard waste composts. 

Phosohorus 
Site Year Ransze Mean Standard Deviatlon 

- -- - % -- -
A 1984 0.07-0.18 0.15 0.03 

1985 o·.l3-o.5o 0.23 0.12 

B 1984 0.08-0.28 o. 13 0.05 
1985 0.12-0.32 o. 19 0.05 

c 1984 0.09-0.20 0. 14 0.03 
1985 0.11-0.22 o. 18 0.04 

D 1984 o. 13-0. 27 0.17 0.05 
1985 0.22-0.56 0.31 0. 10 

E 1984 0.07-0.15 o. 10 0.02 
1984 * 0.17-0.23 0.21 0.02 
1985 o. 12-0.22 o. 16 0.03 

F 1984 0.05-0.50 o. 14 0. 11 
1985 0.20-1.15 0.44 0.25 

G 1984 0.09-0.21 o. 12 0.04 
1985 0.14-0.29 o. 18 0.04 

H 1984 0.15-0.27 0.20 0.04 
1985 0.22-0.46 0.34 0.07 

I 1984 0.05-0.30 o. 12 0.08 
1985 0.12-0.28 o. 18 0.04 

J 1984 
1985 0.06-0.09 0.08 o. 01 

K 1984 
1985 0.10-0.16 o. 12 0.02 
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s. Potassium content of yard waste composts. 

!~~?. Potassium 

i~:i 
S:.Ce Year R.an~~:e Mean Standard Deviation 

% --
i;;i 1984 0.07-0.19 0.16 0.03 
r:t{ 1985 0.19-0.97 0.41 0.19 
J:'" 
··::·~ 

j:j:t. B 1984 0.08-0.28 0.13 o.os ·1',4 

'"' 1985 0.23-0.59 0.41 0.09 !~~~~ 
j~::~ 
!';~ c 1984 0.09-0.20 o. 14 0.03 

1985 0.16-0.71 0.47 o. 14 

D 1984 0.1.3-0. 27 0. I 7 o.os 
1985 0.35-2.71 0.88 0.66 

E 1984 0.08-0.15 0. 10 0.02 
1984 * 0.17-0.23 o. 21 0.02 
1985 0.19-0.52 0.31 0.08 

F 1984 0.07-0.73 0.23 0.16 
1985 0.29-1.82 0.61 0.30 

G 1984 0.09-0.21 o. 12 0.04 
1985 0.39-0.69 0.52 0.08 

H 1984 0.15-0.27 0.20 0.04 
1985 o. 58-1.42 o.8i 0.30 

I 1984 0.06-0.36 o. 15 0. 11 
1985 o. 11-0. 23 0. 18 0.07 

J 1984 
1985 0.04-0.14 0.06 0.02 

K 1984 
1985 0.17-0.31 o. 21 o. 04 



Table 6. Calcium content of yard waste composts •. 

Calcium 
Site Year Ran fie Mean Standard Deviation 

% ---
A 1984 2. 71-4.08 3.26 0.49 

1985 2.46-5.55 4.09 0.96 

B 1984 0.94-2.36 1.82 0.39 
1985 1.05-2.69 1.81 0.45 

c 1984 2.5i-6.69 4.22 0.99 
1985 2.99-5.22 4.51 0.60 

D 1984 2.77-4.73 3.48 0.53 
1985 1.95-5.31 3.05 1. 09 

E 1984 3.62-4.44 4.07 0.21 
1984* 2.13-3.44 2.55 0.34 
1985 3.10-4.38 3.85· 0.35 

F 1984 0.38-3.16 1. 36 0.80 
1985 0.89-5.15 3. 13 1. 21 

G 1954 2. 23-8.04 3.65 0.14 
1985 1.84-5.i3 3. 13 1. 03 

H 1984 0.70-3.05 1. 67 0.52 
1985 1.84-5.73 3. l3 0.61 

I 1984 1.54-3.43 2.18 0.43 
1985 1.84-3.37 2.60 0.44 

J 1984 
1985 2. 44-.3. 32 3.02 0.25 

K 1984 
1985 2.28-3.51 2.76 0.37 



Table 7. ~tagnesium content of yard waste composts. 

Ma~~:nesium ·-----Site Year Ran!:Ie Mean Standard Deviation· 
-- % 

A 1984 0.39-0.85 0.54 0.13. 
!985 o. 35-o. 70 0.52 0.11 

B 1984 0.18-0.99 0.37 0.21 
1985 0.20-0.36 0.26 0.04 

c 1984 o. 55-l. 23 0.85 0.25 
1985 o. 61-1.01 0.80 0.12 

D 1984 0.39-0.57 0.47 0.05 
1985 0.34-0.54 0.42 0.05 

E 1984 0.89-1.34 1. 16 0.15 
1984* 0.49-1.05 0.65 0.16 
1985 o. 75-1.06 0.88 0.09 

F 1984 0.09-0.46 0.20 0.09 
1985 0.21-0.65 O • .:.i. O.ll 

G 1984 0.30-0.55 0.42 0.06 
1985 0.27-0.45 0.39 0.06 

H 1984 0.14-0.34 0.26 0.05 
1 985 0.17-0.48 0.33 0.09 

.I 1984 0.31-0.90 0.61 0.20 
1985 0.38-0.68 0.46 o.os 

J 1984 
1985 o. 59-1.11 0.52 0.13 

K 1984 
1985 0.41-0.61 0.49 0.06 



Table 8. Iron content of yard waste composts. 

Iron 
Site Year-"'-···· Ransze Mean Standard Deviation -- - mg/kg 

A 1964 1651-3071 2296 542 
1985 913-2409 1623 570 

B 1964 1857-2749 2357 262 
1985 1835-2828 2042 343 .. 

c 1984 1883-5048 3332 710 
1985 2271-3178 2667 259 

D 1964 2035-3921 3130 656 
1985 1112-3370 2523 724 

E 1984 2744-3642 3058 245 
1984 * 2928-4401 3848 345 
1985 1971-2922 2452 269 

F 1984 1687.-2406 2005 212 
1985 589-2484 1327 621 

G 1984 2303-3089 2643 238 
1985 2659-3717 2886 283 

H 1984 2275-3655 2798 364 
1985 1958-3092 2673 316 

I 1984 
1985 1601-2096 1853 . 158 

J 1984 
1985 2092-3718 3186 424 

K 1984 
1985 2233-2601 2448 113 



Table 9. Aluminum content of yard waste compost. 

Aluminum 
Site Year Ranee Mean Standard Deviation 

---------- mg/ kg --------
1984 88-1555 1206 224 
1985 596-1608 1188 378 

B 1984 1376-1780 1542 130 
1985 1802-2717 2079 221 

c 1984 1230-2427 1880 275 
1985 li75-2314 2038 179 

D 1984 1464-2163 1802 249 
1985 741-2895 2225 620 

E 1984 1003-1324 117 9 100 
1984* 1556-3246 2788 390 
1985 1182-1 i 7 8 1361 199 

F 1984 1199-2135 1684 287 
1985 573-2509 1310 643 

G 1984 1801-2561 2183 21.8 
1985 2533-3088 2820 162 

H 1984 2128-3457 2574 398 
1985 2394-3889 3198 390 

I 1984 818-2302 1413 517 
1985 1380-2295 1862 247 

J 1984 
1985 948-1442 1234 145 

K 1984 
1985 1200-1595 14L.8 121 



Table 10. Sodium content of yard waste composts. 

Sodium 
Site Year· Ran~e Mean Standard Deviation 

- - mg/kg -- ---
1984 52-103 77 15 

.1985 53-139 84 24 

B 1984 57-139 84 24 
1985 70-132 91 18 

c 1984 73-105 92 10 
1985 79-159 128 21 

D 1984 73-153 96 26 
1985 79-164 122 26 

:: 1984 79-149 110 23 
198'-* 65-170 139 29 
1985 133-204 159 23 

F 1981. 36-177 89 45 
1985 38-133 87 27 

G 1984 327-721 4~? 
I~ 110 

1985 298-921 563 196 

H 1984 88-269 143 46 
1985 75-132 100 18 

I 1981. 48-155 82 34 
1985 47-92 61 11 

J 1984 ,__ 

1985 146-426 265 105 

K 1984 
1985 135-253 181. 33 
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~(;lil: !able 11. Manganese content of yard waste composts. 
}t;.li•: 

ntr 
Man2anese 

\~)!r s::.re Year RanEe Mean Standard Deviation 
(j\i ------- mg/kg ---------
'·\~\. 

\!JJ A 1984 320-"646 457 95 
(~~>: 1985 310-736 421 110 ,, ·· .... 
i)-!;r 

B 1984 311-488 410 54 {Z.~\ 
~r;·k 1985 273-570 376 69 

~~.~\ c 1984 302-708 504 88 
1! 1985 348-525 445 49. 

D 1984 314-568 398 66 
1985 162-477 300 84 

E 1984 418-567 476 42 
1984* 385-672 461 72 
1985 384-472 430 26 

F 1984 340-689 435 88 
1985 239-733 397 147 

G 1984 400-1261 583 220 
1985 361-842 573 163 

H 1984 300-633 433 81 
1985 329-748 1.35 105 

I 1984 223-4 51 300 71 
1985 263-425 365 48 

J 1984 
1985 225-460 289 57 

K 1984 
1985 265-380 322 26 
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Table 12. Zinc: content of yard waste composts. 

Zinc: 
Site Year· Range Mean Standard Deviation 

mg/ k.g 

A 1984 51-336 117 70 
1985 39-136 71 29 

B 1984 63-190 114 33 
1985 51-98 68 14 

c 1984 86-141 112 16 
1985 . 62-585 167 139 

D 1984 54-222 119 45 
1985 79-266 131 63 

E 1984 41-59 53 6 
1984* 56-74 66 7 
1985 47-108 67 16 

F 1984 22-203 77 61 
1985 43-148 69 29 

G 1984 41-70 52 7 
1985 45-85 63 11 

H 1984 66-136 101 19 
1985 50-86 58 18 

I 1984 40-189 82 51 
1985 45-142 82 26 

J 1984 
1985 88-215 132 40 

K 1984 
1·985 48-68 57 5 
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Ji,.;~_:\ Table 13. cOpper content of yard waste composts. 
it.'); 

it.c~~\. 

lt,f.t! CoEEer 

!~::~ .. 
Site Year Ramre Mean Standard Deviation 

lnt( ---- . mg/kg - -. 
·\:.~ 

1984 7-95 17 23 1.\,t~.l 
rc;.~!: 1985 6-12 9 2 
'1.·~-

i)i!I B 1984 6-25 10 5 
q~~~- 1985 6-14 8 2 
i !·~\:\ 

((~~:~: c 1984 6-62 14 14 
1985 i-27 12 5 

II 
D 1984 10-31 15 5 

1985 11-19 14 2 

E 1984 6-9 8 1 
1984* 5-11 9 1 
1985 5-21 11 4 

F 1984 3-16 8 4 
1985 6-12 8 2 

G 1984 5-14 9 3 
1985 i-12 9 2 

H 1984 5-16 8 3 
1985 6-10 8 1 

I 1984 6-18 9 3 
1985 5-11 8 2 

J 1984 
1985 14-22 18 3 

K 1984 
1985 i-143 18 35 
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!able 15. ~ickel content of yard waste composts. 

Nickel 
Site Year Ran2e Mean Standard Deviation 

mg/kg 

A 1984 6.9-33.3 14.4 8. l 
1985 2.5-5.4 4.3 0.9 

B 1984 9.2-18.9 11.4 2.5 
1985 2.9-4.4 3.5 0.5 

c 1984 7.9-18.0 14.8 3.2 
1985 4.6-6.4 5.8 0.5 

D 1984 4.4-19.8 13. 2 4.4 
1985 2.8-5.7 4.5 0.9 

E 1984 5.1-7.1 6. 2. 0.8 
1984 * 5.3-6.5 6.9 0.8 
1985 4.8-7.5 5.9 0.7 

F 1984 4.5-37.1 8.6 7.3 
1985 1.7-5.3 3.5 1.2 

H 1984 4.6-7.5 6. 1 0.7 
1985 4.4-6.7 5.4 0.8 

I 1984. 4.2-5.8 5.0 0.5 
1985 3.6-5.0 4.3 0.3 

J 1984 
1985 6.2-12.1 8.9 1. 7 

K 1984 
1985 '4.3-5:9 5.2 0.4 
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-'::JL Table 14. Chromium content of yard waste composts. 
f..-"·}1;: 

~·;;-/ 

t,c·t· Chromium 
~7i<: Site Year Range Mean Standard Deviation 

fi: 
mg/kg -.. 

;J'i 
A 1984 5.4-32.4 12.2 8. 3 '•: 

'· 1985 1.7-3.4 2.8 0.5 til 
ii~l; . ' B ,:, 
·:, .. 1984 8.7-21.0 11.3 3.0 

f\,1 1985 2.7-4.4 3.5 0.5 
n· 
(I c 1984 7.2-21.1 14. I 3.6 
~~~ 1985 3.8-5.8 4.9 0.7 

D 198!. 3.2-17.1 II. 6 "·" 1985 I. 7-6. 1 . 4. 3 1. 2 

E 198!. 3.3-5.0 4.0 0.4 
198t.* 4.1.-6.5 5.7 0.6 
1985 3. 7-5.9 !.,9 0.6 

F 1984 2.2-12.0 4.9 3.3 
1985 1.2-5.0 2.5 1. 1 

G 198!. 3. 1-i., 5 ". 1 O.t. 
1985 !..3-7.1 5.4 1. 2 

H 1984 3.7-9.5 4.9 1.7 
1985 3.5-5.4 !..2 0.7 

I 1984 3.1-10.7 4.9 1.8 
1985 2.8-5.7 3.8 0.8 

J 1981. 
1985 !..8-12.7 8.9 2.2 

K 198!. 
1985 !..1-9.1 5.3 1.2 



Table 15. :\ickel content of yard waste composts. 

Nickel - . 
,... :; :-: . · · Standard Deviation ---------- -~ S!te Year RanR:e · ··--·· Mean 

mg/kg 

1984 6.9-33.3 14.4 8.1 
1985 2.5-5.4 4.3 0.9 

B 1984 9.2-18.9 11.4 2.5 
1985 2.9-4.4 3.5 0.5 

c 1984 7.9-18.0 14.8 3.2 
1985 4.6-6.4 5.8 0.5 

D 1984 4.4-19.8 13. 2 4.4 
1985 2.8-5.7 4.5 0.9 

E 1984 5.1-7.1 6. 2. 0.8 
1984 * 5.3-6.5 6.9 0.8 
1985 4.8-7.5 5.9 0.7 

F 1984 4. 5-3 7. 1 8.6 7.3 
1985 ·1.7-5.3 3.5 1.2 

H 1984 4.6-7.5 6. 1 0.7 
1985 4.4-6.7 5.4 0.8 

I 1984 4.2-5.8 5.0 0.5 
1985 3.6-5.0 4.3 0.3 

J 1984 
1985 6.2-12.1 8.9 1. 7 

K 1984 
1985 ·4.3-5.9 5.2 0.4 



table 16. Boron content of yard ~aste composts. 

Site 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

Boron --·- .,...-----~~~::---,---:-~.,..-.,..--···· ···--· -·-· ---·-. 
Year Range Mean Standard Deviation 

__:...~~-· .:~-=--==- -·-- -~ mg/ kg_~:- - ---
----------------~- - ; • ...>: .:: ----·#--~-~----··---

1984 
1985 

1984 
1985 

1984 
1985 

1984 
1985 

1984 
1984 * 
1985 

1984 
1985 

!984 
1985 

1984 
1985 

1984 
1985 

1984 
1985 

1984 
1985 

29-103 
34-103 

14-31 
21-59 

47-111 
42-110 

36-141 
24-111 

25-42 
14-21 
27-61 

7-56 
4!-106 

17-37 
15-38 

6-41 
12-61 

13-35 
22-55 

16-37 

29-47 

67 
69 

25 
39 

70 
82 

73 
53 

33 
18 
44 

24 
60 

22 
25 

24 
2B 

19 
32 

25 

34 

24 
24 

6 
11 

16 
21 

28 
29 

6 
2 
8 

13 
29 

6 
6 

9 
12 

6 
9 

6 

5 



Table 17. Cadmium content of yard waste composts. 

--·-__...-..... -- -- --.--... --•-••• ,-w 

Cadmium -------
S! te Year - · Ran![e- . -· . Mean ... -· Standard Deviation 

- mg/kg-

1984 o. 1-Q. 7 0.4 0.2 
1985 0.1-Q.4 0.3 0.1 

B 1984 0.1-0.7 0.3 0.2 
1985 0.2-0.4 0.4 o. 1 

.... : 

c 1984 0.4-0.8 0.5 0. 1 
1985 0.4-1.4 0.6 0.3 

D 1984 0.2-0.8 0.4 0.2 
1985 0.2-0.8 0.5 0.2 

E 1984 0.4-0.6 0.5 o. 1 
1984 * 0.4-0.9 0.6 0.2 
1985 0.2-0.5 0.3 o. 1 

F 1984 0.2-0.6 0.4 0.2 
1985 <O. 1-0.4 0.2 0. 1 

G 1984 0.2-2.0 0.5 0.4 
1985 0.1-0.4 0.3 o. 1 

H 1984 0.4-0.9 0.6 o. 1 
1985 0.2-0.8 0.4 o. 1 

I 1984 0.3-1.0 0.4 0.2 
1985 0.1-0.4 0.3 o. 1 

J 1984 
1985 0.4-0.8 0.5 o. 1 

K 1984 
1985 O.l-Q.3 0.2 0. 1 
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!able 18. 

Site 

A 

B 

c 

D 

E 

F 

G 

H 

r 

J 

K 

pH of yard waste composts. 

H 
Year Ran~e Mean· Standard Deviation 

·----~-

1984--- 5.2-7~9--- -:7.1 o.8 __ 
1985~ 6.;7.:.8.3·-· --- 8.o·.:_:_···· __ . ___ o.4 ----· ----------- -·--- --------·----- ---
1984 6.9-7.5 7.2 0.2 
1985 7.2-8.0 7.5 0~3 

c • ~ 

1984 7.2-8.3 8.0 0.3 
1985 7.8-8.2 8.0 o. 1 

1984 7. 8-8. 1 8.0 0.1 
1985 7. 7-8. 5 8.0 0.2 

1984 7.7-7.9 7.8 o. 1 
1984 * 7.4-7.9 7.6 0.1 
1985 8.0-8.5 8.2 0.2 

1984 6.8-7.9 7.4 0.4 
1985 1...5-8.5 7.6 o. 1 

1984 7.6-7.9 7.7 o. 1 
1985 7.5-8.2 7.9 0.2 

1984 7.2-7.8 7.6 0.2 
1985 6.9-8.2 7.6 0.4 

1984 6.6-7.8 7.4 0.4 
1985 7.6-8.3 8.0 0.2 

1984 
1985 7.2-8.1 7.8 0~2 

1984 
1985 8.o-8~6 8.3 0.1 



,, 

·" 

Table 19. . Electricd conductivity-of yard· waste· composts~ 

Electrical Conductivitv. 
Site Year Ran~~:e Mean Standard Deviation 

mmhos/ em ----
A 1984 o:8-2.5 1. 3 0.5 

1985 0.8-2.7 1.5 0.6 
r._ .. 

B 1984 0.6-1.2 0.8 0.2 
1985 1.1-2.6 2. 1 0.6 

c 1984 0.9-1.9 1. 4 0.3 
1985 1.4-2.9 2.3 0.4 

D 1984 1.0-2.8 1.7 0.5 
1985 1. 8-5. 3' 3.4 1.0 

E 1984 0.6-1.0 0.8 0. 1 
1984 * o. 7-3. 1 2.3 0.7 
1985 0.9-2.3 1.4 0.3 

F 1984 0.5-10.6 2.4 2.7 
1985 1.4-5.8 3. 1 1. 5 

G 1984 1.1-2.1 1. 5 0.3 
1985 1.9-3.0 2.5 0.3 

H 1984 1.0-3.8 1. 7 0.8 
1985 2.1-5.6 3.6 1. 1 

I 1984 0.4-4.1 1. 3 1. 3 " 

1985 0.5-1.2 0.8 0.2 

J 1984 
1985 0.3-0.6 0.4 0.1 

K 1984 
1985 0.9-1.5 1 • 1 0.2 
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COMPOS! COMPOSITION AND N-MINERALlZA!ION 

!~creased in~eres~ in ~he produc~ion of municipal solid was~e compos~s and 
co-compos~s as an al~ernative ~o landfilling solid was~e has led ~o a need for 
a core accurate me~hod of evalua~ing qualiey. Compos~ qualiey evalua~ion will 
assist in defining uses, ~s~ablishing values and developing poten~ial marke~s. 

'Land spreading of .compos~s will not only reduce ~he demand for landfills, 
.bu~ also may be-beneficial for plan~ gro~h as a soil amendmen~ and 
:ertilizer. Applica~ion of compos~ ~o soil can affec~ soil physical and 
chemical proper~ies, as well as grea~ly influencing ni~rogen (N) availabili~y 
or immobiliza~ion. Charac~eriza~ion of compos~s by ~heir abiliey ~o supply N 
:o plan:s is important in de~ermining compos~ qualiey. 

~i:rogen released during incubation experimen~s has been correlated to 
pla~t grow:h and yields (Deans et al., 1984). Increasing ~he level of N 
~ineraliza~ion increases the abiliey of plants ~o ~ake up N from ~he soil. 
D~::erent composts may have. different N release patterns, which can influence 
:heir use, and.in turn, provide information for developing a better product. 

Tne objec~ives of this study were: (l) to determine compost and 
co-compost quality by chemical analysis; (2) to characterize the N release 
pa::::erns for several compost materials; (3) to suggest cri::eria for mature 
compost:s. 

MATERIALS AND METHODS 
!1ate .. -ials 

Compos:s and co-compos:s (refuse, leaves, and animal manure representing a 
varie::y of ma::erials and.methods of.production) included in the chemical 
characteriza:ion and incubation studies were collected from several ~innesota, 
~.S., and foreign sources. They were air-dried and stored in plastic bags. 
!o ~ns~re unifo~ity, the compost materials were ground in a pulverizer to 
pass a 5-mm screen. Stones, plastics and other materials larger than 5 mm 
~ere rejected. A subsample of the <5-mm fraction was ballmilled for chemical 
c..:--.alys:.s. 

Me t:hods 

Total N and C were det:ermined by a semi-micro Kjeldahl procedure (Bremner 
and ~~lva~ey, 1982) and Leco CR-12 carbon determinat:or, respectively. Compost 
~H and electrical conductivi~ (EC) were measured on a 1:5 compost:water 
s~spe~sion. Analyses of phosphorus, cations and trace metals were det:ermined 
:,y ~::-.d~ctively coupled plasma (ICP) spectrometry. Results of chemical 
analyses are presented in Tables l through 7. 

!ncubation Expe~imen~s 

~-~eek !::-c~~a:ion. A short-term incubation experiment modified from the 
technique of Hadas et al. (1986) was started as a preliminary study to 
e•Jal~ate col:lpos:: quality as a function of the method and ~e of material 
'.!Sed. Cor.:posts used were: Eden Prairie 1984, a leaf compost (Table 1); St. 
':lo•.!:! l?£5. (7able l), Dela..,a:::-e (!able l), and Lodi l9E5 (Table 3) co-compos::s; 
a::-.d 7':-.ie: Ri·Jer Falls 1985 (Table 1) municipal re:~se that was not composted. 

·-....... 

' '· 



:::.·.A- Hubbard sandy loam soil-, after· air-drying and screening through a 2-mm 
sieve, Yas mixed in the ratio of l~part compost (5 g) to 5 parts soil (25 g) 
and placed in glass jars. Nitrogen Yas applied at the rate of 10 ~g 

. (!-."H4 ) 2so4 -N;g of mix and· wat·e~ vas added to bring the mix to ne~r field 
0 capacity. The• jars were>the~ covered_with plastic film and put ~nto a 35 C 

incubator maintained at 99,:relative-humidity. Four replicates of each 
treatment Yere included in the study. 

lnorganic-N- was· measured' by_ extracting the whole 30 g of the soil mix' Yith 
_300. mL of. 1!1 KCl· and .. anal~ing' the· extract 011 a, Technicon Autoanalyzer II for 
~"H4 -~;:;(phenol) and'. (N02 +'NO~) :N" (Cu/Cd) 

20-~eek Incubation. A long-term-incUbation experiment using a static 
~ac~nique suggested by Clay (1987), included 11 compost materials. The 
cooposts and co-composts ~~sed were: Eden Prairie 1985, St. Cloud 1986, and 
Thi.~f River Falls 1986 (Table 1); Holden horticultural grade 1984B (Table 2); 
Lodi July 1985, September 1985, December 1985, and March 1986 (Table 3); 
Delaware (Table 4); Sweden (Falkenberg) 1985 (Table 5); and Switzerland (Ndzl) 
(Table 6). Moist compost samples Yere air-dried and ground in a pulverizer 
to pass a 5-mm screen. Residues larger than 5 mm that could not be ground 
were removed. Acid-washed sand (0.5 to 0.8 mm) was mixed dry with 50 g of 
compost in a ratio of 1 part compost to 5 parts quartz. This mixture 
represented a ratio of 1:1 by volume. The compost-sand mix was poured into 15 
x 45 em (flat) plastic bags. ~ater was added to bring the mix to field 
capacity (0.1 bar). The bags were placed in an incubator and maintained at 
constant temperature (35°C) for 140 days·. water was added at periodic 
in~ervals to keep the moisture content near field capacity. Samples were 
reooved from the bags at 7, 14, 35, 56, 77, 98, 119, and 140 days and analyzed 
for inorganic-N. Four replicates of each treatment were included in'the 
study. 

!norganic-N was determined for the compost mixes by extraction with ltl KCl 
(1:10 ratio) and analyzed on a Technicon Autoanalyzer II for ~"H4 -N 
(salicyla~e/nitroprusside) and (N0 2 + N0 3)-N (Cu/Cd). 

A comparison incubation study Yas also started at the same time involving 
t~e s~e compost treatments, but using the leaching method as described by 
Stanford and Smith (1972). Results of this study Yill be presented in a later 
repo~t. 

RESULTS AND DISCUSSION 
Chemical Analvsis 

The co~pos1t1on of 35 co~posts from Minnesota, the U.S., Canada, and 
~lorthern Europe were analyzed and the results are shoYD in Tables 1 through 7. 
Ecen Prairie 1984, a leaf compost (Tabl~ 1) shoYed the lowest values for C, N, 
? , K, S iind ~a of all the .composts tested. This result may be due to a larger 
amo~nt of sand and soil included with the compost during turning and mixing. 

Holden Farms (7able 2) composts had the highest values of P and K, and the 
agricultural grade had the-highest total N. The characteristics of the Holden 
s~ples were probably due·to the turkey manure as the main component. 

Loci composts (Table 3) in -general had high metal contents, particularly 
Z:-•. Cu, ?b, and Cd. Loci ·cDecell:ber 1985 and March 1986) composts had 5 to 18 



times :he ~inneso:a Pollution Control Agency (H. P_. C.A.) solid waste maximum 
concentration limits for those trace metals. 

Delaware compos: (Table 4)_ had very high C contents, probably due· to its 
short compos:ing time and immaturity. Levels of Zn were high, and Pb and Ni 
10er~ both ·above the limits set by: the H.P.C.A.· rules. 

The S~eden and Denmark composts (Table 5) tended to have higher metal 
contents :han :heir U.S.- counterparts. Concentration of Zn was above the 
limit in~ all 'except tl:le' Falkenberg 1986 couq)ost. ,_Schaffhausen green· (Table 6) 
·· .. as above limits for both zn· and Cu. - All composts in Table .7. were above -
limits for Pb, however, Leeds composi::. was·- low in K. .Other elements were about 
average for municipal solid waste co-composts 

Tne pH ranged.from 6.0 to 8.2 in all composts tested, with most in the 
range of 7.0 to 8.0. The EC for the composts had a range from 0.9 to 8.2 
cs;m. Highest values were in :he Holden Farms composts. 

4-Week Tncuba~ion Expe;irnent 

The net N mineralized in :his incubation experiment from 5 composts and 
compost-soil mixes is presented in Table 8. Highest negative net N 
~ineralization was seen in the_ Delaware compost. This immobilization could be 
the result of its short composting time and its bigh C content (Table 4). 
Positive N mineralization did not occur during the four-week incubation time 
for this compost. High levels of NH4 -N were present in the extracted 
samples, with little N in the· form of N03"N. 

For the Thief River Falls material, other :han periods of small amounts of 
~loss and gain, no N0 3 -N release pattern could be determined. This result 
•as probably due to the immature nature of the_compost. Like Dela10are, N was 
in the form of ~n4 -N. 

Tne St. Cloud compost showed 
follo~ed by a period of positive 
:::ay be explained by a reduc:.ion 
~~~e=al:za~ion o: biomass N. 

a period of negative net N mineralization 
net N mineralization. Tnis t)~e of pattern 
in available C, followed by a period of 

Both Eden Prairie and Lodi composts showed periods of increasing positive 
net N mineralization. These patterns are usually associated with mature 
compost materials. 

The results of this preliminary study suggest that posltlVe net N 
~ineralization occurs in composts when the C:N ratio is in the range of 20 to 
25. ~ature composts with lower C:N ratios are more productive in terms of 
supplying N03-N. Immature composts tend to liberate more NH4 -N and 
exhibit negative net N mineralization values. 

?~aunts of net N mineralized (NH4 + N03 ) during successive incubation 
:~te~:als for the 20-10eek incubation study are given in Table 9. These data 
:-.a·;e ":leen. calculated on a per gram of co::::post basis, rather than on a -per gram 
of compost + sand mix. Relatively large amounts of N were released from the 
::o · co:::pos ts -.;hen- compared to the leaf and yard 10aste· composts. Tnese high 



values· of mineralized N may have been the result of addition of N as sewage 
sludge.and manure in production of the co-composts. Holde~ horticultural 
compost, at the end of 20-weeks incubation yielded about 2500 ~g N/g 
compost, compared to about 450 ~g N/g for the Eden Prairie leaf compost. 
These··~- values are quite significant when compared with the 120 ~g N/g· soil 
::liner~lized from a high fertility Yaukegan silt loam (Deans et al., 1983). 
High values of N.were found in the initial sampling dates for both Lodi July 
and September- composts~·-~ These high·· levels were· maintained for the duration of 
the. study~: Both Lodi March and December co-composts; started with low Nand· 
increased to about 2000. and 900 ~Jg N/g comp~st; respecti::-rely. 

from the graphs·of net N mineralization (toiai N minus iniiial 
!.non:anic-N) four type.; of patterns: of N transformations were·· observed that 
can be di.vided into dist:inct phases (Fig. 1 through 4). 

T:~e I: pattern was characterized by a single phase of positive net N 
~ineral!.zation for the entire 20-week incubation period. An initial period o: 
; weeks of rapid mineralization was followed by about 15 weeks of slower 
~0 3 -N accumulation. This pattern was found with St. Cloud 1986 (fig. 1), 
Lodi December 1985 (Fig. 2), Switzerland and Eden Prairie 1985 composts. The 
mineralization pattern observed with this type of compost was similar to those 
observed on soil alone (Hadas et al., 1986). Compost of this type releases 
inorganic-N slowly at a relatively constant rate over time. This :act is 
i~portant in the consideration of the compost suitability for plant growth. 

T;ye II: pattern was characterized by two-phase configuration. In the 
first phase of up to 2 weeks, there is negative net N mineralization, followed 
by a second phase of the balance of 20 weeks of positive net N - · 
mineralization. This pattern can be seen with Lodi March 1986 (fig. 2), 
Sweden (Fig. 3), Thief River Falls, and Holden horticultural grade composts. 
T~e first phase may be the result of the presence of uncomposted material, 
which may be caused by mechanical disturbance and/or differential drying. 
Lncomposted material may contain readily-available C, which in turn may have 
caused an i.ncrease in microbial biomass, resulting in a negative net N 
~:.neral!.zation. As the C source is depleted, the microbial biomass is 
decreased, ~ith an increased net N mineralization. 

Ty?e III: pattern was characterized by a three-phase con::iguration. In 
the first phase there is a 1- to 2-week period of positive net N 
mineralization, followed by a second 1-week phase of negative net N 
mineralization. ·The :inal phase is a long period of positive net N 
mi.nerali.zation for the balance o:: the experiment. This pattern was found in 
:~e Lodi July 1985 and September 1985 composts (fig. 2). This pattern of 
positive, ::allowed by negative ne~ N mineralization, may be the result o:: 
di:::erent C sources being made available to the microbes during ~his period. 

TJ?e IV: pattern was characterized by a ~hree-phase configuration. In 
the first phase, lasting up to 5 weeks, there is negative net N 
~ineral:zation, :ollowed by a long phase of 6 weeks vhere net N mineralization 
~as near zero. In the final phase of 9 w~eks, there is an increase in 
?Csi:!.ve net~ mine:-aliza~ion .. This pattern, similar to bu.t·more ext::-eme than 
"T::pe II, "'as observed for the Delaware c:;ompost (fig.· 4). This t)~e of_ pa:~e= 
~s ir.d!.ca:i.ve of an immature compos~. The initial negative ne~ N 
:::~ne ral i::a :~on p_robably is ~~e result o:: high a C: N ratio mix at compost 
~r.:.~:at:on. The inte~ediace phase of low inorganic-N may be t~e result o: 



lowering ~he C:N ratio of the substrate close to the 20/30 break-even point. 
Positive net ~ mineralization starts when the C:N ratio drops further to allow 
~03-N to accumulate. 

The· results of_ the 20-'~eek incubation study suggest that mature composts. 
cari reduce the N fertilizer needs of a crop •... _ For example, Holden 
horticultural compos-t could supply up tn. 50 kg Njha if applied at a rate of 20 
~1gjha.~- The. lowest· N~ produc:i.ng composts were. Thief River Falls· and Eden 
Prairie ·which, if applied at_ the same rate., could contribute only from 6 to 10 
kg· N/ha." respectively.:~ Four N relea~ patterns were observed:. cype I~
indicates a stable·;· mature compost· in which N is slowly and continuously 
mineralized; cypes II and III,~ .represent .. N. release. patterns indicating. 
somewhat immature composts With initial rapid immobilization or~ 

: minerali·~-ati.on·, respec~ively.; -~~d cype IV, initially shows strong 
i~obili=ation associated with an immature compost. The N that is i~~obili=ed 
during incubation of this compost, however, could be released at a later date. 
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:able 1. Composi~ion of municipal compos~ and co-compos~s from Minneso~a. 

C!-larac-.:eris~ic £pt srcl 

l984 l2~~ 12e~ 1986 l9~~ l986 

------------------------~----,·-------~----.------~--------

c 11.0 24.4 30.1 18.9 13.7 15.4 
~ 0.66 1.09 1.14 1.36 ·o;9o 0.90 
c;~ll' 16.7 22.4. 26.4 13.9 15.2 17.1 

? 0.10' 0.18 0.30 o·. 39 0.29 0.26 
., 0.14 0.40 0.82 0.98 0.26 0.18 ~ 

s 0.09 0.20 0.63 0.67 1. OS 0.46 

Ca 3.70 4.77 6. 77 6.33 3.45 4.58 
:·t g; 0.99 l. 29 0.23 0.39 0.39 l. 02 
, . .• a 0.01 0.02 0.49 0.56 0.59 0.16 
Fe 0.34 . 0.41 0.74 1.13 0.53 0.63 
A1 0.13 0.17 l. 08 1.1.4 0.49 0.56 

··-···---~-------------mg/kg-----------·--··············--

Zn 55 101 436 699 361. 796 
Cu 12 27 106 341 280 386 
?b 1.4 47 130 310 138 642 
:~:1. 471 696 222 466 261 548 

C:- 35 6 60 56 19 24 
~; i 35 9 27 31. 11 30 
:s 30 62 46 79 43 32 
Cd <1 <1 2 4 3 4 

~'"' ... 7.7 7.2 6.0 7.4 7.7 7.5 
~C(C.S/:::~) 0.9 l.S 5.5 3.7 6.7 6.2 

Yare·~· as -.:e (leaves from Eden Prairie). 

• - :1unicipal solid was~e and sep-.:age and/or chicken manure from s~. Cloud. 

§ ~unicipal solid waste wi-.:h refuse de:-ived fuel removed, from Thief River - 1 1 : a __ s. 

'! Ratio calcula-.:e·d by dividing tocal~C by co-.:al-N. 



: .. :r. 

Table 2. Cornposi~ion of compos~s!_from Holden Farms, MN. --· ---·---

Charac~eris~ic · 

p 

K 
s 

Ca 
~!g 

~a 

Fe 
A1 

Zn 
Cu 
Pb 
!1n 

Cr 
:-ii 
!! 
Cd 

pH 
E:C(C.S/m) 

• I '!urkey 

• 
manure and 

- Di!feren~ ba~ches 

. 1 
· Agricul~u;-al · ------- Horticultural · 
1985 1986 · · · · · 1984-A 1984-B 1984-C 

------·····················'·····----------------~-------
28.7 23.0 19".1 20.3 11.7 
3.65. v 2.62 1.93 1.88 0.94 
7.86 8.78 9.90 10.8 12.4 

3.52 2.70 2.46 2.33 1. 28 
3.32 3.46 2.41 1.41 1.18 
0.91 0.63 0.58 0.44 0.26 

5.23 3.95 5.42 5.04 5.31 
1. 01 0.96 1.12 1.13 1.47 
0.65 0.36 0.39 0.28 0.22 
0.15 0.42 0.34 0.31 0.27 
0.13 0. 35 0.29 0.21 0.25 

- - - - •••••• - - - - - - •• - - - - - - mgfkg-- - - - - - - - - - • - - • - - - - - - • - - - - - -

495 765 358 436 765 
115 224 104 87 224 

<9 17 <9 11 17 
587 802 641 756 463 

8 11 23 8 11 
9 19 24 13 19 

55 75 47 39 75 
<1 <1 1 <1 <1 

6.9 7.0 7.9 6.4 6.1 
9.2 15.4 6.7 10.0 11.0 

bedding. 

of compos~. 

§ Ra::io calcula::ed by dividing ::o::al-C by ::o~al-N. 



:~ble 3. Composition of municipal co-composts from Lodi, VI . 

.:::aracteristic Compos-(te t-Juiy.t·- September t-----0--;ce~bert-March f. ---------
1985 1985 1985- 1985 1986 

.. -. -----. ; -:.·:: .. : .... -.. -:.:..:.:..:.~- ~ -_:..:..:.:.:..:.:.' --~-- ~-- .. _ --~ .. -:-- ...... -- .. -:. ........ ---- . 
--'-- . ; - . -. - .. ------··-----· . - . - - - -

20.8 20.4 18.9 18.3 
1.63 ~- L60 1.38 1.41 

12.8 12.8 13.7 13.0 

c :. : ~.-.-.-.- . -:23:0 .... ~ .. 
~ ·-- ·: 1.62 
-c,;~§._ : 14. 2 

0.41 :> 0.45 -. .. . 0.45 0.49 0.42 
·i--7---
"" 0.56 0.54 .0. 69 0.84 0. 65 
s·:.-: 0.61 6. 56 0.68 0.60 0.44 

:a 3.82 3.35 3.39 4.43 4.45 
0.45 0.49 0.43 0.66 •.f- 0.50 •• !> 

::a 0.52 0.58 0.55 0 .. 66 0.46 
?e 0. 71 1. 03 1. OS 1. 36 1.48 
.:..l 1. 83 2.05 1.70 2.08 1.72 

------------------------mg/kg-------------------------

2:1 989 1100 953 5370 18200 
Cu 267 419 242 213 536 
?:::> 660 548 492 1080 299 
:-~:1. 623 836 753 967 1020 

1"- 74 55 so 59 39 ,. : 28 29 34 28 24 -·-
3 66 60 79 64 62 
Cd 8 6 6 6 7 

:;:! 7.4 7.4 7.6 8.1 7.9 
':I" (C.S/m) 4.6 8.3 8.6 7.2 5.9 -~ 

~ur-.ic ipal solid ;:as te and se;:age sludge. 

- ~u:1icipal solid ;:aste and urea. 

• ~a=io·calculated by dividing total-C by total-N. 
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Table 1 . .-.:.: Composition of municipal co-composts from the U.S. 

Charact:eristic ---·---·· Delaware T 

c 
N 
c;"'l' 

p 
K 
s 

Ca 
:1g 
Ka 
Fe 
Al 

34.9 
1.55 

21.8 

0.54 
0.22 
0. 71 

l. 73 
0.2"-
0.27 
0.47 
0.98 

t Texas-

12.3 
0.84 

15.4 

0. 71 
0.20 
0.26 

l. 20 
0.11 
0.12 
1. 09 
0.73 

Oregon§ 

31.7 
2.07 

15.1 

0.41 
l.4B 
0.27 

2.62 
0.29 
0.26 
0.53 
0.1..4 

-------------------mg/kg------------------

Zn 
Cu 
Pb 
~1:1 

C:
~i 

B 
Cd 

?H 
EC(C.Sjm) 

" 

802 
208 
573 
369 

185 
197 

1..0 
5 

7.4 
6.7 

502 152 
101.. 31 
185 91 
218 228 

69 11.. 
15 7 
12 37 

6 1 

7.1 9.0 
1.9 1.3 

' ~u~ici?al solid ~aste with :-efuse derived fuel removed and se~age slucge 
:rom ~ilmington. 

~unic:?al solid waste and sewage sludge from Gladewater. 

§ Household and yard waste from Portland. 

'l' Ratio calculat•d by dividing ~otal~C by total-N. 



:able S. Composition of municipal co-composts from Sweden and Denmark. 

-- Falkenberg·-- - Borlange§ Frederikssund"i 

l985t · l986i 2 mo. 6 mo. 12 mo '--
Characteristic--------------------------------- ---- --

~~--~----~~---··················%····························· 
c 31.1 23.6 21.1 29.6 21.2 20.9 
~ 2.06 2.31 l. 74 1.43 1.60 l. 75 
C/~ 14.8 10.3 12.4 21.1 13.2 11.6 

..! • '..: 

p 0.48 0.27 0.70 0.45 0.48 0.53 
K 0. 94 0. 74 0.44 0.32 0.38 0.73 
s 0.55 0.31 0.52 0.38 0.45 0.63 

Ca 3.63 2.13 2.81 2.44 3.08 3.49 
~!g 0.29 0.20 0.22 0.19 0.27 0.33 
:\a 0.64 0.33 0.38 0.30 0.47 0.74 
?e 0.65 0.48 1. 61 0.70 0.69 0.86 
Al 1. 05 0.53 1.51 0.88 0.96 1. 37 

·············-···--·-·········mg/~g-···-··········------------

Zn 1370 317 2420 1140 1250 1410 
Cu 293 54 985 202 288 394 
?b 554 109 1620 1250 578 423 
:~:L 550 286 1370 440 638 980 

C:: 93 28 56 57 53 139 , .. 
.•l 51 16 68 42 51 80 
B 43 26 47 30 38 59 
Cd 3 1 8 2 4 3 

pi-l 7.3 7.6 7.2 6.2 7.2 6.8 
EC ( C.S /m) 8.1 6.3 5.8 8.5 9.9 8.0 

7 ~unicipal solid waste with refuse derived fuel removed and sewage sludge. 

• ~net/d~ separation process. Same as 1985, but wet material only. 

§ Solid waste and sewage sludge. 

~ Composted at different lengths.of time. 

= Ratio calculated by dividing total-C by total-N. 

r 
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:able 6. Composition of. municipal co-composts from Switzerland . 

Nd:lt Kruchtal Schaf;hausen 
Characteristic· rough§ fine, green§ rough, 

··························%·································· 
c 20.5 18.4 20.4 20.7 19.3 21.3 
:<. 2.53 1. 7:> 1. 62 1.60 1. 38 1.60 
C/N"' 8.10 10.6 12.8 12.8 14.0 13.3 

p 0.34 0.26 0.25 0.32 0.69 0.56 
K 1. 08 0. 91 0.65 0.66 0.49 0.62 
5 0.18 0.29 0.27 0.27 0.39 0.34 

Ca 4.20 5.87 3.53 3.53 5.81 5.16 
:·!g 0.41 .o 0 91 0.51 0.46 0.42 0.37 
, . .• a 0.08 0.07 0.19 0.25 0.28 0.23 
:e 0.52 0.59 0.68 0.49 1.16 0.99 
Al 0.52 0.49 1.12 0.91 1.12 0.52 

.........•.....••.•....... mgjkg .........•...............•..... 

2:1 170 330 646 747 1430 522 
Cu 30 66 90 115 1090 126 ,. 
• ::> 55 180 286 377 395 237 
:t:-t 355 465 662 502 523 420 

Cr 14 33 36 37 58 46 , .. 
·' l 10 32 24 23 20 18 
3 23 36 32 30 50 42 
Cd 1 1 2 3 2 2 

?!-l 7.8 8.2 8.1 7.7 7.8 7.3 
::c(cS/rn) 4.9 3.5 3.2 4.8 5.2 5.0 

Source separated organic garden and household waste. From Niederuzwil. 

• Household and yard waste. 

§ ~unicipal solid waste. 

fj Yard · .. :as :e. 

"' ?-atio calculated by dividing total-C by total-N. 
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:able 7. Composi~ion of municipal co-compos~s from Europe and Canada. 

Charac~eris~ic Leeds f Dusslingen! Toron~o§ 

--------· ·-------------------------'is-----------------------. ----.---..,-' ------. --... . - ----.--- ~-- .-. .. . . .. .. . . . . . . - ... - . . . 

c ,. r r. 
' • ..1-

p < ~ . ·•· 

K _sc-:.r! 
5 . ~L. ~· 

Ca 
v-. ·e. 
::a 
Fe 
Al 

18.8 
1.24 

15.7 

0.62 
0.15" 
0.46 

3. 72 
0.26 
0.89 
1.10 
1.12 

32.1. 24.5 
2.00 1.20 

16.0 0.4 

0.34 0.46 
0.90 0.28 
0. 70 0.54 

4.57 4.31 
0.42 0.47 
0.48 0.57 
0.59 0.58 
1.14 1.77 

----------------·----mg/kg-----~---------------

Z:1 972 708 1060 
Cu 174 134 514 
?b 588 682 770 
~~:1 666 543 490 

C:: 83 39 98 
, . .: 43 21 53 ·' ... 
E 43 58 60 
Cd 4 1 8 

~..., 7.3 7.5 7,8 :"·· 

EC(C:S/m) 1.7 7.9 3.7 

.. 
' !1·~:-.ici?al solid ...-aste and se...-age sludge from ::ngland . 

.. 
- ~u:1ici?al solid ".laste ;;ith recyclables removed and se...-age sludge from Ge~any 

§ ~unici?al solid ;;aste vith refuse-derived fuel removed and sevage sludge_ from 
Ca:-.aC.a. 

~ Ratio calculated by dividing to~al-C by total-N. 



!aple 8 ·-:·: Total net nitrogen mineralized during· four weeks of incubation. 

__ Days--------
Con:post 

-~- ----------------7 __________ 14 :-;--·---21 28 

--------------------~g N/g---------------- ---
..... ' ,:,. 0-

Lodi-- 449 829 .768 1063 
+ Soil 122 200 239 291 

Dela.,a::-e 5 -1607 -1245 -622 
+ Soil -275 -288 -290 -290 

Eden ?::-ai:-ie 86 25 118 141 
+ Soil -1 -7 -3 11 

Thief River Falls -319 30 -66 -146 
+ Soil -7 31 -6 -12 

s::. Cloud -l<'tl -120 1 29 
+ Soil -29 -32 -28 -38 

Soil only 1 -4 12 26 



!abler~ :.::• !ot:al net: nit:rogen mineralized during·20 weeks of incubat:ion. 

Compost:· Days 

14 35 56- 77 98 . ' 7. 119 140 

---------------~~--~--------~g N/g---------------------~-; •••• 

Eden Prairie -15 -23 106 471 365 457 482 367 

. S:. Cloud .[('ICI 128 ~~ 223 561 625 607 686 739 677 

Thief River Falls -134 -138 -50 144 260 298 287 368 

Ho1c:len Farms -164 606 2310 2360 2500 2140 2610 2460 

Lodi Xarch -393 697 . 797 1000 1150 1070 1490 2130 

Lodi July 911 694 824 1219 613 817 886 461 

Loci Sept: 1670 749 996 1160 958 1210 1330 975 

Loci Dec 88 237 323 596 768 813 887 922 

Dela·,.,are -560 -674 ·-1470 -1530 -1460 -803 172 -253 

SveC.en -i34 -753 -470 -67 203 345 269 810 

s ... ·i-::zerland -4 31 173 320 513 668 649 6:-s 

J 
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Physical Properties of Soil-Compost ~~xtures 

Introduction 

About 16 million hectares of cropland in the United States could benefit 
~easurably from greater depth of soil (USDA, 1967). Included in this 16 
million hectares are capability classes II, III, and IV with limiting 
factors such as shallowness, stoniness, low fertility that is difficult to 
correct, low water holding capacity, and salinity or sodium problems. ' 
Potentially, some of these soils could benefit from the addition of soil 
~aterial rich in organic matter such as compost. 

Objectives 

1. To deter~ine the physical aspects of soil-compost mixtures which 
include: 

a) mechanical properties i.e., bulk density 

b) thermal properties i.e., thermal conductivity 

c) hydraulic properties i.e •. , hydraulic conductivity and water reten
tion characteristics 

2. To evaluate the effect of compost in alleviating limitation on produc
tive and marginal soils. 

3. To define soil-compost mixtures which provide the optimum soil physical 
enviro=ent for plant gro~h. 

4. To relate physical properties of mixtures to organic matter content in 
order to predict the behavior of other soil-compost mixtures. 

Soils 

Rozet:a silt lo~: a soil prone to crusting which leads to reduced in 
filtration thereby creating more runoff and erosion; reduced seedling 
e~ergence is also a problem. 

- l.'ebster clay loam: a wet soil that has perched water tables in the spring 
and therefore problems of aeration to plant roots. 

-Hubbard sand: is a droughty soil. 

Composts 

Loci coopost: a municipal garbage compost from Lodi, WI. 

- Eden Prairie compost: a leaf compost from Eden Prairie, MN. 

Trea t::len ts 

7he t:-aa:::>ents used in this study 1.1ere 100% soil, 2/3 soil plus 1/3 compost 
(:,y •eight). 1/3 soil plus 2/3 co:::post (by weigh::). and roo: compost. 



:'!;He rials 

Table 1 shows the particle size distributions and organic carbon contents of 
the soils and the composts used in this study. 

Methodology 

The specific physical properties studied include bulk density, parLicle 
density, water retention, saturated hydraulic conductivity, unsaturated 
hydraulic conductivity, thermal conductivity, and wetting angle. 

The methodology used for measuring these properties is as follows: 

Water retention: pressure plate extractors 

Saturated hydraulic conductivity: constant head method 

Unsaturated hydraulic conductivity: one-step outflow and slope of 
the water retention curve 

Thermal conductivity: cylindrical thermal conductivity probe 

wetting· angle: rise in the heights of water and ethyl alcohol (ethanol) 
in soil columns 

Results and Discussion 

Figure l shows a decrease in the bulk density of the soil w1 th the addition 
of compost. The lowest bulk density of the treatments corresponded to the 
bulk density of the composts. The decrease in the bulk density was greater. 
for the Loci compost as compared to the Eden Prairie compost. This was.due 
to the composition of the two composts; the Lodi consisting of a lighter or 
less dense municipal waste material ·and the Eden Prairie having a large 
proportion of stones and material which was picked up along ~~th the leaves. 
TrenC:s in the particle density of soil on addition of compost are similar to 
that of bulk density (Figure 2). 

The water. release curves for the Lodi treatments are shown both by weight and 
by volume in Figures 3 to 8. · The curves on a volume basis for the Rozetta 
and webster treatments show very little difference in the amount of water 
retained at a given suction between the treatments, while the curves on a 
weight basis show a distinct difference between treatments. In other words, 
as the a::Jount of· cocpost in the soil increases the weight of water· that the 
soil can hold at a given suction also increases, but the amount of water 
held per unit volume of soil doesn't change significantly. 

The difference in the water r·cention curves when expressed on a weight or on 
a volu::le basis reflects the ... ifferences in the dens!ty of so.il, compost and 
its mixtures. Since plants extract water from a given volume of soil, 
figures 3 and 5 show very little advantage on the availability of water to 
plants when compost is m!xed in the Webster and Rozetta soils, 

The addition of Lodi compost to Hubbard.sand showed a more pronounced-effect 
on the ~o~ater retention curves. Water retention curves, both on a volume and 
a ;.;eight basis sho1o1 that as the amount of Loci co::~post !ncreases, the amount 
of ~ater held :n Hubbard sand also increases. Tnis reflects a decrease in 
"he ?Ore size distribution of the soil due to the addit!on of smaller compost 



particles in a sandy soil. Although the data is incomplete for the Hubbard
Eden Prairie mixtures (Figures 9-12), similar trends can be seen in the Eden 
Prairie treatments. 

The water retention curves of these treatments also give information on the 
amount of water available to plants (Tables 2 and 3). Water in the soil is 
available to plants between field capacity (-0.1 bar potential) and wilting 
point (-15 bar potential). As expected from previous. discussions, the Lodi 
and Eden Prairie treatments of the Rozetta and Webster soils do not show a 
significant change in the amount of water available to plants. The Hubbard 
soil, however, does show some improvement in water availability. The E-den 
Prairie compost, on the other hand, seems to slightly decrease the amount of 
available water.- This is due to the sandy nature of the Eden Prairie 
compost. 

F~gure 13 shows the saturated hydraulic conductivities (Ksat) for the various 
treatments. For the Lodi compost, Webster soil showed an increased Ksat for 
increasing amounts of compost, while the Rozetta and Hubbard soils showed 
very little change. For the Eden Prairie compost, the soils showed an 
increase in Ksat for increasing amounts of compost. It should be noted that 
there are some unexplainable dips in some of these curves, but even with the 
decrease shown, the Ksat shown is still high enough to handle the heavier 
rain intens~ties that Minnesota receives. 

The unsaturated hydraulic conductivities of the treatments were also studied 
(Figures 14-18). The figures, a plot of unsaturated hydraulic conductivit~ 
vs. volumetric water content, show that for a·given water content, unsaturat
ed hydraulic conductivity decreased with an increase in the amount of 
compost. Because of the differences in the particle and bulk densities 
between different treacments, a comparison of unsaturated conductivity vs. 
no~alized water content will be a better representation of the differences 
in unsaturated water flow due to an addition of compost. Work is currently 
underway to convert the volumetric water contents in figures 14-18 to 
no~alized water contents. 

Measurements of unsaturated hydraulic conductivity are ~portant because it 
dete:::<::ines the rate at which water will be ava':!.lable to plants, and the rate 
of soil drying. We have shown in this study that the amount of water retained 
in a sand increases with an addition of compost. If the unsaturated hydraulic 
conductivity for a given soil or treatment is low, the water ~w-ill be trans
:::itted slowly to the plant roots, even though the water in the soil is 
available for the plant to absorb. The drying of the soil is important in 
~.innesota in the spring. In spring the farmers have to wait for the fields 
to beco:n_e dry enough for them to use heavy equipt:lent to plant. The soil goes 
chrough the drying process by evaporation in which the so!l water is pulled 
upwarcs towards che soil surface. The higher the unsaturaced hydraulic 
conduccivicy, the faster the rate ac which a· so:!.l can c!ry. Low unsat-urated 
hycraulic conductivity soils will cend co remain wee. 

Ther:nal concuctivicy measurements have been completed on two soils ~ith the 
Lodi co:npost. In both the Rozetta and Webster s6ils"the chermal conductivity 
cecreases ~ith increasing amounts of compost (Table 4). This is expected 
because composes, which have a high organic matter concent, are poor conduc
tors of heat. Also, a decrease in bulk density and the subsequent increase in 
?ore space ~~th compost addition makes ~c more cifficult for che heat co be 
t:-ansfer:-ed :hrough che soil syste:::. Reduced cher:nal conduccivity of soil 
?lus co:::?ost mixtures suggests t~~t .soil mixed with compost will not ~arm as 



fast as 100% soil during the early spring and thus a reduction or delay in 
plant emergence may occur. 

The wetting angle was studied in order to determine the hydrophobic charact
eristics of the soils and the treatments with the composts. It was found 
that the Lodi compost was much more hydrophobic than the Eden Prairie compost 
and this difference was reflected in the wetting angles of the mixtures of 
the two composts (Table 5). The hydrophobic. property of the Lodi compost was 
also noticeable ·when water was added to the compost. Water beaded up on the 
surface of the compost and did not immediately penetrate (Photo 1). Photos 
2-4 show that the beading effect decreases as the amount of compost in the 
soil decreases.· The Eden Prairie compost was found to be non-hydrophobic due 
to an increased number of sand particles. The treatments with this compost 
exhibited minimal hydrophobic characteristics. Hydrophobicity could be a 
problem in sloping areas where the 10ater repellency would mean increased 
runoff at least over the short term. Increased runoff could lead to movement 
of compost ~aterial 10ith runoff water on steep slopes. On flatter areas the 
10ater wuld sit on the surface and take time to penetrate. 

Conclusions 

Compost addition influences the physical properties of the soil. However, 
the beneficial effects of compost addition greatly depend upon the type and 
amount of compost and the type of soil used. 

Lodi, being a high organic matter compost, had a greater influence on soil 
physical properties than the Eden Prairie compost. However, the beneficial 
effects such as increased available water and increased drainage were minimal 
for the Rozetta and Webster soils. The Hubbard sand .showed definite improve
cents in the amount of available water, but a considerable amount of compost 
had to be added in order to bring about this change. In general'· unsaturated 
hydraulic conductivity decreased with an addition of cocpost. Low unsaturat
ed hydraulic conductivities can lead to slower drying of soils in :he spring 
and could also decrease the rate at whith water is available to the plant 
roots. Compost, being a poor heat conducting material, reduced the thermal 
conductivity of soil when mixed with compost. Decreased thermal conductivity 
of the compost mixtures can lead to slower warming of soils in the spring and 
reduced crop emergence. Compost high in organic matter showed hydrophobic 
characteris::ics eve:- the short term. Increased hydrophobicity of soil-con:
post mixtures can result in less infiltration and thus increased runoff on 
steep slopes. 



Table 1. Particle'size analysis and organic carbon contents of 
soils and composts used. 

Soil/Coopost 

Rozetta 
(silt loam) 

Webster 
(clay loam) 

Hubbard 
(sane) 

Lodi 
(compost) 

Ed en Prairie 
(compost) 

-----------------------%---------
Sand Silt Clay 

5.8 71.6 22.6 

31.0 34.6 34.4 

88. l 6. 9 5.0 

-----
oc 

1. 3 

3.7 

2.0 

23.0 

11. 0 



Table 2. Available water content of Lodi compost mixtures. 

Water Content By Volume 

Treatment 0.1 bar 15 bar Available Water Content 

----------------Rozetta silt loam---

Soil 0.348 0.137 0.211 

2/3 R, 1/3 L 0.378 0.182 0.196 

1/3 R, 2/3 L 0.418 0.202 0.216 

Compost 0.385 0.179 0.206 

----------------Webster clay loam--------------

Soil 0.451 0.231 0.220 

2/3 w, 1/3 L 0.420 o. 211 0.209 

1/3 w, 2/3 L 0.409 0.209 0.200 

Compost 0.385 0.179 0.206 

-----------------Hubbard sand-----------------

Soil 0.199 0.073 0.126 

2/3 H, 1/3 L 0.300 o.109 0.191 

1/3 R, 2/3 L 0.429 0.208 o. 221 

Compost 0.385 0.179 0.206 



!able 3. Ava!lable water content of Eden Prairie compost 
mixtures. 

Water Content By Volume 

Treatment 0.1 bar. 15 bar Available Water Content 

-------7--------Rozetta silt loam---------------

Soil 0.348 0.13 7 o. 211 

2/3 R, 1/3 EP 0.381 o. 174 0.207 

1/3 R, 2/3 EP 0.386 0.190 0.196 

Cot:!post 0.368 0.248 0.120 

----------------Webster clay loam----------------

Soil 0.451 0.231 0.220 

2/3 w, 1/3 EP 0.418 0.230 0.188 

1/3 w, 2/3 EP 0.371 0.208 o. 163 

Coopost 0.368 0.248 0.120 

--------------Hubbard sand---------------

Soil 0.199 o·.o73 0.126 

2/3 H, 1/3 EP 
experiment still in progress 

1/3 H, 2/3 EP 

Cot:! post 0.368 0.248 0.120 



!able 4. Thermal conductivity as affected by the addition of Lodi 
compost to Rozetta and Webster soils. 

Treatment 

Soil 

2/3 R, l/3 L 

1/3 R, 2/3 L 

Compost 

Thermal Conductivity 

(lo-3 ca.l cm-1sec-1 ·c-1 ) 

__ ...___ Rozetta silt loam ----

3.37 

1.90 

1.36 

1. 06 

---------- Webster clay loam -------------

Soil 4.28 

2/3 'lol, 1/3 L 1.75 

l/3 'lol, 2/3L 1.48 

Compost 1.06 



Table 5. Wetting angles of soil-compost mixtures studied. 

Wetting Angle (degrees) 

---------------- Soils --------
Rozetta Webster Bub bard 

------- Lodi Compost -------
Soil 71.47 76.20 57.78 

2/3 soil, 1/3 compost 75.40 77.24 78.61 

1/3 soil, 2/3 compost 85.82 85.29 82.50 

Compost 81.67 81.67 81.67 

------- Eden Prairie Compost ----
Soil 71.74 76.20 57.78 

2/3 soil, 1/3 compost -75.95 76.19 68.12 

1/3 soil, 2/3 compost 73.87 74. OS 69.10 

Cocpost 63. 15 63. 15 63.15 

~etting angle of glass beads (control) • 66.95. 
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Introduction: 

~ethods for measuring compost stability and/or toxicity often lack the 
ability to test for both. The ratios of total and soluble organic carbon to 
nitrogen (C:N) are useful indicators of stability. Compost with high ratios 
provide t·he proper nutritional environment for abundant microbial gro~h; 
nitrogen becomes tied up in microbes, and plants grown on such compost are 
nitrogen deficient. Bioassays to measure the availability of nitrogen in 
compos ted sewage sludge employ microbes (Willson and Dalmat,. 1986) and 
plants (Spohn, 1981; Zucconi et al., 1981). Toxicity of water soluble 
components of sludges (including complex industrial hazardous wastes) has 
been estimated by measuring the reduction of light output by phosphorescent 
bacteria (Matthew and Bullich, 1986). Hirai et al., (1986); and the germina
tion and growth of plants; for ex~ple, cress (Brassica camoestr!s). 

-Direct exposure of earthworms (Eisenia fetida Savigny) to environmental 
samples containing hazardous wastes was carried out by'Callahan et al. 
(!985). LCso values for contaminated site soil vere used to assess the 
toxicity level. However, no attempt was made to distinguish between tox~c:ty 
and the inherent nutritional advantage or disadvantage to earthworms of 
uncontaminated soil samples. 

Flack and Hartenstein (198~) gave preliminary evidence that earthworms gain 
most of their biomass from ~icroorganisms and cellulose. They concluded that 
~icrobes provided a biological (i.e. non-mineral) form of N, P, and .K, and 
cellulose was the significant source of carbon. Hartenstein and Neuhauser 
( 1985) correlated decreasing cellulose concentrations :n sewage sludge ~th 
reduced growth rate in worms. 

~unicipal Solid ~aste Compost (MSwC) poses unique challenges for determining 
stability and/or toxicity. Although a compost may have reached maturity as 
defined by the various tests.described above, toxins, either residual or 
byproducts of the composting process, may lower the quality of the compost. 
Tes:s on the water soluble fraction may over- or underestimate compos: 
quality, and may be difficult to relate to field conditions. Direct 
chemical analyses (e.g. by gas chromatograph-mass spectrometer) are very 
expensive, and provide little info~ation on :he bioavailabili:y and effect 
of detected but often non-identifiable compounds. 

The earthwon f.:.. fetida is a co=on inhabitant of composting organic mater.ial 
and comes into direct internal and external contact with organic ~aterial in 
various stages of decomposition. The intent of our work was to study f.:.. 
:etida usefulness as an inexpensive and rapid bioindicator of MSwC stability 
and toxic:it.y. Earthworms were added to MSwC sal:lples, some supplemented vith 
cellulose. Three pauerns of earthworm behavior were observed (gro;n:h; rapid 
weight loss and/or death; and caintenance tl'ith only slight changes in weight) 
and were used to characterfze the cocpost as follows: 1. Stable - gro~h in 
sa:::ples with cellulose and maintenance in samples \o"ithout cellulose; 2. 
Unstable - gro;n:h in sal:lples with or vithout cellulose; 3. Toxic - rapid 
~eight loss and/or death in sa~ples with or without cellulose. 

~ethocs: 

StuCv :tl 

::ve co=posts f:-o::J va:-ious U.s. fac:li:ies were tested (Table 1). 

... 



!able 1. Composition of municipal co-compost samples used 
in Study •11.* 

c: ~ ..... 2H EC (dStm) 
Co::10ost 

Lod i , batch •11 ++ 14 7.4 4.6 
Eden Prairie+++ 17 7. 7 0.9 
DelawareS 23 7.4 6.7 
St. Cloud, batch IllS 26 6.0 5.5 
Thief Rvr. Falls ,batch Ill fl 26 6.6 7.4 

inorganic plus soluble + 
++ 
+++ 
s 

~unicipal solid waste (MSW) + sewage sludge ("1984" compost). 
Leaf compost. 

& 
~Sw ~~th refuse derived fuel (RDF) removed + sewage sludge. 
~51.' • septage and/or 10% chicken manure (wet weight). 

:f Raw ~S~ with RDF removed; not composted. 

*data provided by DuBois et al., 1986, unpublished. 

Three treatments were considered: 

( 1 ) soil + compost (5 g:25 g) -So Co 
(2) soil + compost + 1 earth\JOrm (200 mg juvenile) -So CoW 
(3) so~l + compost + 1 earth\JOrm + cellulose ( 350 mg milled filter 

paper, Whatman ltl) • SoCoi.'Ce 

Each treatment was repl~cated 3 t~mes for sampling at 0, 7 ,· 14, 21 and 28 
days for a total of 375 samples. Samples were incubated at 3o•c, in the 
·dark, in s:::all Xason jars (0.25 L) covered lol!th Glad plastic wrap and kept at 
99% relative h=idity ~n a grov-ch chamber. At each sampling time a jar for 
each t rea t:nen t 01as sampled and ·WOrms were removed and weighed; results were 
expressed in terms of average biomass changes per worm (average biomass per 
"'Or::l at :::.oe :, ::::nus average biomass per worm at origin). Ccmpost samples 
~,;ere leached ~o."'ith 1M KCl and analyzed for: a) total extractable N, b) 
extractable ~n~-N. and c) extractable N03-N. 

~cisture content was uniquely defined for each mixture. This was based on 
:ne a:nount of water taken up by the mixture after repeated, measured addi
tions over a 24-hr. period. When an addition produced standing water in the 
bottom of the covered test beaker, and this water was not absorbed within 1 
hr., 60% of the total water added was used as the experimental moisture 
content for that mix. In cell·ulose tre!ltments, an additional 2 mL of water 
was added. This resulted in water contents between 16-18% of mixes by weight 
except for Thief River Falls (33Z). 

F~ve cocposts from various U.S. and one international facilities were tested 
(Table 2). 

~!e:::ocs :.~ere ::1odified from those in Study 1/1 in an effort to standardize and 
s::::pl:fy i:he bioassay and thus, make it practical to cot:lpost:ng operacions. 
Sc::.l ·.;as replaced '-'i:h acid washed sand (2-5 = sieve, rinsed to pH 7.0), the 
i::c·~"::>a:::.on"Jessel, :i::1e and te:::pe::ature were altered, and N analys:.s was not 
;=i€:-fo:-=e:: on ::.:.xes co w'"h!ch ~~s had been adc!ed. :he c.:o ::-ea::Jents 



considered were as follows: 
(1) sand+ compost+ 3 worms • SaCoW (2) sand+ compost+ cellulose+ 3 

worms • SaCoWCe 

Each treatment was replicated twice. A compost/sand mixture (25 g/125 g), 
and cellulose (13 g powdered, ash free Whatman chromatography) were added to 
appropriate treatments. ~Xtures were placed in plastiC bags (5" X 15") and 
3 worms (each weighing 100 to 200 mg, juvenile) were placed in each bag. 
Incubation was carried out at, 24 + 2"C under constant fluorescent light to 
prevent wor:ns from crawling out o"£: the sample mixture. Before addition to 
bags, worms were starved for 24 hr. in phosphate buffered saline (pH 7.0, 
o.ss: NaCl), rinsed, blotted and weighed before addition to bags. 

Table 2. Composition of municipal co-compost samples used 
in Study 1/2, * 

c : t\..,. EH EC (cS;m) 
Comnos: 

Lodi ,batch 2- 13 7.3 5.2 
St. Cloud ,batch 112+++ 14 7.8 3.5 
Th.:.ef Rvr. Falls ,batch 112$ 16 7.3 1.5 
s..-::zerlan~& 8 8. 1 2.4 

+ inorgan.:.c plus organic, 
:iunic.:.pal solid waste (MSW) +sewage sludge ("Sept. '85"). 
MSW + septage and/or 25% chicken manure (wet weight); high 

s 
& 

1 evel s of a:nmonia ( NH 3). 
Solid waste ~~th refuse derived fuel removed; composted 
Yard wastes and source separated household organic wastes. 

"cata froc DuBois et al., 1986, unpublished. 

~1o.:.scure content of m~es was adjusted by equilibration at 0.33 bar of small 
samples of mixes on standard pressure plate apparatus. An additional 36 mL 
water was added to cellulose treatments. Water content thus obtained 
acounted to 10-13% of mixes by weight. 

\.ior:ns were removed· from bags at 7 and 14 days. to determine total biomass and 
returned to their' appropriate bags. On day 16, worms were removed and 
weighed individually and the exper!.:!lent terminated. Biomass changes per wor:n 
were determined as in study Ill; sample replications provided an assessment 
of .reproducibility. 

Results: 

Studv 'IJ - The results are s=marized in Figure 1a, and Figure lb. 

The Seen Prairie sample behaved as stable compost. Eden Prairie-SoCoW 
allowed for biomass maintenance while SoCo~Ce significantly induced ea~:hwo~ 
g::-::wt~ ':ly providing adcitional carbohydrate. Nitrogen profiles showed that 
acci t!.on of cellulose decreased total inorganic N while facilitating 
c-:Jn-:<::-s::.on of n:.:rogen :.nto earthwo:-:J b!.o::Jass. At 14 d, 100% of extractable 
u.:..::-~gen · .... ·as ~03-~. 

., 



St. Cloud-SoCoW and SoCoWCe showed similar responses initially, but, after 
14 d, SoCoWCe allowed for greater increases in biomass. A high C:N of 26:1 
is also associated with ~ature compost. Nitrogen mineralization did not 
occur until day 14 for the samples without cellulose. 

The Thief River Falls sample was toxic. Thief River Falls-SoCoW and SoCoWCe 
were not significantly different during the first 14 d. The high C:N of 
26:1 would indicate immaturity and the initial biomass decreases suggest the 
presence of toxic compounds. This sample was essentially uncomposted, 
shredded garbage. Perhaps the high EC (Table 1) or low molecular weight 
organic acids associated with immature composts (Hirai et al., 1986) caused 
the toxicity. Other toxic compounds may also have been responsible. 

Delaware-SoCoW yielded little groW'th initially; however, the .earthworms 
ga~ned weight over time to greater levels than those observed in the Lodi and 
Eden Prairie composts. Add~t~on of cellulose (SoCowCe) did not create a 
s~gn~ficant advantage, and may even have suppressed growth. The n~trogen 

prof~les show that the total inorganic N was ~nitially high (95~ NH4-N). At 
7 d, inorganic N dropped by nearly 90~, and at 21 d, N03-N predom~nated at 
concentrat~ons twice those of ~n4-N. · 

The Delaware N curves showed a rapid N immobilization in the samples with and 
without cellulose. The Delaware compost had a high C:N (23:1), and had been 
composted for 1 week only. The composting process was probably not complete, 
explaining t~e-up of nitrogen and the slight toxicity. 

The Lodi-SoCoW mixture allowed for earthworm biomass maintenance without 
significant weight loss, suggesting a stable compost. However, the behavior 
of the compost upon the addition of cellulose (Lodi-SoCoWCe) was unexpected: 
weight loss between day 7 and 14, and one 1010rm dead at: day 28. 

Inorganic N increased with time (N mineralization) in the Lodi-SoCo and SoCoW 
treatments. The addition of cellulose induced the biological immobilization 
of ~. likely t~ed up ~n the microb~al biomass derived from the decomposition 
of cellulose. After 14 d, 100~ of inorgan~c N was N03-N for all m~xes. 

Studv '.12 - The results are summarized in Figure 2. 

The Loci, batch #2 treatment, exhibited strong toxic properties - 100% 
mortality in 7 d. Addition of cellulose to the Lodi compost, however, 
allowed for significant increases in biomass. The age class of the earth
WOr".:lS used in this study was considerably smaller than those used in the 
f~rst study and, therefore, may have contributed to a greater sens~tivity to 
the presence of toxins. 

The s·t. Cloud, batch 112 sample, which had been manufactured with 25% chicken 
manure instead of 10% in batch #1, caused 100% mortality following d of 
severe ""eight loss in which only 1 wonn survived in each replicat: ::m. 
Addition of cellulose reversed the negative effects of compost alone, 
y~eld~ng variable weight increases. 

!he Thief ?~ver Falls compost '(more thoroughly composted than that of Study 
'il) allo-..ed for b!omass increase with or without cellulose, suggesting an 
uns:aole but non-tox~c produc;. 

::-.e Sw:.ss cc:?OSt •as not condt;::ive :.o g:-o\.t:h W:.thout the aCC.i:i.on cf 
cellu:!.ose, i=?lying stabil~ty ;:ithout :oxicity. The addi:ion of cellulose 



provided needed carbohydrate and produced the largest biomass increases of 
·all composts tested. 

Reproducibility of results is shown in Table 3. The difference between 
initial and final worm biomass for each replication shows that for the stable 
compost (Thief.River Falls), biomass changed uniformly with or without 
cellulose. For the unstable or toxic composts, biomass increases with 
cellulose were more variable, possibly due to worm or replication variabili
tv. worm weights at the onset of the bioassay ranged from 100-200·mg, and 
this may have contributed to variability, along with differences in in
dividual vigor. Where composts were toxic, all worms died in the absence of 
cellulose. 

Table 3. Differences between initial and final worm biomass 
by replication. (t\.A. • not applicable due' to worm 
mortal::.ty.) 

no cellulose cellulose 
REPLICATION 

Co:::Joost 2 I 2 
------ mg live weight -------

Thief River Falls 0.24 0.24 o. 19 0.24 
St. Cloud N. A. N. A. 0.65 0.27 
S10i t ze:: land o.oo 0.03 0.63 0.33 
Lod: S. A. S. A. 0.41 o. 15 

D::'.scussion: 

The :vo studies, while different in design and procedure, allow for some 
;:>reli:::Jinary conclusions to be drawn about the usefulness of E. fetida as a 
bioindicator of compost quality. 

The b:i.oassay showed sensitivity to differences between samples of varying C:N 
ratio and differences between samples with similar C:N ratios. A dist::.nction 
could be =ade between stable, unstable (immature) and toxic composts. 

The bioassay showed that earthwoi'l:ls had unique growth responses to composts 
;:ith low C:N values. All composts in Study i/2 had C:N values between 8 and 
16 and thus would be considered as properly cured and matured. Yet, sig
nif:.cant earthworm growth in the Thief River Falls, batch. {!2 was observed 
even ::.n the' absence of cellulose. By contrast, the S~o"iss compost, lowest in 
C:::; (8:1), did not support earthworm growth. With additional cellulose, 
however, biomass increased significantly and without much variation between 
sa:::Jples. A reserve of encysted protozoa or spore forming bacteria, released 
upon vetting, cay have yielded a large amount of biologically available 
nitrogen which, together with the cellulose, provided an ample food source. 
Di:ferences between various batches of compost from the same plant were 
observed by the earthworm bioassay. Thief River Falls, batch ill, which was 
not co:::Jpos::ed, was toxic; batch 112, which had been composted, was unstable. 
Vol a::;', l e =onia ( ~'E3) could be detected by smell in the St. Cloud, b.atch 112 
::-:::;:>ost., ;.·hich was toxic; it had received 254 chicken manure, in contrast to 
::--:e 107. aCCed :o b.a:ch if 1, \o:h;.ch \.·as unstable. 



E. fet!da provided a sensitive biological indicator of differences not seen 
b; cnemical determinations. E. fetida is easily maintained ·in laboratory . -~.;;;.;;.= 
culture and, being extremely prodigious, provides a constant supply of test 
organisms. The bioassay is intermediate in length (14-21 days) and provides 
more. qualitative information on food chain effects of compost utilization 
than microbial, enzyme or COz output bioassays. The bioassay appears co 
provide an extremely inexpensive assessment of stability. Perhaps its 
greatest usefulness will be in screening batches of compost which might need 
further investigation in the event of earthworm mortality. 
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F~~ure 1. Result~ of study #1: 1a) Biomass change per worm for 5 different 
municipal solid waste compost (MSWC) mixes, with and without cellulose. An * 
indicates mortality of a single worm for that treatment-time combination. 
1b) Total extractable inorganic nitrogen for the same 5 MSWC mixes, with and 
without cellulose and a no worm control. 
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~ON AGRICu~TU~~ CSE OF SOLID ~AS!! 

COMPOST PRODUCTS L~ MIN~fSO~A 

A SURVEY OF· PO!!hilAL CONSUXERS 

!h~s project •~s supported by the Leg!slative 
~o::issiori on ~~nne~~t~ Resources and :he 
·~le:ropoli:an Council oJ the !;;in Cities Area 



INTRODUCTION 

~innesota is faced with increasing press~res to reduce the amount of ~olid 
waste that is disposed of in landfills. One alternative to total landfilling 
is the production of compost from the biodegradable portion of the waste 
stream. Composting has been practiced in European and other overseas 
communities for several years. Technology and equipment are available for 
the process and are currently being introduced in the United States. Several 
~~nnesota communities are considering composting as a means of handling a 
portion of their solid waste stream. 

One of the often promoted attractions of composting is that, in addition to 
landfill abatement, the practice results in a useful product that can be used 
as a soil amendment and/or source of plant nutrients; On the other hand, 
skeptical attitudes and questions regarding whether or not all of the compost 
produced can be marketed, distributed, or disposed of have posed some of the 
greatest obstacles to the implement·ation of composting. 

In July of 1985 the University of ~~nnesota began work on a compost/co
cocpost research project. Funding for the project was provided by the State 
through the Legislative Commission on Minnesota Resources and by the Metropo
litan Council of the Twin Cities Area. The focus of the project has been on 
the use of solid waste products. An overall goal has been to gain a better 
understanding of composted waste products and how they might best be used. 

·one of the specific objectives of the project was to survey potential users 
!n both. the agricultural and non-agricultural sectors to assess interest in 
and the acceptability of composted solid waste products. This report 
su=marizes the assessment of the non-agricultural sectors. 

METHODS 

A questionnaire mailing was used to survey potential consumers of solid waste 
composts. The questionnaire was developed with input from various project 
partic!pants. Add!tional comments and suggestions were obtained from county 
sol!d ~JaHe offic'ials, Metroporitan Council Staff, and selected mecbers from 
soce of the groups surv.eyed. The questionnaire was accocpanied by a compost 
info~ation sheet, providing a basic overview of potential benefits and 
limitations of cocpost use, and a listing of possible uses. The question
naire, inforcation sheet, and accompanying cover letter are included as 
appendix A. 

The questionnaire was developed to address the following questions: 

~~at materials similar to compost products (or that might be 
replaced or partially replaced by compost) are currently being used? 

~at are the costs of these products to the consumer? 

How are the products used? 

wnen are the majority of purchases made? 

Do potent:al cons~ers have the ability to store and/or transport 
::ater:als? 



~at• are major interests and/or concerns with the use of composted waste 
products? 

Are those surveyed willing to try or regularly use 
solid waste composts? 

How ~uch.material might be used on an annual basis? 

The mailing list was developed in a manner similar to the questionnaire. 
Suggestions and comments were obtained from several individuals both within 
and outside of the University group. Every attempt was made to include 
representation from all possible categories or types of potential consumers. 
Groups included in the mailing were: 

Nurseries 

Sod g rovers 

Professional groundskeepers (at educational institutions) 

Ce~etery groundskeepers 

Hospital groundskeepers 

Golf course superintendents 

Landscape contractors 

State, regional, and city parks superintendents 

Arborists 

:he questionnaire was mailed on December 5, 1986. It was anticipated that a 
better response could be obtained during winter months as compared to other 
:i~es of the year when many of the industries or agencies surveyed are at 
their peak seasons. 

RESPONSE TO QUESTIO~~AIRE 

The questionnaire was mailed to 1384 individuals, firms, and agencies 
throughout the state. A total of 339 were returned, an overall response rate 
of 24 percent. In addition, thirty-four questionnaires were returned by the 
post office as undelivera-ble due to lack of forwarding orders or because 
fir:::s had discontinued business. The nu:nbers of questionnaires mailed to and 
returned :rom the different categories of potential users are shovn in Table 
1 • 

The highest response rate (53' percent) was obtained from professional 
groundskeepers. However, it should be noted that they represent a fairly 
s~all group ~th only fifteen questionnaires mailed and eight returned. The 
second highest response rate (33 percent) was from landscape contractors. 
For:y of the 121 questionnaires mailed to this group were returned. 

:he. lo;.;est response (6 percent) ..-as from arborists who returned only 8-of 124 
~ues:ionnaires =ailed. Sod growers also showed a low response at 8 percent. 



Questionnaires were mailed to 114 firms or individuals in this group and only 
ten were riturned. 

CURRE~7LY USED MATERIALS 

The first section of the questionnaire consisted of a list of various 
products. Respondents were asked to indicate the amount(s) and cost(s) of 
any of materials they currently purchase or use. The list included topsoil, 
peat., manure, compost, mulches, other soil amendments, and other similar 
products (which respondents were asked to describe). The percentages of 
respondents .who reported use and/or purchase of the different materials 
listed are shown in Table 2. Other soil amendments and other similar 
products were not included as very little information was obtained from those 
sections. 

T~e ~aterial purchased and/or used in the largest quantity is topsoil. Table 
3 s~arizes the amounts purchased and/br used by respondents in the dif
ferent categories. The average values shown in this and subsequent tables 
~o~ere calculated from only those respondents who reported spec.ific amounts or 
costs. The total amount of topsoil used by those who reported specific 
amounts is approximately 331,000 cubic yards annually. The largest users of 
topsoil are parks and other public agencies with an average annual use of 
J2k5 cubic yards per respondent. Landscape contractors are also significant 
topsoil users with an average annual use of 2800 cubic yards per respondent. 
Of :he groups surveyed, sod growers, professional groundskeepers, and 
hospital groundskeepers purchase and/or use the smallest quantities of 
topsoil. 

The second most co~only used and/or purchased material is peat. Quantities 
used and costs paid for peat by the different categories of potential users 
are shown in Table 4. Amounts given by those indicating purchase or use of 
peat total approximately 24,000 cubic yards per year. 

Costs reported showed considerable variation ranging from free to 5100.00 per 
cubic yard. This variation probably reflects the ;;ide assortment of peat 
products on tne oarket, differences in quality, and differences in purchase 
ur.i:s (i.e. bulk versus bagged material). 

Quantities of manure, compost, and mulches used and/or purchased by the 
respondents were considerably less than those of topsoil and peat. Respon
dents in all categories provided much less information on the amounts and 
costs of these materials making it difficult to draw conclusions or observe 
trends. Percentages of respondents that use or purchase these materials are 
she~~ in Table 2. Information obtained from the manure, compost, and mulch 
sections is s~mar:zed below. 

~.E.~ ure 

Parks and public agencies: Four respondents :n this category reported use of 
~anu~e. Two respondents gave amounts used annually of 200 pounds and 10 
tons. The other two cid not specify amounts. Two respondents gave no price 
ior the manure they use; the other two said that the manure is free. 

Su~series: Eighteen respondents in this category (34 percent) reporte~ use 
~~ ?urchase of ~anure. Of those, fifteen specified amounts used ranging from 
5 :o 1)500 c•.:b:.c yards annually. Twelve respondents gave prices ranging from 
$2.50 per cubic yard for bulk purchases to 5100.00 per ton for bagged 



::~ater~al. One respondent, who uses twenty cubic yards of manure annually, 
stated that the manure is free, No attempt was made to average quantities or 
costs of manures because amounts were given in widely varying units (truck
loads, bags, yards, and tons) that could not be accurately compared or 
averaged. 

Golf course superintendents: Only one respondent in this category reported 
use of manure. The five tons used annually is obtained at.no cost• 

Landscape contractors: Seven respondents (18 percent) reported purchase or· 
use of manure. All seven specified amounts used. Quantities ranged from 1 
to 1100 cubic yards annually with an average of sixty-nine cubic yards 
annually per respondent. Six respondents gave priceB ranging from $4.00 to 
$70.00 (for bagged material) per cubic yard giving an average of $21.00 per 
cubic yard. 

Hospital groundskeepers: No respondents in this category reported use or 
purchase of manure products. 

Grounds and la~ maintenance-unspecified: Three respondents (25 percent) 
reported use or purchase of manure products. The amounts used annually and 
costs were: one truckload at $10.00 per truckload, ten cubic yards at no 
cost, and ten cubic yards with no cost given. 

Professional groundskeepers: Two respondents (25 percent) reported use or 
purchase of manure. One respondent uses fifty cubic yards of manure annually 
which is obtained at no cost, the other uses three cubic feet annually at a 
cost of $3.00 per cubic foot. 

Arborists: ~o arborists reported use of manure products. 

Sod growers: Only one respondent in this category reported use of manure. 
The four tons used annually is obtained at no cost. 

Co~oos: 

Parks and public agencies: Twenty-two respondents ( 21 percent) reported use 
or purchase of co~post materials. Of those, seventeen specified an amount 
used. Quantities ranged from one ton to 2000 cubic yards annually with an 
approximate average of 405 cubic yards annually. Fifteen of the twenty-two 
respondents stated that the compost is free or that they have their own 
source of material, four gave no price, one gave a price of $11.00 per cubic 
yard, and one gave a price of $10.00 per ton. 

Surseries: Twelve respondents (21 percent) reported use or purchase of· 
cocpost materials. All twelve specified amounts used. Quantities ranged 
fro~ 5 to 6500 cubic yards annually with an average of·~11 cubic yards 
annually. Four respondents make their own compost or obtain it at no cost. 
Three respondents did not give a price. Five respondents gave prices of 
52.00,S5.00, S7.50, $18.00, and $32.00 per cub'ic yard. The average cost to 
these :::.ve respondents is $13.00 per cubic yard. 

Golf course superintendents: T'"'o respondents (4 percent) indicated us.e or 
?urc~ase of co~post material. One purchases six cubic yards of bagged 
c~~post annually at a cost of S!OO.OO per cubic yard. The other purchases 
;so poun~s of co~post annually at a cost a: S4.50 per pound. 



Landscape contractors: Three respondents (8 percent) use compost materials. 
Quantities reported were ten, fifteen, and fifty cubic yards of material 
annually. All three said that the compost is free of charge. 

Professional groundskeepers: One respondent in this category uses twenty 
cubic yards of compost annually which is free of charge. 

Hospital groundskeepers: One respondent uses twenty cubic yards 
of compost annually. No price was given. 

Cemetery groundskeepers: Five respondents in this category (15 percent) use 
compost materials. one uses one truckload annually and another uses sixty 
cubic yards annually. No quantities were given by the other three· respon
dents. · Four of the five using compost reported that it is free. No price 
was given by the fifth respondent. 

Grounds and lawn maintenance-unspecified: Two respondents (15 percent) use 
compost materials. Amounts used are 25 cubic yards and 300 tons annually. 
Both respondents reported that the compost is free of charge. 

Arborists: Only one respondent in this category indicated use of compost. 
The five cubic yards used annually is obtained at no cost. 

Sod growers: One respondent in this category uses twenty yards of compost 
annually. No price was given. 

!'\ulches 

I 
Parks and public agencies: Twenty respondents in this category (22 percent) 
purchase or use mulch materials. Eighteen of those reported amounts used 
ranging from 10 to 200,000 cubic yards annually. The average amount used by 
the eighteen is 11,470 cubic yards annually per-respondent. The average 
excluding the highest and the lowest values is 404 cubic yards annually. 
Fourteen of the twenty respondents who use compost stated that it is free,. 
two said that they have their own supply,. one gave a price of $2.00 per cubic 
yard, and one gave a price of S7.00 per cubic yard. 

~urseries: Nineteen respondents in this category (33 percent) purchase or 
use cul.ch caterials. Sixteen reported spec:!.fic amounts used ranging from 20 
to 13,000 cubic yards annually. The average amount used by the sixteen is 
1183 cubic yards annually. The. average excluding the highest and the lowest 
values is 442 cubic yards annually. Prices ranging form $3.50 to $27.00 per 
cubic yard were given by fourteen respondents. The average cost to these 
!'ourteen is S 10. 60 per cubic yard. Four respondents gave no price and one 
said that the culch is free. 

Golf course superintendents: Three respondents in this category (6 percent) 
use mulch materials. One respondent uses thirty cubic yards annually which 

_is free of charge. The other two use ten and f:!.fty cubic yards annually. No 
prices were given by these two respondents. 

Landscape contractors: Sixteen of the landscape contractors responding to 
the questionnaire (40 percent) use or purchase mulch materials. Fifteen of 
those reported ~ounts used ranging from 1 to 12,000 cubic yards ann~lly. 
The average amount used by the fifteen is 1334 cub:!.c yards annually. Prices 
rang:ng :ro= 54.00 to 515.00 per cub:c yard were given by :~elve respondents 



giving an average cost of $9.00 per cubic yard. Two of the sixteen who use 
::~ulch gave no price and two said that it is. free. 

Professional groundskeepers: Four respondents in this category (40 percent) 
use or purchase mulch materials. Quantities used by three of the fo~r are 
fifty, eighty-five, and one hundred cubic yards annually. One respondent did 
not specify an amount used. Costs of $7.00, $9.00, and $32.00 per cubic yard 
were reported by three respondents. The fourth respondent obtains mulch at 
no cost. 

Hospital groundskeepers:. No hospital groundskeepers reported purchase or use 
of mulch materials. 

Cemetery groundskeepers: Four respondents in this category (21 percent) use 
or purchase mulch materials. Two of the four each use 1000 cubic yards 
annually and ano:her uses two truckloads·annually. The fourth respondent did 
not specify an amount used. All four said that the mulch is free. 

Grounds and lawn maintenance-unspecified: Five respondents in this category 
(38 percent) use or purchase mulch materials. Quanti:ies reported by the 
five were one ton, twenty cubic yards, 120 cubic yards, 400 tons, and twenty
five truckloads annually. Three obtain the mulch at no cost. The other two 
respondents gave prices of $12.00 and $13.00 per cubic yard. 

Arborists: One arboris: uses 500 cubic yards of mulch annually which is 
obtained at no cost. 

Sod growers: One sod grower uses 1100 tons of mulch annually at a cost of 
s.:.s. 00 per ton. 

TIME OF PURCHASE 

The use of compost materials will undoubtedly be seasonal in nature. This 
should be a consideration in any plans or efforts to distribute materials. 
In order to gain a better understanding of purchasing patterns, potential 
cor-post users were asked to indicate the season(s) in which the majority of 
purchases are ::1acie. As can be seen :.n !able 5, very fe~o• o!: those su-:-veyed 
(less :han 3 percent of all respondents) purchase any mater:.als dur:.ng the 
•·inter months. 

Percentages of all resuondents who purchase materials in the spr:.ng, Sll::lmer, 
and fall are 66, 55, and 51, percent respectively. It appears that, all 
other factors being favorable,.cocpost could be effectively distribu:ed 
throughout these seasons. However, it would probably be necessary to store a 
large proportion of the compost generated during the Winter months. 

It should be noted that within ~ome categories purchases are more concentrat
ea ln certain seasons. For exr~,ple, 70 percent of the cemete::-y g::-ounds
~eepers purchase mater~als in ~he spr~ng while only 24 percent said that they 
~ake purchases :n the fall. In contrast, nearly equal numbers of landscape 
con:ractors purchase ~aterials in the spring, summer, and fall seasons. 

USE OF !".A:ERIA.LS 

7he ~ex: section o!: the quest:onnaire cons:sted of a list of possible ways 
:":-.a.t =a:e:-:.als such as topsc:.l, pea:, ::r.anure, mulches, COO?OSt, etc. =::ght be 



used. Respondents were asked to check the way(s) that they use materials. 
Responses are summarized in !able 6. 

!he most frequently checked use was topdressing with 52 percent of all 
respondents indicating the use of the listed materials for this purpose. The 
least frequently checked use was fertilizer: Only 15 percent of all respon
dents reported using any of the listed materials as a fertilizer source. 

Almost all respondents checked more· than one type of use and more than 30 
percent of all respondents checked more than two. It appears that many 
potential consumers are involved in a variety of operations and could have 
more than one type of use for compost. Many of the nursery operators for 
example, are also involved in landscaping operations. Suitable uses for 
compost are likely to exist in both areas of such businesses. 

Respondents were also asked to describe any other way(s) that they use 
materials such as those listed. Very few responses were obtained from this 
sect~on of the questionnaire. All additional comments are given below. 

Build retaining walls 
Construct golf course greens 
Retail sales (three respondents) 
Elling ·holes after grinding out st=ps 
Backfill for tree planting 
Soil amendment for tree planting 
~inter mulch for berries 
Daily cover at landfill 

TRANSPORT AND STORAGE CAPABILITIES 

Transport of materials should be addressed in·any composting plans. Propos
als for the d~stribution of composts have often assumed that consumers will 
pick up or other-..·ise provide transport. Sometimes it is assumed that 
t::-anspo::-: cos:s 1;ill be offset by or equal to revenue generated from the sale 
of the compost. Tnese may or may not be realistic assumptions depending on 
the type o:: operation, haul distance, amount of material generated relative 
to the size of the market, quality of the compost, and several other factors. 
Consideration should be given to the fact that the cost of delivery is quite 
often included in the price of topsoil, peat, and other materials that are 
used in large quantities. 

T~e need :or product storage also deserves careful consideration. Because 
de::oand for co::opost products is most likely to be seasonal ·in nature, it may 
be necessary to store finished compost at the facility where it is generated. 
Another option would be to rely on storage capabilities of the consumer. 
Cc~pos. producers -..~11 need to evaluate different transport and storage 
optio:~s: their costs, dependability, and how different options can l~ t or 
expand potential ~arkets. 

Respondents ~re asked if their organization currently stores or has the 
ca;:>abili:y of storing caterials. Responses to this question are s=arized 
!.:1 :able i. As can be seen from the table, one-half or more of the r_espon
:ents in al~ost all categories said that they are able to store material. 
Sev-::1:y percer.t o: all -:espondents ans'-'€reC. this question positively, 26 
per~e~: se:d :ha: :hey do not have sto~age capab!lities, and 4 ?ercent 
?rov:.~eC no a:1s_.er-. 



Respondents answt!r:!.ng yes to th:!.s quest:!.on were also asked to ·::.nd:!.cate the 
amo'unt of mater::.al that they can store. Approx:!.mately half of those answer
::.ng yes to the f:!.rst part of th:!.s section provided a specific amount. 
Because amounts were given in such varying units it is not possible to draw 
any conclusion about typical storage capacity. Responses ranged from less 
than one cubic yard to several acres ~r thousands of cubic yards. 

Fewer respondents said that. they are able to transport materials as compared 
to. those who are able to provide storage. As shown in Table 8, 59 percent of 
all respondents said that they have some sort of transport capability. There 
was considerable difference between categories. The most positive response 
wa~ from the landscape contractors. Ninety percent of the respondents in 
this group said that they could transport materials. The least positive 
response was from the golf course superintendents with only 31 percent 
incicating transport capabil:!.ty. 

It should be noted that several respondents, although answering yes to the 
question, added comments pertaining to limitations. Typical comments in
cluded: the only means of transport is a pick-up truck, or can haul materials 
only ~f they are within ten miles. 

CONCERNS AND INTERESTS 

The next section of the questionnaire contained a list of possible quality 
par,ameters and/or concerns that consu:ners might have with the use of com
posted waste products. Respondents were asked to rate each parameter on a 
to 5 basis, with l being most important and 5 least important. Average 
ratings for each of the ten parameters were determined within each category. 
The parameter was then assigned a rank of importance for that category. 
wnere average ratings were equal, equal rank was assigned. Thus, the 
distribution of ranks may not range from l to 10 within a category. 

The ratings and rank of importance for the different categories of users are 
s~marized in table 9. Overall, cost is the parameter of greatest concern. 
It was ranked most important ·by six of the ten categories of respondents. 
Availability was ranked as most important by the arborists and by those in 
the grounds and lawn maintenance - unspec:!.fied category. Odor is the major 
concern of professional groundskeepers and organic matter content is con
sidered most important by hospital groundskeepers. Weight was rated least 
i~portant by eight of the ten categories of respondents. Fertilizer value is 
considered least i~portant by those in the nursery category ~hile odor is the 
para::1e::.er o! least concern to sod growers. 

It·is quite apparent that cost and availability are the areas of major 
concern while weight is considered least ::.mportant. However it is important 
to recogni~• d!.fferences bet~een groups. :~For exa.!llple, fertilizer value was 
rated leas. i::1portant by nursery respondents, whereas it was rated second 
only to cost by sod growers. 

Respondents were also asked to specify any other areas of concern or interest 
and to rate chem along with the listed parameters. Only eleven respondents 
provided any additional ite::1s of concern. They are: 



Presence of nonbiodegradable materials ------- 7 respondents 
such a'S glass, plasti'cs, and metals 

Presence of heavy metals --------------------- 2 respondents 

Contamination (type not specified) ------ 2 respondents 
•' 

Nutrient holding ability ------------- 1 respondent 

Public acceptan,ce -------------------------- 1 respondent 

Transport· distance ---------------------------- 1 respondent 

All of these items were assigned a rating of 1 or 2 by all respondents who 
~ncluded them as concerns. 

In addition to rating the listed parameters, respondents were asked to 
specify desired or acceptable levels for any or all of the parameters. The 
response to this part of the questionnaire was disappointingly low. So few 
respondents provided· any information that it is not possible· to formulate 
conclusions regarding acceptable product specifications. 

POTENTIAL DEMAND FOR COMPOST 

The final sections of the questionnaire were designed in an attempt to 
estimate the extent of interest in compost products and, more specifically, 
the amount of compost that might be 'consu:ned by potential users. Individuals 
were asked both if they would be willing to try a solid waste compost and if 
they believed they would be a regular user. Responses to the two questions 
are summarized in Tables 10 and 11. Sixty-five percent of all respondents 
said that they would be willing to try a solid waste compost. Slightly less 
(60 percent of all respondents) believed that they would be regular users of 
compost products if a consistent reliable source was available. Nineteen 
per=ent of all respondents said that they would not be willing to try a solid 
•aste coopost and 24 percent do not believe that they would be regular users. 
Responses to the two questions do not total 100 percent as not all respon
dents provided answers. 

Very favorable responses were received free landscape contractors and 
professional grounds keepers. Greater than ·so percent of the respondents in 
each of these categories answered yes to both questions. Strong interest was 
also shown by those in ·the parks and public agencies category. However, it 
should be noted that several of the respondents in this category reported 
that they have their own source of compost or are able to obtain yard waste 
=ompost at little or no cost. A few said that they have difficulty using all 
of the compost they currently produce. 

~urseries also represent a p~tential market for composted waste products. 
The extent of use by this group is more likely to depend on product charac
tcr.ist:!.cs and consistency than for oany of the other groups surveyed. 
~ursery requ:!.rements, particularly for media components, are usually quite 
s ?ec: fie. 

Those respondents who said they would be regular users of compost products 
~ere asked to speculate on the amount that they would use on an annual basis. 
!\es;:>onses to this question are s=::Jarized in Table 12. As can be seen by 
c~~;:>ari~~ the percentage of those who answered yes to the quest:!.on in Table 

·' \ 



11 with the percentage that specified an amount that might-be used on an 
annual basis in Table 12, many respondents were unwilling or unable to 
speculate on how much compost they would use. 

The averages shown in the fifth column were calculated from only those 
respon-dents specified amounts. Thus, it should not be assumed that the 
averages are representative of the entire category. They do however, give an 
indication of the types of individuals that would use the greatest amounts of 
compost. The average for landscape contractors far exceeds that of any other 
category. The next highest averages were obtained from amounts given by 
those in the parks and.public agencies and nursery categories. 

The last column in !able 12 shows the total amount given by respondents in 
each category. Again, landscape contractors and those in the parks and 
public agencies category appear to be potentially large consumers. The total 
amount given by these two groups (94,848 cubic yards per year) represents 
more than eighty-five percent of the total for all categories. 

!hose who said that they would not be willing to try a solid waste compost or 
who did not believe that they would be regular users of solid waste compost 
were asked to give their major reason(s). A "'ide variety of co=ents were 
received from respondents ~o ans~red no to the questions as well as from 
those who said that they would be "'illing to try and/or use compost. There 
were not, however, major differences in comments-from the two separate 
questions. In several cases, a respondent gave the same reason for not being 
a regular user as was given for not ....anting to try a solid "'aste compost. 
Co=ents from the two questions ar.e given in Tables 13 through 32 according 
to respondent categories. 

~o need or use for compost was the most frequently reported reason followed 
by cooents per:aining to cost. Several respondents, particularly those in 
::he parks ·and public agenc:.es category, said that they have the:.r own source 
of compost or are able to obtain it for free. Other frequently stated 
concerns were odors, inconvenience, and product contamination. 

Lastly, respondents were asked if they "'ere interested in more information 
about solid waste composts. Sixty-four percent of all respondents answered 
pos:.:ively (Table 33) which is similar to the percentage of all respondents 
that said they ...auld be willing to try a solid waste compost. Witr~n 

categories there are some interesting differences in responses to the t"'o 
questions. For example, even though only 27 percent of the cemetery gro~~ds
keepers would be willing to use compo-st, 48 percent said that they "'Ould like 
:ore ~n£orwation. 

On the other hand, 76 percent of those in the parks and public agencies 
category said that they would be "'illing tCi try a solid waste compost, 1o1hile 
only 57 percent sai_d that they would l.ike more information. This difference 
:nay reflect more e:iper:.ence with ::he use of composts (i.e. yard "'aste 
composts from the :netro area centralized sites) and therefore less need for 
additional information. As was pointed out above, several respondents in 
this category ~o said that they would try or regularly use cocpost also 
cc~ented that they have their o"'" source of compos:: or are able to obtain it 
at little or no cost. Tnese co~ents present some difficulty in assessing 
parks and/or other public agencies as potential markets fer solid waste 
:::=pos:s. 



METRO AREA RESPONDENTS 

~rket uncertainties are sometimes viewed as especially critical when 
considering composting as an option for large metropolitan areas. Large 
quantities of compost could be produced, an~ therefore need to be distribut
ed, in a relatively confined area. This situation is exemplified in Min
nesota, where more than half of the State's solid waste is generated in the 
seven-county Metropolitan Area. 

With this in mind, respondents were asked to designate the county in which 
they are located so that pqtential consumers in the Metropolitan Area could 
be identified. As is shown in Table 34, this group represents sixty-one 
percent of all respondents. 

The percentages of all Metro-Area respondents that would be willing to try 
(67 percent) and regularly use (63 percent) composted waste products (Tables 
35 and 36) are very similar to the state wide figures (Tables 10 and 11). 
There are however, some noticeable differences within categories. For 
example, cemetery groundskeepers within the Metro Area appear to be much more 
recep:ive to trying and using compost. Sixty percent said that they ·believed 
they would be regular users of compost •. State wide, only 27 percent of the 
cemetery groundskeepers responded positively. to the question. The opposite 
is true for golf course superintendents, with fewer Metro Area respondents 
will:!.ng to try or regularly. use compost as compared to all golf course 
superintendents in the State. 

Perhaps of greatest interest or ·sign:!.ficance is the large proportion of 
compost that Metro Area respondents estimated they would use. As is shown in 
Table 37, the total amount estimated by all Metro Area respondents is 104,959 
cubic yards per year. This represents 94 percent of the state wide total. 

These figures may portray a somewhat biased picture of 
t:-te state. Some agencies ·gave very large estimates of 
used on an annua1 basis. Several of these values were 

potential markets in 
amounts that might be 
included in the Metro 

A:"ea totals according to the county indicated on the questionnaire. It is 
quite likely that estimates from some of these agencies included materials 
:ha: 1o10uld be used outside of the Metro Area. 

It should also be noted that only landscape contractors in the Twin Cities 
Area 1o1ere mailed questionnaires. Had landscape contractors throughout the 
S:ate been included in the survey, the Metro Area proportion of estimated 
compost use might have been considerably less. Nonetheless, it does appear 
that a substantial market for composted waste products could be developed 
;;:!.thin the !'\etro Area. 

SUMMARY 

The results of this survey show that there is a de[inite interest in the use 
of solid ;.-aste compost. It appears that ·non-agricultural markets do exist 
and could be further developed in the state and particularly in the seven 
county oetropol~tan area. The large number of· questionnaires returned 
(greater than 24 percent) :!.s vie1o1ed as a positive response as is the high 
?rcportion of res?ondents (64 percent) who said that they 1o10uld like more 
:n:o~at~on on compcst products. 

In vie~ of the :act that ·most solid ~aste composts have relatively lo1o1 
nut~ient contents and ~uld serve as poor substitutes for co~ercial fer-



t~l~zers, it is encourag!n& to note that the types of soil products, organic 
:nater!als, and other amendments currently ·consumed by many of those surveyed 
are used largely f~r their physical and conditioning properties and not as 
:najor sources of plant nutrients. 

Although some· industries, notably sod growers and arborists showed a lack of 
~nterest, other sectors such as landscape contractors and public agencies 
displayed a definite willingness to try compost products. Large percentages 
of the respondents in these groups believe that they would be regular users. 
It appears that these would be the most likely areas·in which to initiate 
marketing efforts. Cost and availability of products are· the major concerns 
of nearly all groups surveyed. 



!able 1. OVERALL RESPONSE TO UNIVERSITY OF MINNESOTA COMPOST 
I~O~~TION QUESTIONNAIRE. 

Category 

Parks ~ Public 
.-\gencies 

Nurseries 

Golf Course 
Superintendents 

Landscape 
Contractors 

Professional 
Grounciskeepers 

Hospital 
Gro unci skee per s 

Ce:ne tery 
Grounciskeepers 

Grounds and Lawn1 
~aintenance -
unspecified 

Arborists 

Sod Growers 

~:. s cell a:1eo us 2 

TOTALS 

:<:o. of Quest. No. of Quest. 
Sent Received 

300 91 

263 58 

262 48 

121 40 

15 8 

65 12 

120 32 

13 

124 8 

114 10 

19 

.1384 339 

1 ' ·Respondent did not specify type of grounds. 

2rype of operation does not fit any of the categories. 

Percent 
Resoonse 

30 

22 

18 

33 

53 

18 

27 

6 

9 

24 



!able ., 
~TI:RlALS USED • -· 

Per;:enta~te of resoondents that currentlv.use or £Urchase: 
Category Tvoe of Material 

Topsoil Peat Manure Compost Mulch 

Parks - Public 
Agencies. 65 11 24 21 22 

!'lurseries 74 64 31 21 33 

Golf Course 
Superintendents 63 25 2 4 6 

Landscape 
Contractor-s 90 38 18 8 40 

Professional 
Groundskeepers 75 38 25 1.3 50 

Hosp~tal 

Groundskeepers 50 8 0 8 0 

Ce::>etery. 
Grounds keepers 73 9 9 15 12 

Grounds & Lawn 
~1a::1tenance -
unspecified 62 31 23 15 38 

Arbo:-~sts 38 0 0 13 13 

Sod Growets 10 0 10 10 10 

··1 1 _.,__ Categories 64 50 17 15 22 



Table 3. AH0~7 ~~ COST OF TOPS9IL. 

Al:lount purchased or used ( vdj) Cost (dollars) 
Category low h1gh ~verage low high average 

Parks - Public 
Agencies 10 125;000 3245 1.00 15.00 7.50 

Nurseries 15 10,000 840 1. DO 16.00 10.50 

Golf Course 
Superintendents 10 4,000 270 s.oo 27.00 13.00 

Landscape 
Contractors 25 20,000 2800 1. 00 15.00 i.25 

Professional 
Gro unci skee pers 5 500 125 5.00 12.00 s.oo 

Hospital 
Groundskee pers 3 70 20 5.00 15.00 11.00 

Cemetery 
Groundskeepers 750 120 5.00 96.00 16.00 

Grounds & Lawn 
~aintenance -
unspecified 12 700 232 2.50 10.00 s.oo 
Arboris:s 10 500 190 1. 00 10.00 9.00 

Sod Gro1.1ers One respondent indicated use of 1000 yd3' no price given. 



\ 

Table ~. ~~OL~~ AND COST OF PEAT. 

Category Amount pure hased or used ( vd3) Cost (dollars) 

Parks - Public 
Agencies 

!'urseries 

Golf Course 
Superintendents 

Lands cape 
Contractors 

Professional 
Grounds keepers 

Hcsp!tal 
Groundskeepers 

Cece tery 
Grcundskeepers. 

Grounds & LaiJTl 
:1ain tenance -
unspec:.fied 

Arborists 

Sod Growers 

low high average low high average 

o.s 250 51 12.50 40.00 26.25 

o.s 5000 503 2.00 46.00 16.00 

5 300 52 4.50 45.00 15.00 

5 1500 322 5.00 95.00 22.00 

5 20 11 2.00 100.00 47.00 

one respondent indicates purchase of one cubic: yard 
per year at SJO. 00 per yard 

2 100 51 only one respondent gave 
price at SO. 25 per pound 

200 67 2. 50 54.00 28.00 

no respondents indicate use/purchase 

no respondents indicate use/purchase 



Table 5. SEASONAL BREAKDOWN Of MATERIAL PURCHASES. 

Category Percentage that our chase materials during: 

Spring Summer Fall Winter 

Parks - public 65 51 57 2 
Agencies 

:Surseries 91 64 69 9 

Golf Course 65 63 54 0 
Superintendents 

Landscape 88 83 70 0 
Contractors 

Professional iS 75 50 0 
Grounds keepers 

Hospital 58 33 17 0 
Grounciskeepers 

Cemetery 70 45 24 0 
Grounds keepers 

Grounds & La= 69 62 62 8 
!'laintenance -
unspec:::ed 

Arborists 38 25 25 0 

Sod Growers 60 40 30 0 



!able 6. ~AYS THAT ARE LISTED PRODUCTS ARE USED. 

Percentage of respondents that use topsoil, manure, compost etc., 
for the follo~in~ purposes. 

CATEGORY USE 

Parks - Public 
Agencies 

:>:u::ser:.es 

Gol: Course 
Superintendents 

Landscape 
Contractors 

Professional 
Groundskeepers 

Hospital 
Grouncskeepers 

Ceoetery 
Groundskeepers 

Grounds .> Lai.'TI 
~aintenance -
unspecified 

A::-borists 

Sod G::o..,e::s 

iOTAL 

Iopdresslng 

55 

!.0 

90 

55 

63 

33 

64 

13 

0 

52 

Amendment 
in beds 

24 

36 

19 

48 

63 

50 

15 

23 

25 

0 

27 

Amenament prior 
to seeding 

38 

33 

40 

38 

33 

39 

31 

0 

10 

2i 

Amendment prior 
to sodding 

35 

25 

27 

65 

25 

16 

27 

38 

13 

20 

3i 



Table 6.(con't) WAYS THAT LISTED PRODUCTS ARE USED. 

Percentage of respondents that use topsoil, manure, compost etc., 
for the followin~< l!Url!OSeS. 

CAa.GORY USE 
Component of 

Fertilizer Mulch potting media Fill 

Parks - Public 
Agencies 21 41 10 30 

!llurseries 13 55 80 24 

Golf Course 
Superintendents 8 15 4 27 

Landscape 
Contractors 13 53 40 33 

Professional 
Groundskeepers 0 63 13 25 

Hospital 
Groundskeepers 25 16 8 33 

Ce!:letery 
Groundskeepers 3 18 9 52 

Grounds & Lawn 
::-ia:.n:enanc:e -
unspec:.f:.ed 46 62 23 23 

A~bo :-::. s t s 25 13 0 13 

Sod Gro;;ers 50 10 0 0 

TOTAL 15 35 23 27 



Table ~ STORAGE CAPABILITY. I • 

Have Stora~e Do not have storage 
Category Number. Percentage Number Percentage 

Parks - Public 
Agencies 64 70 23 25 

Surseries 49 84 8 4 

Golf Course 
Superintendents 36 75 11 23 

Landscape 
Contractors 28 70 10 25 

Professional 
Groundskeepers 6 75 2 25 

Hospital 
Groundskeepers 4 33 7 58 

Cemetery 
Grounds keepers 22 67 9 27 

Grounds & La= 
~intenance -
unspecified 6 li6 7 54 

Arborists 4 50 2 25 

Sod Gro,.ers 5 50 5 50 

:o:;..:..s 224 iO 84 26 



Table 8. TRANSPORT CAPABILITY. 
llumbers and perc_entages of respondents that currently transport 
or have the ability to transport materials. 

Have capabil1 ty Do not have caEabilitv 
Category Number Percentage Number Percentage 

Parks - Public 
Agencies 69 76 23 25 

Nurseries 32 55 25 43 

Golf Course 
Superintendents 15 31 33 69 

Landscape 
Contractors 36 90 3 8 

P::-ofessional 
Groundskeepers 6 75 13 

Hospital 
- Groundskeepe::-s 4 36 7 64 

Cemetery 
Grounds keepers 13 39 18 55 

Grounds & Lawn 
Maintenance -
unspecified 9 69 4 31 

Arbo r:.s ts 6 75 1 13 

Sod G:-owe::-s 4 40 5 so 

TOTALS 190 59 113 35 
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Tahle '}, (con't) RATING Of HA.JOR CllNC~:RNS ANI> INTERESTS, 'WITII Til~: IJSE Of A SOI.II> WASH: CmtPOST, 

·-::·~ . - ·,. -. 
:-'"':.':"-:--------------------------------~}-;fARAH~:-mR------~--------------------------
Fc't'ttltzer Granule Water Oq~·a-nlc _ Avail-

__ y ~!~~----~~!s~~---~!~~---~~!':!! ~g__ -~~~!-.~!:~-r~ __ Q':!~!:~--!!~~':!!!~g--~~~~-----~ ~~ ~ ,_,_t 1 _ 

IIOSPITAL 
GROUNDSKEEPERS 

' 
N•~nber of respondents 

. " that gave a rating 9 9 9 9 ; ,9- 9 9 9 9 9 

Average Rating 2.67 ].67 2. 56 2.56 2.00 2. II I. 44 2. II 2. II 2.78 

Rank 5 7 4 4 I ) 2 ] ] 6 

CEMETERY 
GROIJNDSKEEPERS 
Nt~nber of respondents 
that gave a rating 22 22 21 21 21 21 21 2) 21 21 

Average Rating 2.19 ].75 2.88 2.64 2.74 2, 36 2. I 7 2.24 I, 6 7 2.02 

Rank 6 10 9 7 8 5 ] 4 I 2 

GROUNDS & LAWN HAIN-
TENANCE UNSPECIFIED 
N•uuber of respondents 
tltat gave a rating II I II I I II II I I II II II 

Average Rating 2. 50 2. 7J 2.64 2. n 2. 61. 2.111 1.91 I. 91 I. 91 I • (,t, 

Rank 5 7 6 7 6 '· ) ) 2 

ARORISTS 
Numhcr of rcapondcnts 
th'lt gave a rat tng 5 4 '4 5 'i 'i 5 'i 'i ~ 

Avel:'ay,c Rat lng 2.00 2. 7 5 2. 'ill 2.60 I • BO 2.20 I.BO 2.20 1 .no I • t, 0 

Rank ) 7 ') 6 2 '· 2 '• 2 

SOU GROWERS 
Nornhcr of reRpondents 
lh;al r,ave .1 rt'lt In~ 9 7 7 II II 'I II 'l 1(1 'I 

Avl'rat\P. Ratlnp, 1. n 1. 14 2. 71 2.7'i I • i111 l.Oil1. l?.'i I • f> 7 I • Oil f. H'l 

Hauk 2 'I 1 II I, (, Ill 'I I •, 



!able 10. ~~~BER AND PERCE~7AGE OF RESPONDENTS WILLING TO TRY A 
SOLID W~~!E COMPOST. 

Category 

Parks - Public 
Agencies 

Nurseries 

Golf Course 
Superintendents 

Landscape 
Contractors 

Professional 
Groundskeepers 

Hospital 
Groundskeepers 

Cemetery 
Grounds keepers 

Grounds & Lawn 
Ma:!.ntenance -
unspecified 

Arborists 

Sod Gro1o1ers 

TOTALS 

Willing to trv 
Number Percenta~~:e 

69 76 

42 72 

31 65 

33 83 

7 88 

8 67 

9 27 

11 85 

3 38 

6 60 

219 65 

· · Not willing to try 
··Number Percentaee 

12 l3 

ll 19 

13 27 

4 10 

13 

1 8 

13 39 

2 15 

3 38 

3 30 

63 19 



Table 11. NUMBER AND PERCENTAGE OF RESPONDENTS BELIEVING THEY WOULD BE 
REGULAR USERS OF SOLID WASTE COMPOST. 

CATEGORY 

Parks - Public M 

Agencies 

Nurseries 

Golf Course 
Superintendents 

Landscape 
Contractors 

Professional 
Groundskeepers 

Hospital 
Grounds keepers 

Cemetery 
Groundskeepers 

Grounds & Lalol!l 
Maintenance -
unspecified 

Arborists 

Sod Growers 

TOTALS 

Would be a regular user 
Nuober Percentage 

62 68 

39 69 

30 63 

33 83 

7 88 

6 50 

9 27 

9 69· 

2 25 

5 so 

202 60 

Would not be a regular user 
Number Percentage 

21 23 

15 26 

13 27 

5 13 

1 13 

1 8 

13 39 

4 31 

4 50 

4 40 

81 24 
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!able 12. ESTIMATED A.'iNUAL SOLID WASTE COMPOS! USE. 

~ Giving 
CATEGORY Specific Amount Amount in cubic 

Low High Average 

Parks - Public 
Agencies 42- l 35,000 1196 

(282)1 
~urseries 34 2 3,500 421 

(259)1 
Golf Course 

Superintendents 52 <1 1, 500 142 

Landscape 
Contractors. 50 <1 30,000 2470 

(1021)1 
Professional 

Groundskeepers 75 3 100 49 

Hospital 
Groundskeepers 42 2 50 26 

Ce:ne tery 
Grounds keepers 12 24 100 44 

Grounds & Lawn 
Xaintenance -
unspecified 38 4 BOO 120 

Arbo ris ts 25 so 100 75 

Sod Growers 30 20 2,000 1010 
(20)1 

ALL CA.:.:. GORES 38 

!Average excluding highest and·lowest value. 

vards 
Category Total 

45,448 

8,420 

3,550 

49,400 

294 

130 

176 

600 

150 

3030 

111,198 



Table 13. CO~E~7S GIVEN BY PARKS-PUBLIC AGENCIES WHEN ASKED WHY THEY WOULD 
NOT BE WILLI~G TO TRY A SOLID WASTE COMPOST. 

--Response-
Yes ~0 

X 
X 

X 

X 
X 
X 
X 

X 
X 
X 

~ybe 

X 

X 
? ? 

X 
X 

Comment 

Not enough need 
Can't be used in eating areas, equipment 
In certain areas but not parks 
Very small amount 
Too much hassle, too little return 
Have own source, more than enough 
Odors 
City did composting in the past, poor 
participation 
Have tried 
Very small use 
If safe and not harmful 
Currently using 60-70 yds of leaf compost 
Depends on quality 
If product is clean and right sized with no 
sticks 
Space availability 
Odors, glass 
Must follow state specs for soils 
Tried sludge and it smelled 



Table 1~. CO~E~7S GIVEN BY PARKS-PUBLIC AGENCIES WHEN ASKED WHY THEY 
WOULD SOT BE REGULAR USERS OF SOLID WASTE COMPOS!. 

--Response-
Yes !o!O 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

~taybe 

X 
X 

X 
X 

X 
X 
? ? 

X 
X 
X 

Comment 

Not enough need 
Limited potential for regular use 
Limited use because of dangers (lead) 
Concern for complaints 
Depending on cost 
Do not have help or areas for use 
Too much bother 
Not a steady demand 
Hard time using our own 
On a tr~al bas~s at f~rst 
Not a significant need 
Odors 
Have our own supply 
Little interest, lack of equipment 
Only if good equipment is available for 
handling 
Sporadic use 
Amount depends on projects - variable 
Amount depends on price 
If cheap could use a lot 
Have our own supply 
No uses 
Small amount, limited budget 
If free 
Have just begun making.leaf compost 
If competitively priced 
Depends on quality and price 
Limited, use county yard waste compost 
Depends on location, ease of access 
Transport would be a problem 
Cost, quality, availability- oany factors 
nave own compost 
Very limited 
Depends on odor, amount of glass, and 
product consistency 
Amount would vary from year to year 
Demand changes 
Hire contractors wno would be the users 



!able 15. COMXENTS GIVEN BY NURSERIES WHEN ASKED WHY THEY WOULD NOT BE 
WILLI~G !0 TRY A SOLID WASTE COMPOST. 

---Response
Yes :-io 

X 

X 

X 

X 
? 
X 
? 

X 

X 
X 
X 
X 

X 
X 

? 

7 

Collllllent 

If no heavy metals 
No consumer demand or customer acceptance 
If baled like sphagnum could be easily sold 
No use, too small 
Don't want to change what works 
Local peat available and inexpensive 
Current mix works well' 
Concerned about finger injuries from glass 
Needs more. testing 
No need, use other materials 
!oxics, odor, amount needed 
~ould customer accept it? 
Haven't thought about using it 
Need more information 
Solid waste cleared only for grains, not 
vegetables 



Table 16. COMXE~~S GIVEN BY NURSERIES WHEN ASKED WHY !HEY WOULD NOT BE 
REGULAR USERS OF SOLID WASTE COMPOS!. 

--Response
Yes No 

X 
X 

X 
X 

X 

X 
X 
X 

X 

X 

X 

? 

X 

X 

X 
X 
X 

X 

X 

X 

X 
? 

X 

Comment 

Amount would depend on cost 
If it meets potting needs 
Our use is small, not sure about customers 
!lut only a small amount 
Amount depends on cost 
Possibly 
But not very much 
Not enough use, small operation 
Just depends 
Use local peat 
Would only use small amount if free 
Questions concerning heavy metals, taxies 
and salt content 
Only if suitable for container gro~ing 
Hard to say ho~ much 
Need more information 
No need, use other materials 
Transport would be a problem 
Amount depends on cost 
Taxies 
Amount depends on customer 
Have o~ peat supply - very cheap 
Amount depends on cost 
Transportation costs 
Cost and benefits are major factors. 1£ 
cost is low could topdress sandy areas 
If· right product available 
Don't use much 



!able 17. CO~E~S GIVEN BY GOLF COURSE SUPERINTENDENTS WHEN ASKED WHY THEY 
WOULD NOT BE WILLING TO TRY A SOLID WASTE COMPOST. 

-Response-' 
Yes ~o 

X 

X 

X 

X 
X 
X 
X 

X 
X 
X 
x 
X 
X 

X 

Comment 

Topdressing must be compatible with existing 
topsoil · 
Need to know more about nutrient value 
Aesthetic reasons 
Not enough experience or knowledge 
Low nitrogen content, hard on equipment 
No area for ~ompost 
With limited effort' 
Only in flower beds, not on greens 
Aesthetics, handling 
Limited applications 
Appearance 
Odors, handling 
No use on golf course 
Concern for heavy metals 
Not necessary in our work 



Table 18. CO~~iS GIVE~ BY GOLF-COURSE SUPERINTENDE~7S WHEN ASKED WHY 
THEY WOULD ~OT BE REGULAR USERS. OF SOLID WASTE COMPOST. 

--Response
Yes ~o 

? 

X 
X 

X 
X 
X 
X 

X 

? 

X 

X 
X 
X 

Comment 

Need more information on value and price 
Not enough use 
Not sure 
Limited application 
No application at golf course 
Public attitudes, nutrients too variable 
Would need to fulfill requirements and be 
competitively priced 
First would like to see it work on other 
courses 
Limited use 
Can't have glass in product 
use very little compost 
Only :!.f needed 
Low nutrient value 
Currently make O\rn so only suppl'emental 
For flower beds 



!able 19. CO~ENTS GIVE~ BY LANDSCAPE CONTRACTORS WHEN ASKED WHY THEY WOULD 
SOT BE WILLING TO TRY A SOLID WASTE COMPOST. 

--Response
Yes No 

X 

? 
X 
? 
X 
X 

? 

Comment 

If free of herbicides 
Odor, pH, organic matter content 
Lack of information 
No use 
No request for it 
£xper1ence W1th waste lime 
Depending on cost and ease of implementation 

Table 20. COMME~"TS GIVEN BY LANDSCAPE COh"rRACTORS WHEN ASKED WHY THEY 
WOULD NOT B£ REGULAR USERS OF SOLID WASTE COMPOST. 

---Response-
Yes No 

X 
X 

X 
X 
X 

X 
X 
X 

X 

X 

X. 
X 

Comment 

Depending on contract spec~fications 
Depends, only a small amount 
Use would be sporadic depending on project 
needs 
When will product be available 
~aunt depends on how product performs 
Cost a major factor in amount used 
Only for certain uses such as trees and 
shrubs-not on vegetables 
Wouldn't be regular, b~ggest use !s f~ll 
Have to see, cost a major factor 
Depending· on appeal to public 
Cost the -major consideration 
lf price were right (or free) 



table 21. CO~E~7S GIVEN BY PROFESSIONAL GROUNDSKEEPERS WHEN ASKED ~HY THEY 
~OL~D SOT BE REGULAR USERS OF SOLID WASTE COMPOST. 

-Response- Comment 
Yes So 

X Amount depending on cost 

Table 22. CO~~TS GIVEN BY PROFESSIONAL GROUNDSKEEPERS ~HEN ASKED wnY THEY 
~OULD NOT BE ~ILLING TO TRY A SOLID ~ASTE COMPOST. 

--Response
Yes :-<o 

X 

Comment 

If no odor 



Table 23. COXXE~~S GIVEN BY HOSPITAL GROUNDSKEEPERS WHEN ASKED IF THEY 
WOULD BE WILLING TO TRY A SOLID WASTE COMPOST. 

-Response-
Yes !'io 

? 

X 
X 

? ? 

Comment 

Don't know until tried 
Minimal interest 
Not needed 
Amount depends on cost, availability and 
transport 
Depends on many factors 

Table 24. COMME~TS GIVEN BY HOSPITAL GROUNDKEEPERS WHEN ASKED WHY THEY 
WOULD NOT BE REGULAR USERS OF SOLID WASTE COMPOST 

---Response Comment 
Yes No 

? 
X 
? 

Not neecieci 
Lioited use, lawn maintenance is contracted 
out 

;,,, 



!able ~5. CO~E~7S GIVEN BY CEMETERY GROUNDSKEEPERS WHEN ASKED IF THEY 
WOL~D BE WILLING TO TRY A SOLID WASTE COMPOS!. 

--Response
Yes No 

xaybe 

? 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

Comment 

We are a very small operation 
No room, appearance 
Nature of the business 
We like what we are using now 
Aesthetic reasons 
Have no need 
Tell me more 
Never use fertilizer or compost 
~e don't use this type of product 
Have no need at present 
Have no need 
Have own compost supply at no cost 
Have leaf mulch compost 
Questionable because of cost 
Can get free milk sludge 

Table 26. COMME~"!'S GIVEN BY CEMETERY GROUNDSKEEPERS WHEN ASKED WHY THEY 
WOULD NOT BE REGULAR USERS OF SOLID WASTE CD~OST. 

---Response--
Yes No 

X 
X 

X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

? ? 
X 

Comment 

But only our own material 
Possibly, if it works for soil mix prior to 
sodding 
Nature of the business 
Need to ~~ow more about solid waste 
Inconvenience 
Not interested in changing present 
procedures 
Not needed 
Use no chemicals other than the mortician 
uses 
Currently ·use compost for about 60% of needs 
Only if it is free 
Depending on cost 
Grass grows well without 2-~itions 
Don't use compost products 
No need at present time 
Have own compost supply 
!".ay try it 
Cost is i~por:ant 
Odor, low nutrient content 



Table 27. COMMENTS GIVEN BY GROUNDS & LAWN MAINTENANCE - UNSPECIFIED WHEN 
ASKED WHY THEY· WOULD NOT BE WILLING TO TRY A SOLID WASTE COMPOST. 

---Response 
Yes No 

X 

Comment 

Would liKe to try in ground cover beds 
Too much material needed to meet nutrient 
requirements 

Table 28. COXME:."TS GIVEN BY GROUNDS AND LAWN MAINTENANCE·- UNSPECIFIED WHEN 
ASKED WHY THEY WOULD NOT BE REGULAR USERS OF SOLID WASTE COMPOST. 

---Response
Yes No 

X 
X 

X 
X 

X 

Comment 

Keep checking, Milorganite is a good produc: 
Limited applications, only in gardens 
Probably limited usage, but are interested 
Volume too low to be regular, consistent 
user 
Inconvenience of handling 



!able 29. COMXENTS GIVEN BY ARBORISTS WHEN ASKED WHY THEY WOULD NOT BE 
WILLING TO TRY A SOLID WASTE COMPOST. 

--Response
Yes No 

X 

X 
X 

Comment 

No present use 
Not applicable 
Not pleasing to customers 
Not until- saw performance and had a need 
Only if it can be applied to existing trees 
and lawns 

!able 30. CO~E~iS GIVEN BY ARBORISTS WHEN ASKED WHY THEY WOULD NOT BE 
REGULAR USERS OF SOLID WASTE COMPOST. 

Response- Comment 
Yes No 

X 

X 

X 
X 

X 

No present use 
Not applicable 
Not pleasing to custome"s 
No seed for a lot of mate"ials 
Using county leaf compost 
Have own compost supply 



Table 31. COMME~S GIVEN BY SOD GRO"WERS WHEN ASKED WHY THEY WOULD NOT BE 
WILLING TO TRY A SOLID WASTE COMPOST. 

Response-
Yes So 

X 
X 

X 

Comment 

No need 
Use crop rotations to increase organic 
matter 
Need to know more 
Equipment and handling needs 

Table 32. COMME~7S GIVEN BY SOD GROWERS WHEN ASKED WHY THEY WOULD NOT BE 
REGULAR ·USERS. OF SOLID WASTE COMPOST. 

Response Co=ent 
Yes ~o 

X 
X 
X 
X 

Need more information 
No need 
Inconvenience of handling 
Have not yet had a need 
Equipment and handling needs 
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Table 33. ~~~BER ~~D PERCENTAGES OF RESPONDENTS 
INFOR.'iATION ON SOLID WASTE COMPOST. 

Would like more 
information 

Category N1.1111ber Percentage 

Parks - Public 
Agencies 52 57 

:.lurseries 45 78 

Golf Course 
Superintendents 32 67 

Landscape 
Contractors 32 80 

Professional 
Ground skee pers 7 88 

Hospital 
Groundskee pers 6 50 

Ce:1etery 
Ground skee pers 16 48 

Grounds & Lawn 
~lain tenanc:e -
unspecified 8 62 

Arborists 13 

Sod Growers 7 70 

• 1 1 
~-..-- CA1:.GORIES 206 64 

THAT WOULD LIKE MORE 

Do not want more 
information 

N1.1111ber Percentage 

13 14 

9 16 

9 19 

5 13 

12 

2 17 

10 30 

4 31 

5 63 

2 20 

60 19 



Table 34. ~~~BER AND PERCE~7AGE OF RESPONDENTS FROM SEVEN COUNTY 
METROPOLITAN AREA. 

Total Number Metro Area Res:eondents 
CAT! GORY of Respondents Number Percentage 

Parks - Public 91 60 66 
Agencies 

!olurseries 58 27 47 

Golf C~urse 
Super1nte.ndents 48 24 50 

Landscape 
Contractors1 40 40 100 

Professional 
Groundskeepers 8 4 50 

Hospital 
Grounds keepers 12 9 75 

Cemetery 
Groundskeepers 32 10 31 

G ::o und s & La= 
~aintenance -
unspecified 13 11 85 

Arborists 8 6 75 

Sod Growers 10 5 50 

~..is cell aneous 19 10 53 

ALL CA.~.:.co;.r::s 339 206 61 

l,ul landscape contractors surveyed are located in 'IVin Cities !1e trO Area. 



Table 35. ~~~BER ~\~ PERCENTAGE OF METRO AREA RESPONDE~7S WILLING TO TRY A 
SOLID WASTE COMPOST. 

Willing to tr! Not villins to trv 
CATEGORY Number Percentage Number Percentage 

Parks - Public 
Agencies· 43 72 8 13 

Nurseries 22 81 4 15 

Golf Course 
Superintendents 10 42 12 so 

Landscape 
Contractors 33 83 4 10 

Professional 
Groundskeepers 3 75 25 

Hospital 
Grounds keepers 7 70 0 0 

Cemetery 
Grounds keepers 6 60 2 20 

Grounds & Lavn 
!'laintenance -
unspecified 9 82 2 18 

Arborists 3 50 1 17 

Sod Gro..,ers 2 40 2 40 

TOTALS 138 67 36 li 



table 36. SUMBER &~·PERCENTAGE OF METRO AREA RESPONDENTS BELIEVING THEY 
WOULD BE REGULAR USERS OF SOLID WASTE COMPOST. 

Would be a regular user Would not be a resular user 
CATEGORY Number Percentage Number Percentage 

Parks - Public 
Agencies 39 65 15 25 

:.lurseries 21 78 4 15 

Golf Course 
Superintendents 10 42 10 42 

Landscape 
Con:rac tors 33 83 5 13 

Professional 
Groundskeepers 3 75 25 

Hospital 
Grounds keepers 6 60 0 0 

Cemetery 
Grounds keepers 6 60 3 30 

Grounds & Lawn 
Maintenance -
unspecified 9 69 3 27 

Arbor!.sts 2 33 2 33 

Sod Growers 20 3 60 

TOTALS 130 63 46 22 
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Table 37. ESTIXATED ANNUAL SOLID WASTE COMPOST USE-METRO AREA RESPO~~ENTS. 

% Giving Amount in cubic vards 
CATEGORY Specific Amount Low High Average Category Total 

Parks - Public 
Agencies 42 1 35,000 1. 743 

(358)1 
43,596 

~urseries 41 10 3,500 649 
(403)1 

7,135 

Golf Course 
Superintendents 46 7 1,500 169 

(40)1 
1,864 

Landscape 
Contractors 50 (1 30,000 2,470 49,400 

(1021)1 
Professional 
Grou:-~d s keepers 100 20 60 48 190 

Hospi:al 
Grounciskeepers 40 2 50 21 85 

I 
Ceoetery 

Grounds keepers 20 24 25 25 49 

Grounds & Lavn 
!".a::.:-~ tenanc.e -
unspec::.f::.ed 27 4 400 123 490 

Arbor!.s:s 33 so 150 75 150 

Sod G:-owe:-s 20 2,000 2,000 2,000 2,000 

AC.L CA•:.GORIES 104,959 

!Average exclud::.ng highest and lowest values. 



' UNIVERSITY OF MINNESOTA ! 
TWIN CITIES 

Dear Sir or Madam: 

Soil Science Depanment 
6orlaug Hall 
1 991 Buford Circle 
St. Paul. M1nnesota 551 08 

December'S, 1986 

rn July of 1985, the University of Minnesota began work on a compost 
research project. The p~oject is a part·of state and local efforts to 
study anc develop waste management strategies for the future. Composting 
the organic or biodegradable portion of solid wastes (garbage) is an 
attractive option because a portion of waste is diverted from landfills 
and, at the same time, a useful product is created. 

~e need your help! 

We ask that you take a few minutes of your time to complete the enclosed 
ouestionnaire to help us gather information. This is an opportunity to 
express your opinions and to provide input into decisions that will lead to 
environmentally sound management practices. 

The production of high quality composts from solid wastes ~technically 
feasible and various studies have shown clear benefits from the use of 
compost products. However, the lack or uncertainty of proven uses remains 
a major obstacle to the development of compost operations~ It is for this 
reason that we are ·seeking your help. From your cornents we hope to gain a 
be:ter understanding of the conditions necessary to create a demand for 
cc~?OSt oroducts and be able to estimate the extent of interest. We want 
to know what would be needed to make you a regular and satisfied compost 
user. 

7he information provided by the questionnaire will play an important role. 
1n the market assessment done as a part of the Unive~sity project. It may 
also prove to be a useful tool for those decision makers that have the 
d1fficult task of selecting appropriate waste management practices for the 
fu~ure. ' 

~ pre-acdressed, stamped envelope is enclosed for returning the 
'cuestionnaire. 

If you have question's, please feel free to cr.ntact me at (612) 62~-2782. 
Your comments are encouraged. 

7hank you for your help. 



University of Minnesota Compost Information Questionnaire 

Type of operation or agency 

~:ursery 

?ark maintenance 
Highway maintenanc~ 
Golf course maintenance 

_ Groundskeeper 
_ Landscape contractor 
_ Sod production 

Lawn care 
_ Cemetary groundskeeper Arborist 

Private or Public operation ___ Other, please describe 

Cour.ty in which you are located 

?lease indicate the amount(s) and cost(s) of any of the following products 
~hat you purchase and/or use. 

?rodu::t Amount used annuallv Unit cost 

Topsoil 
Peat 
~anure 

Cor:;post 

~\ulches 

Otr.er soil amendments 
Other similar 

procuct(s), please 
describe 

~hen are the majority of products purchased? If possible, indicate 
~ercentage.of purchases for each season. 

Summer Fa l1 Winter :pring ----- ----- ------ -----
In what way(s) do you use the product(s)? 

Toodressing 
Soil amendment in beds 
As a fertilizer 
Mixed with existino soil 
or surface applied-before 
seeding 

Other (please explain): 

As a fill material 
Mulch for trees, shrubs, flowers,· etc. 
As a component of potting media - ' 
Mix··J with existing soil or surface 
ap~lied prior to sodding 

::es your organization currently stockpile or have the capability cf stock-
=~: ~r~ or st::.ring roa~erials such as those 1 is ted above? Yes No 
:ryes, what ouantity? 

~:es your or;anitation currently transport or have·the caoability of trans-
~=r~~ns mater~als such as :hose li~:ec above? Yes No 



In 
\ 

What would be your major interest(s) and concern(s) with the use of a solid 
waste product? Please rate each of the following on a 1 to 5 basis, where 
1 is important and 5 is unimportant. Also, if there is a specific level 
that you require for any of the parameters listed, please indicate that 
level in the space provided at the right. 

Important Unimportant Desired level 
or range 

Fertilizer value 1 2 3 4 5 

Weight 1 2 3 4 5 

Size of granules 1 2 3 4 5 

Water holding ability 1 2 3 !, 5 

Organic matter content 1 2 3 4 5 

pH 1 2 3 4 5 

Odors 1 2 3 4 5 

·Ease of handling/equipment needed 1 2 3 4 5 

Cost 1 2 3 4 5 

Avzilzbil ity 1 2 3 4 5 

Other (specify) 1 2 J 4 5 

Based on your experience and knowledge, would you be willing to try a solid 

waste compost? Yes No . --
If not, please give your major reason(s) 

If e 
~h2.": 

consistent, reliable source of compost were available do you believe 
you would be a regular user? Yes No __ 

!f ~o. please give your major reason(s) 

If yes, could you speculate on the amount that you would use annually? 

J..re you interested in more information about solid waste compost? 
Yes No 

;..ddi tiona 1 comments 

~ould you like to recieve a copy of the survey results? If yes, please 
indioate so and provide your name and address below. 

~lar.e/Fi r.n Name 



COMPOST INFORMATION SHEET 

::t-:Ai iS COMPOST 

s~oadly defined, compost is the product created by the biological 
decomposition of organic matter. For the purpose of this questionnaire and 
the University of Minnesota project, compost refers to the product created 
by the biological decomposition of solid waste materials such as household 
;arbage, leaves, and grass clippings. · 

Solid waste comoosting usually involves one or several waste processing 
s:e~s that remove large and recyclable objects and shred the material into 
s~aller uniformly sized segments to increase the efficiency of 
cecomposition. Manure, sewage sludge or other nitrogen-rich materials may 
also be added. It is often necessary to add water to bring the moisture 
con:ent to a desirable level. 

These s~eos are essentially a process of creating a sui~able environment 
for microbial activity. The mixed mass of material is then allowed to 
"compost" for several weeks. Oxygen is supplied by turning or forcing air 
through piles of the material. · 

7he microbial activity generates considerable heat. Temperatures ranging 
up to 150°F-occur at different.stages of the composting process. The heat 
is effective in reducing pathogenic organisms and killing weed seeds. 

~hen oroperly oroduced, compost will be a dark colored, highly organic,· 
cr~~bly material with what is sometimes described as·an ''earthy" odor. 
Decending on the initial materials used and the degree of processing 
(shredding, screening and separating), compost may contain small fragmen~s 
of ~lass ard/or plastics. 

ihe ~utr1ent contents vary somewhat depending upon the types of feed 
~aterials and the composting process b~t nitrogen, phosphor~s and potassium 
contents are aimost always quite low compared :o conventional fertilizer 
iO:cterials. Typical reported' nitrogen concentrations are usua11y less than 
2.C~. Phosphorus and potassium concentrations are co~only less than 1.0~ 
e:ch. Consideration must also be given to the fact that a large percentage 
of the n:.:trients may not be readily available to growing plants. 1n 
sit:.:a:ions where slowly available forms of nutrients are desired, this 
ch:rac:eristic may be an advantage~ Compost is well recognized as a soil 
erenc~ent or conditioner. Due to its hioh oroanic matter content, compost 
hcs the abili~y to.:ondition soil in ways that can directly and indirectly 
i;cpro•1e plant gro• \.h. Some of these are mentioned on the reverse side. 

; :· 



u7ILIZATION OF WASTE COMPOSTS IN NURSERY CONTAINER MEDIA 

FOR THE PRODUCTION OF WOODY 0~~&~~7ALS 

Tnis project vas su?ported by the Legislative Commission 
on ~!innesota Resources and the !1etropolitan Council of 
:he ~in Ci:ies Area. 



Introduction 

Utilization of Waste Composts in Nursery Container 
Media for Production of Woody Ornamentals 

~uch of the research that has been conducted on use of composts has 
focused on application to agricultural lands as a soil amendment. Horticul
tural industries also represent a significant portion of the demand for soil 
amendments. Co~ercial nurseries in particular are large consumers of 
organic soil amendments such as peat, manures, and other locally produced 
organic wastes. These materials are used as components of media for produc
tion of container grown plants. High priority is placed on local avail
ability of product in order to minimize transportation costs. Nurseries have 
the potential to use large amounts of solid waste composts if they prove 
suitable for their needs. 

When used as a portion of the media, waste composts have the potential 
to enhance both the physical and chemical qualities of container media. The 
purpose of this research was to evaluate the feasibilty of utilizing waste 
composts as replacements for organic amendments currently in use in container 
media for nursery production. 

Obiective 

The objective of this study was to compare media containing composted 
and uncomposted waste with media containing peat and manure in terms of 
physical and chemical characteristics, and effects on plant gro~h. 

~terials and Methods 

Container growth media were prepared using varying amounts of hypnum or 
sphagnum peat, rotted animal manure, paunch manure, turkey manure compost, 
horse manure and cornstalk compost, municipal waste co-compost ( Loc!i, 
Wisconsin), and an uncomposted organic fraction from a refuse derived fuel 
(RDF) process (Thief River Falls, Hn). Other materials usee! in the media 
included wood cr~ps, soil, and sand (Table 1). Fertilizers were incorporated 
into selected mixes. 

Rooted cuttings of three deciduous and three coniferous species (Table 
2) were potted into one gallon containers in May, 1986. Half of the plants 
were grown in the TRE Nursery on the St. Paul campus (Figure 1). The other 
half were grown in the container field at Bailey's Nursery in Newport. The 
plants were over~intered (1986-87) in the respective nurseries under a 
plastic/straw/plastic sandwich. 

Samples of all media were chemically analyzed at the time of potting,_ 
after four and sixteen weeks of gro~h, and after one year of growth. 
Chemical analysis included determination of· pH, soluble salts, nitrate 
r.itrogen, a.=onium nitrogen, available pt.osphorus, potassium, calciu:n, and 
magnesium. Bulk density, porosity, available water holding capacity, and 
hydraulic conductivity were determined for all media from samples collected 
at the time of potting. 

The plants were monitored for bud break throughout the first month after 
potting. Mortality was recorded after one month, and throughout the summer 
as it occurred. Data was also collected on weed gro~h in each media •. 
~uantitative and qualitative growth measurements were taken after eight and 

.. , 
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sixteen weeks of growth in the first year, and after ·ten weeks of growth in 
the second vear. Tissue samples were collected from plants grown in mixes 
containing ~aterial from Lodi and Thief River Falls in September, 1986 for 
determination of heavy metal concentrations. Final data collection will be 
completed in July, 1987. 

Results and Discussion 

Final data analysis is incomplete at this time. The results and 
discussion which follow are based on data collected through September,-1986. 

Chemical properties 

The additlon of waste and manure composts to a growing medium tended to 
ra!se the pH of the medium. The initial pH was as high as 7.2 in certain of 
the compost amended media; these-values rose to 7.6 by the end of the first 
season. Increases in pH occurred in all media over the course of the season 
and were attributed to the alkalinity of the Twin Cities water supply (pH 
a pproxim'a tely 8) which was used for irrigation. Since nutrient availability 
i£ directly related to pH level, maintenance of proper media pH is essential 
to producing high quality plants. Although preferred pH ranges vary between 
species, the optimum media pH for many plants is around 6.5. Media pH can be 
altered and is generally adjusted prior to planting. 

The addition of waste an·d manure composts and RDF material all increased 
the soluble salts content of the media. ln some cases levels present in the 
media were sufficient to cause death of the plants. Soluble salt levels in 
all media were leached down to satisfactory levels within a month through 
rainfall and normal watering practices, and no further problems were ob
served. This suggests that media containing certain waste composts may have 
to be leached prior to planting. 

Potassium and phosphorus levels were increased by the addition of manure 
compost to a medium. Lodi compost and RDF material also" contribut_ed small 
~aunts of potassium. Ammonium nitrogen 'levels were not appreciably in
creased by the addition ·of any of the materials evaluated. Nitrate nitrogen 
levels were inc~eased by the addition of manure composts and Lodi compost. 
lr.itial nitrate levels were substantially above those needed to support 
growth, but these levels were reduced by normal leaching.within the first 
month and remained at acceptable levels thereafter. 

Physical properties 

7he physical properties that are of most importance in container media 
are bulk density, available water holding :capacity, hydranlic conductivity, 
and porosity (Table 3). One of the functions of o·rganic amendments in 
container media is to modify these characteristics so that the media retains 
adequate ~aunts of air and water and is not excessively heavy. 

Bulk density of .the media was generally related to the percentage of 
o~ganic catter present, regardless of origin. Increasing amounts of organic 
oat:er resulted in lower bulk density values (that is, the mixture weighed 
less per unit vol=e). 

7he addition of cocpost to a medium appeared to ·increase available water 
holdir~ capacity. This was most evident with the manure composts, but_was 
a:so observed in the Lodi compost and the RDF material. The presence of 



manure compost resulted in large increases in the hydraulic conductivity of 
the media,·while the presence of Lodi compost or soil decreased the hydraulic 
conductivity. -The hydraulic conductivit.y of all mixes was satisfactory by 
container media standards. 

Total porosity was increased by the presence of compost, but air-filled 
porosity was often decreased as compared with other media which did not 
contain compost. This quality is not desirable, since plant roots need 
oxygen and excessive water-filled pore space decreases aeration in the 
container. 

Effects on Plant Growth 

Quantitative differences in plant growth in the first year were clearly 
related to fertilizer trea~ents (Figure 2). In all species, maximum amounts•· 
of growth were observed in media containing supplemental fertilizer. The 
importance of providing adequate fertiiity is illustrated by· the fact that 
the presence of fertilizer tended to mask other shortcomings of any given 
medi u:n. 

Qual:ty of growth was best for those plants which rece:ved fertilizer 
treatments (Figure 3). However, media pH was also related to plant quality. 
The mixes which produced the poorest quality of growth were also the ones 
w:th the highest pHs at the end of the first season. This is partially due 
to deficiency of essential nutrients which occurs at high pHs. Since 
mortality is reflected in the quality rating, mixes which produced high 
mortality also had low quality ratings. 

First year mortality of plants in the study was almost ~otally at
tributable to the initial presence of high soluble salts in some media 
(Figure 4). Of the 33 dead plants, 29 died ~ithin the first month. Two 
thirds of the dead plants were of one variety, R!bes alninum (alpine cur
rant), which is particularly sensitive to salts~ the time the plants were 
removed from their winter covering in April, 1987 no losses due to ~~nter 
:..nj ury were observed. 

Species sensitivity to differences in media was apparent in the first 
year of observation. Responses varied from tne fai~ly -uniform growth 
regarcless of m.edia characteristics, exhibited by Potentilla fruticosa 
1 .Jack::Janni 1 (Jack::lanni potentilla), to the extreme sens::.t~vity of the Ribes 
al?inum. It is anticipated that some differences in media preference wrrr-be 
ooserved between the oeciduous and evergreen species as well. 

!-fetal Uptake 

Leaf samples of both deciduous and coniferous species were analyzed for 
c!ssue concentrations of metals, including alu:n:!.nu:n, boron, cadmium, 
chro~i~, lead, nickel, and zinc (!able 4). There were no differences in 
tissue concentrations of aluminum, cadmium, chromium, lead;or nickel between 
plants grown in media containing Lodi compost or RDF material and plants 
grown in a control mix without compost. Plants grown in mett:\a containing 
Led:!. compost contained higher levels of boron chan plants g•own in either RDF 
~aterial or the control mix. Zinc levels were higher in plants grown in Lodi 
compost and in RDF material than for plants grown in the control mix. 
Although these differences were statistically significant, levels of boron 
and zinc in all plants were well within the normal ranges for concentrations 
of these eleme~ts :!.n plant tissues as cited in the ava!lable literature. 
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C.::>ncl us ion 

First year results of this study suggest that composted waste materials 
can provide some desirable qualities to container media. Among these are 
decreased bulk density, increased water holding ability, and increased 
porosity. However, careful attention must be paid to managing negative 
aspects such as high soluble salts and nitrates, high pH, and the tendency 
for some materials to reduce aeration in the container. These problems are 
not unlike those encountered with other organic soil amendments. Specific 
recocmendations for avoiding problems with these materials will be included 
in the final report. 
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Table 2. Species List 

1. Sea green juniper (Juniperus chinensis ·sea green·) 

2. Webberi juniper (Juniperus horizontalis ·webberi·) 

3. Pyramidal arbor vitae (Thuja occidentalis pvramidalis 
·Emerald Queen~) 

4. Jackmanni potentilla (Potentilla fruticosa ·Jackmanni·) 

5. .~pine currant (~ aloinum) 

6. Variegated dogwood (Cornus elegantissima) 



!: ' 

Table 3. Physical Properties of Container Media 

.Bulk Available Hydraulic Total Water · Air 
!i!.x Density Water Capacity Conductivity Porosity Filled Filled 

(% by (% of (%. of 
( g/ cm3) (% by volume) (cm/hr) volume) total) total) 

---- ----
• 58 13.9 33.6 34.7 55.2 1.1..8 

2 • 62 12.0 69.6 29.9 42.8 57.2 

3 • 76 3.8 64.8 36.8 57.0 43.0 

4 .38 11..0 109.2 33.6 54.7 45.3 

5 .36 8.3 88.2 1.7.9 66.5 33.5 

6 .79 2.4 28.8 39.2 62.4 37.6 

7 • 80 7. 1 33.6 36.0 63.3 36.7 

8 .78 6.4 84.6 33.4 50.6 1.9.4 

9 .78 3.4 1.6.8 36.8 66.9 33. 1 

10 .71 3. 6 58.2 1.1.1 62.4 37.6 

11 • 58 9.7 52.8 43.5 64. 6 35.1. 

12 .78 6.9 25.2 30.3 58.9 41. 1 

13 • 7 2 1 o. 0 21.6 



Table 4. Metals Concentrations in Leaf Tissue 

Species: Potentilla fruticosa "Jackmanni" 

ppm of metal (dry weight) 
----- ---- --

Xix Al B Cd Cr Cu Ni Pb Zn 
-------

3 (control) 271 49 • 53 .47 29 .57 .93 51 

9 (Lod:.) . 271 46 • 17 .40 26 .33 l. 90 61 

10 ( RDF) 297 50 .47 .37 26 • 17 1. 20 45 

Species: JuniPerus horizontalis "Webberi" 

ppm of metal (dry weight) 

Al B Cd Cr Cu Ni Pb Zn 

3 (control) 215 26 • 13 .40 13 .27 • 00 32 

9 (Lodi) 223 44 .20 • 50 11 .33 • 00 37 

JO (RDF) 260 25 .03 .so 12 .13 .00 36 
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ATTACHMENT J 

PERFO~~NCE OF SOLID WASTE COMPOSTS AS AIDS IN 

ESTABLISHING VEGETATION ON A MARGINAL SOIL 

This project was supported by the Legislative 
Co~ission on ~nnesota Resources and the 
~etropolitan Council of the !;;in Cities Area 



INTRODUCTION 

Roadsides, parklands, and soils requiring reclamation are often cited as 
appropriate areas for the use of composted waste products. Factors which 
contribute to the attractiveness of these options include: 

1. The soils are often low in organic matter, highly compacted and in need 
of modification. 

2. Food chain crops are not grown on these areas, thus there is less 
concern with potential contamination. 

3. lt may be possible to use large volumes of mate'rial at an individual 
site when compost is used as an amendment to or partial replacement for 
topsoil. 

4. The sites are often located in or near metropolitan areas where 
transport costs would be low as compared to using compost on agricul
tural land. 

In addition to these factors, in May of 1985 an executive order was issued by 
the Governor which directs public agencies_ to evaluate the use of compost and 
to give preference to the use of such materials if opportunities exist and if 
the materials meet specifications and are competitively priced. 

Discussions concerning potential users of composted waste products have 
almost always included reference to the Minnesota Department of Transporta
tion ( MnDOT). It is often pointed out that the agency purchases large 
quantities of topsoil and peat for use on construction projects and that 
these materials ~ight be replaced with compost products. This is certainly 
an over simplification which does not take into consideration HnDOT specifi
cations for groW:.ng materials, the contractual nature of work performed and 
materials purchased for a large portion of highway construction, or equipment 
and handling variables in using a new material. However, it is true that 
very large quantities of topsoil, peat, and mulch are used annually by the 
Departm.ent. In 1985 for example, 120,000 cubic yards of topsoil_ vere used on 
~DOT projects. The aver age ·cost was about S 7. 00 per cubic yard vhich 
included delivery and placement. If compost could be shown to serve as a 
suitable replacement, partial replacement, or amendment for one or more of 
tnese materials ::.t is conceivable that MnDOT could' be a large consumer of 
compost products. 

OBJECTIVES 

This study, was undertaken in cooperation with the Minnesota Department of 
Transportation to evaluate the perforcance of solid waste composts as aids in 
establishing vegetation on a marginal soil along a highway right-of-way. 
Specific objectives ~nclude: 

1. Observe the plant performance of a standard highway seed ~ix on a 
compost amended soil. 

2. Dete~=~ne changes in soil properties as a result of compost adc~tion. 



3. Decermine plant uptake of trace metals from compost~amended soil as 
compared to non amended soil. 

MATERIALS AND METHODS 

The experimental site is located in Coon Rapids in the median area of State 
H!ghway 10. The soil type is a Sartell fine sand (mixed, frigid, Typic 
!Jd!psamment). Slope is D - 2 percent. The site has no recent fertilizer 
history. A composite soil sample (0 - 6" depth) was collected on September 
26, 1986 prior to site preparation. Soil pH was 6.0, Brays phosphorus 103 
pounds-per acre, and potassium 99 pounds per acre. Organic matter level was 
low at 1.8 percent. The soluble salt level was 0.2 mmhos/cm. 

Original vegetation at the site ·was sparse and consisted primarily of 
bromegrass, crabgrass, and artemesia. This vegetation was destroyed so that 
the experiment could be initiaced on a barren soil. Roundup was applied on 
Septe::Jber 23 and again on October 1. Persistent broadleaves were spot 
treated with Trimec on October 8. On October 15 the entire area was roco
tilled to a deprh of six inches. 

The plot layout (Figure 1) consiscs of a randomized block design. Individual 
plocs are five by ten feet. Compost (Table 1) was applied and incorporated on 
October 16. Three different compost· types are included in the study: a solid 
~aste compost, a yard waste compost and a composted turkey manure. Each 
macerial was spread at thicknesses of 0.5, 1.0, or 1.5 inches (Table 2). 
Treatments were replicated three times. 

The experiment was dormant seeded on November 19 with highway mixture Number 
5 (Table 3) at a rate equal to 50 pounds per acre according to MnDOT 
specifications.· The seed was bulked with approximately 15 pounds of !".ilor
ganite and applied ~~th a broadcast spreader over the entire test area. 
A non-woven polypropylene fabric cover was placed over t~ area and secured 
with wire staples to protect the seeding over the winter. 

The site was checked at approxioately two ."'eek intervals over the -..:inter 
~onths. There was a lack of any significant snowfall throughout the entire 
;.·inter. Because of this, the fabric was never securely weighted down as had 
been expecced and was subjected co blowing winds. On several occasions, 
portions of the cover had been blown off - particularly on the east one
third of the test area. This became especially problematic in the spring 
after the soil had thawed. The very sandy soil at the site provided very 
poor anchorage for the wire staples. 

Beg:nn:ng ~.arch 15, the site was checked at approx:Oately five day intervals. 
The cover was consistently blown off sections of the test area, the soil was 
extre::Jely dry due to a lack of precipitation, and the surface showed evidence 
of scouring by the wind. 'Weeds began to geminate in _mir:·April. Observa
tions were made on the types and distribution of weeds. There were some 
:solated spots where weed gro~h was most pronounced. However there was no 
:el~tionship bet~een those spots and the different treatments. The predomin
ant weed species were lambsquarter, wooly alyss.\.Cl, barnyard grass, and rough 
?:.gweed. 



By the tenth of May, weeds· were becoming well established and there was still 
no apparent germination of the ~eeded species. It was concluded that the 
seed had been lost and a decision was made to reseed the site. 

On Xay 21, the site was prepared for reseeding. Weeds were hand pulled to 
prevent mixing of soils and composts amongst the different treatments. 12-
12-12 (N-P-K) fertilizer was hand broadcast on the controls at a rate of 500 
pounds per acre. The entire surface was scarified with a power rake and then 
reseeded using the same rate and methods as the initial' seeding except that 
the cover was not applied and the surface was firmed using a lawn roller. 

Germination at the site was first noted on June 1. At that time there were 
no obvious differences between treatments. 

weed growth and exceptionally hot, dry weather have continued to be problems 
at the site. On June l4 a decision was made to apply water to the site. 
watering has been scheduled in an effort to simulate normal spring precipita
tion and to prevent total loss of the study rather than to create an artifi
cial, irrigated situation. 

Observations have continued at approximately three to four day intervals and 
will be carried out throughout the summer and fall of 1987 and, if necessary, 
into the 1988 growing season. Yield data and tissue samples will be col
lected when vegetation has become well established. Final results and 
discussion will be prepared at that time. 



Table 1. Compostion of Composts 

Characteristic 

Sol ids 
Carbon 
Nitrogen 
Phosphorus. 
Potassium 

Cal ci u:n 
~tagnesiu:n 

Sodium 
Iron 
Al=inum 

~anganese 

Zinc 
Copper 
Lead 

Chro::~ium 

:-iickel 
Boron 
Cadmi= 

pH ( 1 : l ) 
Elec::-:..cal 

Yard Waste 

67.7 
24.4 

1. 09 
0.18 
0.40 

4.77 
l. 29 
0.02 
0.41 
. o. 17 

Compost Tvoe 

Solid Waste 

61.7 
18. 9 ... 

1.36 
0.36 
0.86 

5. 91 
0.31 
0.43 
0.76 
1. 18 

Turkey Manure 

43.5 . 
20.3 

1.88 
2.33 
l. 41 

5.04 
1.13 
0.28 
0.31 
0.21 

-----------------------mg/kg------------------
696 372 756 
101 578 436 

27 .3.02. .87 
47 207 11 

6 
9 

62 
SD 

8.2 
0.8 

47 
29 
70 

3.3 

7.5 
3.5 

8 
13 
39 
0.5 

6.4 
10.0 

cond uc :ivi: y ( =ho/ C::l) 

:-/D • ~ot detected 



!able z. Compost Application Rates 

Compost Type Appplication Rate 
inches of material ,drv tons oer acre 

Yard waste 0.5 2{).3 
1. 0 40.6 
1. 5 60.9 

Solid "as te 0.5 2i.5 
1. 0 43.0 
1. 5 . 64.5 

!'ianure 0.5 15.3 
l. 0 30.6 
l. 5 45.9 



!able 3. Minnesota Department of Transportation 
Highway Mix ~umber s. 

Speci'es Percentage 

Park Kentucky Bluegrass (Poa pratensis) •••••••••••••••••• 40 

Smoo:h Brocegrass (Brom~s inermis) ••••••••••••.•••••••••• 14. 

Red Top ( Agrost.is alba) •••••••••••••••••••••••••••••• · ••••• 6 

T:::~othy (Phelum pratense) •••••••••••••••••••••••••• ~ •••••• a .. . .. . 

Perennial Ryegr~~~ ~~9+*~ perene) •••••••••••••••••.••••• 20 

-.Jh:te Clover (Tr~fqJ.~u::p repens) ••••••••••••••••••••••••.. ·.6 

B:rds Trefo:l, ~~p~r~ (~gtus corniculatus) •••••••••••••••• 6 



AT'IACHMENT K 

EVALUATION OF WASTE COMPOSTS AS COMPONEh7S 

OF MEDIA FOR GREENHOUSE PRODUCTION 

This projec~ was supported by ~he Legislative 
Commission on Minnesota Resources and the 
Me~ropoli~an Council of the Twin Cities Area 



Eval~ation of Waste Composts as Components 
of Media for Greenhouse Production 

Bedding plant production in Minnesota is currently a ten million dollar 
per year wholesale busines~. lndustry-~de, bedding plant production has 
been the steadiest, most consistently growing segment of the industry. 
Because of the large volume of this market and the steady demand for media, 
bedding plant producers may represent potential users of high quality 
composts. 

The objective of this research is to evaluate the feasibility of 
composts as components of greenhouse media for production of bedding plants. 
Specific questions being addressed are: 

Are composts feasible components of greenhouse media ? 

What is the optimum rate of compost to include in media ? 

How do the differences between composts influence their 
use in media ? 

What is the ability of compost to supply nutrients to 
plants within the time frame utilized for bedding plant 
production ? 

Three different composts are being used in this study: a whole waste 
stream compost produced by the in-vessel method in St. Cloud, Mn; a composted 
refuse derived fuel (RDF) process fraction produced in Thief River Falls, 
Mn.; and a poultry manure compost produced in Northfield, Mn. Tne latter two 
composts are both produced by the windrow method. 

In order to evaluate the responses of plants ~~th different nutrient 
requirements and tolerance to salts, three species are being used. Tnese are 
tomato (salt tolerant), snapdragon (salt sensitive), and zinnia (intermediate 
between the two). 

In the initial experiment, each compost was mixed ~~th a 1:1 wixture of 
peat and perlite at rates of 10, 20, 30, and 50% of the total wix. Plants 
were either seeded or transplanted i~to these wixtures and grown in the 
greenhouse (Figure 1). Based on gro~~h ciata collected at two week intervals, 

-dry weights collected at the end of the growth period, and toxicity and 
deficiency-symptoms, appropriate mixture ratios will be selected for each 
compost. Growth trials ~~11 then be conducted using different fertilizer 
treatments. Comparisons of rate and amount of growth, as well as tissue 
analysis to determine levels of plant nutrients present, ~~11 be used to 
evaluate the nutrient contributions of compost. to the media. Results of the 
first experiment indicate major differences in plant response to the various 

.media (Figure 2). 
This study will help to identify the appropriate uses of composts in 

greenhouse media, as well as to evaluate their potential as a nutrient source 
for rapidly growing plant species. 



Figure 1. 

Figure 2. 

· <n compost mixes in the Snapdragons grow~ng ~ 

greenhouse. 

Size differences in snapdragons gro~~ in control 
mixes and four rates of RDF compost. 
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COST ESTIMATES FOR FIVE DISPOSAL FACILITY MODELS 
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SOLID WASTE RULES PROGRAM SUMMARY 

STAFFING: 

THREE FULL-TIME PROFESSIONAL STAFF (ECONOMIST, ENGINEER, HYDROGEOLOGIST) ARE 

INVOLVED IN THE RULEMAKING PROCESS. ADDITIONAL STAFF WERE INITIALLY INVOLVED 

WITH, GENERALLY SPEAKING, THESE STAFF HAVING BEEN REASSIGNED TO WORK ON THE RULE 

DEVELOPMENT FROM SOLID WASTE AND OTHER PROGRAM IMPLEMENTATION AREAS. 

RULE PROCESS: 

THE RULE REVISION PROCESS IS PRESENTLY ENTERING ITS FOURTH YEAR. IT IS 

ANTICIPATED'FINAL RULES WILL BE ADOPTED IN THE SUMMER OF 1987. 

THE PROCESS HAS BEEN FOUR YEARS LONG DUE TO THE LENGTH AND COMPLEXITY OF THE 

RULES AND EFFORTS TO OBTAIN PUBLIC INPUT. THE RULE AMENDMENTS WERE DEVELOPED TO 

ADDRESS PERMIT, DESIGN AND OPERATIONAL CONCERNS AT MIXED MUNICIPAL SOLID WASTE 

LANDFILLS, DEMOLITION 'DEBRIS WASTE LANDFILLS, COMPOST FACILITIES, TRANSFER 

FACILITIES, REFUSE-DERIVED FUEL PROCESSING FACILITIES AND SOLID WASTE STORAGE. 

~I 
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HA' THE AMOUNT OF MATERIAL INCLUDED IN SUCH AN ALL-ENCOMPASSING SET OF RULES 

REQUIRES CONSIDERABLE TIME IN BACKGROUND RESEARCH, LANGUAGE DEVELOPMENT, AND 

DEFINING REGULATORY IMPACTS. 
,,_. 

'\;.~ 

!i~' PUBLIC INVOLVEMENT W.O.S CONSIDERED CRITICAL TO THE DEVELOPMENT OF THE RULE 

fl 
AMENDMENTS. PRIOR TO DRAFTING ANY LANGUAGE 15 MEETINGS WERE HELD IN 1983 TO 

DETERMINE WHAT WERE THE CONCERNS OF LOCAL GOVERNMENTAL OFFICIALS, THE SOLID 

WASTE INDUSTRY, AND OTHER INTERESTED PARTIES. DR.O.FT LANGUAGE WAS WRITTEN AND 

COMMENTS SOLICITED DURING 1984 AND 1985. EIGHT MEETINGS AROUND THE STATE WERE 

HELD ON THE FINANCIAL ASSURANCE SECTION OF THE RULES AND AN ADDITIONAL 18 

MEETINGS ON THE ENTIRE SET OF DR.O.FT RULES. BASED ON THE COMMENTS RECEIVED 

DURING THIS TIME REVISIONS WERE MADE TO THE DRAFT. IN 1986 THE REVISED DRAFT 

RULES WERE DISTRIBUTED FOR COMMENTS AND SIX MORE MEETINGS WERE HELD AROUND THE 

STATE TO EXPLAIN THESE REVISIONS. THE PROCESS OF ACCEPTING PUBLIC COMMENT AND 

MAKING REVISION TO ADDRESS THESE CONCERNS REQUIRES A SUBSTANTIAL COMMITMENT OF 

TIME AND STAFF RESOURCES TO THE RULEMAKING PROCESS. 
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RULE GOALS AND OBjECTIVES.: 

THE DOCUMENTATION OF GROUND WATER POLLUTION AT LANDFILLS DUE TO THE IMPROPER 

DISPOSAL OF HAZARDOUS WASTE AT SOME FACILITIES AND THE IMPROPER LOCATION OF 

OTHERS SHOWED THAT THE EXISTING RULES ARE INADEQUATE IN PROTECTING THE 

ENVIRONMENT. FEW EXISTING LANDFILLS WERE SITED OR CONSTRUCTED FOR CONTAINMENT 

OF LEACHATE. THE RESULTING GROUND WATER POLLUTION HAS BEGUN TO EXACT LARGE 

COSTS. THESE INCLUDE THE COSTS OF CONTAINING AND TREATING GROUND WATER, AND IN 

SOME CASES, PROVISION OF ALTERNATIVE WATER SUPPLIES AND REQUIRING THE 

INSTALLATION OF PUBLIC WATER SUPPLY SYSTEMS TO REPLACE PRIVATE WELLS. THE MOVE 

TOWARDS ALTERNATIVE WASTE MANAGEMENT SYSTEMS HAS REQUIRED THE DEVELOPMENT OF 

STANDARDS IN THESE AREAS ALSO. 

THE ULTIMATE GOAL OF THE RULE AMENDMENTS IS ADEQUATE PROTECTION OF THE 

ENVIRONMENT. THE NECESSITY FOR THE CONSTRUCTION OF LEACHATE CONTAINMENT AND 

TREATMENT SYSTEMS IS APPARENT AND IS ONE OF THE MAIN OBJECTIVES OF THE RULE 

REVISION PROCESS. THIS NEED ARISES BECAUSE: 
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- VOLATILE ORGANIC CHEMICALS HAVE BEEN FOUND IN DOWNGRADIENT WELLS AT 

60 OF 61 LANDFILLS TESTED • 

- OF 133 PERMITTED MIXED MUNICIPAL SOLID WASTE LANDFILLS: 

- 41 ARE ON THE STATE SUPERFUND LIST (7 MORE PROPOSED). 

- 8 ARE ON THE NATIONAL PRIORITIES LIST (4 MORE PROPOSED). 

ONE ADDITION.AL OBJECTIVE OF THE RULE REVISION PROCESS IS THE ESTABLISHMENT OF 

FINANCIAL ASSURANCE REQUIREMENTS FOR LANDFILL OWNERS. IN THE PAST, LANDFILL 

OPERATORS HAVE EITHER ABANDONED THE DISPOSAL SITE WITHOUT COMPLETING, AS A 

MINIMUM, CLOSURE ACTIVITIES OR HAVE NOT BEEN FINANCIALLY ABLE TO ENSURE PROPER 

CLOSURE AND POSTCLOSURE CARE AND ANY NECESSARY CONTINGENCY ACTION TO ADDRESS 

CONTAMINATION EVENTS. NO FUNDS WERE AVAILABLE TO COMPLETE THE ACTIVITIES NEEDED 

TO MINIMIZE ENVIRONMENTAL IMPACTS AFTER CLOSURE. THEREFORE, IT WAS NECESSARY TO 

REQUIRE THE ESTABLISHMENT OF FUNDS TO BE HELD IN TRUST BY A THIRD PARTY TO 

ENSURE CLOSURE, POSTCLOSURE AND CONTINGENCY ACTIONS WERE COMPLETED. THE 1984 
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STATE LEGISLATURE AGREED WITH THIS APPROACH, AND PASSED THE 1984 AMENDMENTS TO 

THE WASTE MANAGEMENT ACT REQUIRING FINANCIAL ASSURANCE. 

PROGRAM GOALS: 

UPON COMPLETING THE RULE REVISION PROCESS, THE MPCA INTENDS TO WORK WITH THE 

SOLID WASTE INDUSTRY IN THE DEVELOPMENT OF A PROGRAM THAT ADEQUATELY PROTECTS 

THE ENVIRONMENT. 

THROUGH THE PERMITTING PROCESS AND TECHNICAL ASSISTANCE, LANDFILLS WILL BE 

DESIGNED, CONSTRUCTED, AND OPERATED TO CONTAIN LEACHATE AND GAS MIGRATION. THE 

GROUND WATER MONITORING PROGRAM WILL PROVIDE FOR EARLY DETECTION OF ANY LEAKAGE 

FROM THE CONTAINMENT SYSTEM AND ALLOW FOR EARLY INITIATION OF CORRECTIVE ACTIONS 

AND ASSOCIATED COSTS. 

ADEQUATE RISK MANAGEMENT IS THE OVERRIDING PROGRAM GOAL. - R:SK MANAGEMENT CAN BE 

ACCOMPLISHED IN MANY WAYS: 

- ADEQUATE FINANCIAL MEANS FOR PROPER OPERATION; 
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- DESIGN AND CONSTRUCTION TO MINIMIZE POLLUTANT MOVEMENT INTO THE 

ENVIRONMENT; 

- ESTABLISHMENT OF PERFORMANCE STANDARDS FOR PROTECTION OF THE ENVIRONMENT; 

AND 

- THE USE OF ALTERNATIVE MANAGEMENT TECHNIQUES THAT HAVE LOW POTENTIAL FOR 

ENVIRONMENTAL IMPACTS. 

OPERATOR TRAINING AND PUBLIC EDUCATION ARE VITAL TO THE REALIZATION OF MINIMIZED 

ENVIRONMENTAL RISKS FROM SOLID WASTE MANAGEMENT. 

MAJOR RULE REOUIREMEh7S: 

FINANCIAL ASSURANCE: 

DEVELOPMENT OF CLOSURE, POSTCLOSURE CARE AND CONTINGENCY ACTION COST 

ESTIMATES BASED ON ASSOCIATED ENGINEERING PLANS; 

ESTIMATED COSTS FOR A ''TYPICAL" MINNESOTA LANDFILL WITH 25 ACRES OF FILL 

AREA WOULD BE SIMILAR TO: 



- CLOSURE 

- POSTCLOSURE 
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$292,000-$626,000 (MEMBRANE CAP TO CLAY 20 MILES 

AWAY). 

$18,300-$75,100/YR (NO LEACHATE COLLECTION TO 

LEACHATE COLLECTION). 

-CONTINGENCY ACTION $200,000-$2,101,993 CAPITAL COSTS 

(REMEDIAL INVESTIGATION TO ALTERNATIVE WATER 

SUPPLY) 

$2,000-$100,000/YR OPERATIONAL COSTS 

ESTABLISHMENT OF SET ASIDE FUNDS SECURED BY A THIRD PARTY AND NAMING MPCA 

AS BENEFICIARY. 

- 6 MONTP.S AFTER RULES EFFECTIVE FOR FACILITIES WITH MORE THAN 

5 YEARS OR 500,000 CUBIC YARDS REMAINING CAPACITY. 
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. ' 

- 12 MONTHS FOR ALL OTHER FACILITIES. 

FIRST PAYMENT INTO FUNDS FOR ALL FACILITIES 12 MONTHS AFTER RULES EFFECTIVE. 

ESTABLISHMENT OF 3 ACCEPTABLE FINANCIAL INSTRUMENTS: TRUST FUNDS, SURETY 

BONDS AND LETTERS OF CREDIT. 

ESTABLISHMENT OF AN ABILITY-TO-PAY TEST TO DETERMINE THE AFFORDABILITY OF 

THE FINANCIAL ASSURANCE REQUIREMENTS ON ANY ONE FACILITY OWNER. THE TEST IS 

BASED ON THE CASH FLOW ABILITIES OF PRIVATE SECTOR PERMITTEES AND THE PER 

CAPITA INCOME FOR PUBLIC SECTOR PERMITTEES. IF THE COST CANNOT BE MADE 

AFFORDABLE BY ADJUSTING THE PAY-IN PERIOD OR ANOTHER MEANS, THE RULES 

PROVIDE FOR CLOSURE OF THE LANDFILL. 

GROUND WATER MONITORING AND PERFORMANCE STANDARDS: 

ESTABLISHMENT OF GROUND WATER STANDARDS. 

- 25 PERCENT OF DRINKING WATER LIMITS. 



- ENFORCED AT COMPLIANCE BOUNDARY. 

INTERVENTION WHEN CONTAMINATION IS DETECTED, BEFORE STANDARDS ARE 

EXCEEDED. IF CONTAMINATION IS DETECTED, THE PERMITTEE MUST NOTIFY 

THE MPCA, EVALUATE THE NEED FOR IMMEDIATE RESAMPLING, EVALUATE THE 

NEED FOR IMPLEMENTING CONTINGENCY ACTION PLAN AND EVALUATE THE NEED 

TO MODIFY THE MONITORING SYSTEM INCLUDING NUMBER AND FREQUENCY OF 

POINTS SAMPLED. 

- EXISTING FACILITIES CAN DEVELOP A CASE FOR LESS RESTRICTIVE 

STANDARDS. 

ESTABLISHMENT OF COMPLIANCE BOUNDARIES. 

- SURROUNDS DISPOSAL AREA AND LEACHATE MANAGEMENT SYSTEM. 

- MAXIMUM DISTANCE OF 2DD FEET FROM WASTE BOUNDARY (POSSIBLY 500 FEET 

FOR EXI~TING FACILITIES). 

ESTABLISHMENT OF MONITORING PROGRAM. 

·.,. 
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- VOLATILE ORGANIC CHEMICALS MONITORED 3 TIMES EACH YEAR. 

- ADDITIONAL INORGANIC CHEMICALS MONITORED ONCE PER YEAR. 

- DETECTION MONITORING NEAR WASTE BOUNDARY; IF POLLUTANTS FOUND, 

PLUME IDENTIFICATION. 

- QUALITY ASSURANCE/QUALITY CONTROL FOR SAMPLING AND ANALYSES. 

LANDFILL DESIGN/CONSTRUCTION: 

ESTABLISHMENT OF MINIMUM LINER STANDARDS. 

- NO LINER REQUIRED ON VERTICAL EXPANSION. 

- LINER REQUIRED ON HORIZONTAL EXPANSION AND NEW SITES. EXISTING SITES 

MAY RECEIVE UP TO 18 MONTHS DELAY. 

- CONTAIN LEACHATE FOR COLLECTION AND TREATMENT. 

- COLLECTION LYSIMETER BELOW LINER TO MONITOR LINER INTEGRITY. 
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- THICKNESS (4 FEET CLAY, 60 MIL SYNTHETIC). 

- PERMEABILITY (1 x 10;.7 CM/SEC). THIS WOULD MEAN 39 YEARS FOR A DROP 

OF WATER TO MOVE THROUGH THE 4 FEET OF CLAY ON A THEORETICAL BASIS. 

THIS ASSUMES SATURATED FLOW AND NO NEGATIVE PRESSURES ACTING ON, THE 

WATER. UNDER REAL CONDITIONS, FLOW WOULD BE MUCH FASTER. 

ESTABLISHMENT OF COLLECTION/TREATMENT STANDARDS. 

- COLLECT 90 PERCENT OF PRECIPITATION INFILTRATION COVER. 

- OVERALL SYSTEM EFFICIENCY OF 98.5 PERCENT OF PRECIPITATION FALLING 

ON THE FILL AREA. 

- LEACHATE DETECT! ON SYSTEM. 

- COLLECTION CLEAN-OUT SYSTEM. 

- ON- OR OFF-SITE. TREATMENT SYSTEM COMPLY WITH NPDES DISCHARGE 

STANDARDS; . 
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ESTABLISHMENT OF MINIMUM FINAL COVER STANDARDS. 

- LESS STRINGENT STANDARDS FOR FACILITIES CLOSING WITHIN 18 MONTHS OF 

DATE RULES EFFECTIVE (LESS MATERIAL, LOWER SLOPES). 

- DRAIN OR RETAI~ 90 PERCENT OF PRECIPITATION FALLING ON SYSTEM. 

- BARRIER SYSTEM TO MINIMIZE INFILTRATION AND AMOUNT OF LEACHATE 

ULTIMATELY GENERATED. 

- BARRIER LAYER (24 INCHES CLAY, 30 MIL SY~THETIC); 

DRAINAGE LAYER (6 INCHES SAND); 

COVER LAYER (18 INCHES OF WHICH 6 INCHES I~ TOPSOIL). 

OTHER STANDARDS: 

- GAS DETECTION/VENTILATION STANDARDS. 

- CONSTRUCTION CERTIFICATION PROGRAM (DETAILED INSPECTION/DOCUMENTATION). 

- OPERATION. 
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- CLOSURE/POSTCLOSURE CARE/CONTINGENCY ACTION. 

- HYDROGEOLOGIC EVALUATION. 

- LOCATION. 

TIPPING FEES: 

EXISTING TIPPING FEES VARY FROM ZERO FOR COUNTY-OWNED LANDFILLS SUBSIDIZED BY 

PROPERTY TAXES TO A RANGE OF $1.50 to $10.00 PER CUBIC YARD AT FACILITIES USING 

A TIPPING FEE. 

BASED ON REVISED RULES, TIPPING FEES WOULD NEED TO INCREASE TO PROVIDE FOR 

CLOSURE/POSTCLOSURE CARE/CONTINGENCY COSTS AS WELL AS THE LINER/COVER DESIGN 

CHANGES AND MONITORING CHANGES. 

AS AN EXAMPLE, A 45-ACRE FILL AREA (ON A 100 ACRE PROPERTY) WOULD RESULT IN THE 

FOLLOWING TIPPING FEE (EXCLUDING PROFIT, LOCAL CHARGES). 
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COST 

I. CLOSURE (ASSUME ON-SITE CLAY) $ 1.178.260.00 

I I. POSTCLOSURE CARE (INCLUDES LEACHATE 
TREATMENT) $ 4,838,700.00* 

I II. CONTINGENCY ACTION CAPITAL $ 1,481,270.00 
OPERATION $ 1,291,020.00** 

IV. LINER/LEACHATE COLLECTION $ 5,072,800.00 

v. OPERATIONS (INCLUDES MONITORING, 
LEACHATE TREATMENT) $15.448,400.00*** 

VI. OTHER SITE CAPITAL COSTS (INCLUDES 
HYDROGEOLOGIC STUDY) $ 681.300.00 

TOTAL TIPPING FEE 

* ASSUMES 20-YEAR POSTCLOSURE CARE PERIOD @ $241,940/YR 
** ASSUMES 20-YEAR CONTINGENCY PERIOD @ $64,550/YR 

***ASSUMES 42-YEAR OPERATING LIFE@ $367,820/YR 

COST/Y03 

$ 0.46 

. $ 1.90 

$ 0.58 
$ 0.51 

$ 2.00 

$ 6.08 

$ 0.27 

$11.80/YD3 

THE FOLLOWING ASSUMPTIONS SHOULD BE RECOGNIZED IN EVALUATING THE TIPPING FEE OF 

$11.80/YD3: 

1. ASSUMES A NEW SITE WITH SUFFICIENT TIME TO COLLECT FUNDS. 

2. DOES NOT ACCOUNT FOR INFLATION. EARNINGS OF SET-ASIDE FUNDS. OR THE FACT 

THAT COSTS DECREASE OVER TIME DUE TO STABILIZATION OF THE FILL. 

3. CONTINGENCY ACTION COSTS ARE VERY SITE-SPECIFIC AND COULD COST CONSIDERABLY 

MORE THAN ESTIMATED. 
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4. COST ESTIMATES ARE BASED ON VALUES RECEIVED ON PROJECT BIDS AND ENGINEERING 

ESTIMATES. 

.. ' . 
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EXISTING LANDFILL A 

ORIGINALLY 20 ACRE FILL ON A 25 ACRE PARCEL. 

THE SITE HAS BEEN IN OPERATION 15 YEARS WITH 5. YEARS (121,000 YD3) REMAINING 
LIFE. 

THERE ARE 5 ACRES TO BE FILLED. 

FINAL COVER HAS BEEN PLACED ON 10 ACRES. 

TWO MONITORING WELLS EXIST AT THE SITE. 

I. CLOSURE (10-MILE HAUL) 

II. POSTCLOSURE CARE (INCLUDES LEACHATE 
TREATMENT} 

III. CONTINGENCY ACTION CAPITAL 
OPERATION 

IV. LINER/LEACHATE COLLECTION 

v. OPERATIONS (INCLUDES MONITORING, 
LEACHATE TREATMENT) 

VI. OTHER SITE CAPITAL COSTS (INCLUDES 
HYDROGEOLOGIC STUDY} 

COST 

$ 350,000.00 

$ 820,000.00* 

$ 1,481,000.00 
$ 1,291,000.00* 

$ 653,000.00 

$ 425,000.00 

$ 193,000.00 

TOTAL TIPPING FEE 

* ASSUMES POSTCLOSURE PERIOD Or 20 YEARS @ $41,000/YR 
CONTINGENCY PERIOD OF 20 YEARS @ $64,550/YR 

COST ;YD3 

$ 2.90 

$ 6.80 

$12.30 
$10.70 

$ 5.40 

$ 3.50 

$ 1.60 

$43.20/YD3 

THIS COST COULD BE REDUCED NOTICABLY IF A VARIANCE WERE GIVEN ON THE NEED FOR A 
LINER/LEACHATE COLLECTION SYSTEM. 

LANDFILL A ON A VOLUME BASIS WOULD REPRESENT EXISTING LANDFILLS SUCH AS: 
\ 

1. MAPLE 
2. FARIBAULT COUNTY 
3 . ROCK COUNTY 
4. RENVILLE COUNTY (ONLY ONE PROJECTED TO CLOSE IN ABOUT 5 YEARS) 
5. LINDALA 
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EXISTING LANDFILL B 
(•TYPICAL• MINNESOTA LANDFILL) 

ORIGINALLY 20 ACRE FILL AREA ON 25 ACRE PARCEL. 

OPERATING 15 YEARS REMAINING CAPACITY FOR 12 YEARS (356,400 YD3). 

ACCEPTS 29,000 YD3 EACH YEAR. 

THERE ARE 11 ACRES TO BE FILL ED. 

FINAL COVER PLACED ON 5 ACRES. 

T~O MONITORING WELLS EXIST AT SITE. 

I. CLOSURE (10-MI LE HAUL) 

II. POSTCLOSURE CARE (INCLUDES LEACHATE 
TREATMENT) 

III. CONTINGENCY ACTION 

IV. LINER/LEACHATE COLLECTION 

CAPITAL 
OPERATION 

V. OPERATIONS (INCLUDES MONITORING, 
LEACHATE TREATMENT) 

VI. OTHER CAPITAL COSTS (1 NCLUDES 
HYDROGEOLOGIC STUDY) 

COST 

$ 495,000.00 

$ 1,502,000.00* 

$ 1,481,000.00 
$'1,291,000.00* 

$ 1,534,000.00 

$ 1,619,760.00 

$ 221,000.00 

TOTAL TIPPING FEE 

* POSTCLOSURE PERIOD OF 20 YEARS @ $75,100/YR 
.CONTINGENCY PERIOD OF 20 YEARS @ $64,500/YR 

LANDFILL B ON A VOLUME BASIS WOULD REPRESENT LANDFILLS SUCH AS: 

1. I RON RANGE 
2. KORF BROTHERS-
3. RED WING 
4. KANABEC 
5. NORTHWOOD$ 

.. 

COST /YD3 

$ 1.39 

$ 4.21 

$ 4.20 
$ 3.62 

$ 4.30 

$ 4.54 

$ 0.62 

$23.00/YD3 
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EXISTING LANDFILL C 

ORIGINALLY 50 ACRE FILL ON 70 ACRE PARCEL. 

THE SITE HAS BEEN OPERATING 10 YEARS AND HAS 20 YEARS (1,411,700 YD3) OF 
REMAINING CAPACITY. 

THERE ARE 35 ACRES TO BE FILLED. 

FINAL COVER HAS BEEN PLACED ON 10 ACRES. 

THREE MONITORING WELLS EXIST AT SITE. 

I. CLOSURE (10-MILE HAUL) 

II. POSTCLOSURE CARE (INCLUDES LEACHATE 
TREATMENT) 

I I I. CONTINGENCY ACTION CAPITAL 
OPERATIUN 

IV. LINER/LEACHATE COLLECTIGN 

v. OPERATIONS (INCLUDES MONITORING, 
LEACHATE TREATMENT) 

VI. OTHER CAPITAL COSTS (INCLUDES 
HYDROGEOLOGIC STUDY) 

COST 

$ 1,307,000.00 

$ 3,856,000.00* 

$ 1,481,000.00 
$ 1,291,000.00* 

$ 5,639,000.00 

$ 6,329,600.00 

$ 257,000.00 

TOTAL TIPPING FEE 

* POSTCLOSURE PERIOD OF 20 YEARS @ $192,800/YR 
CONTINGENCY PERIOD OF 20 YEARS.@ $64,500/YR 

LANDFILL C ON A VOLUME BASIS WOULD REPRESENT LANDFILLS SUCH AS: 

1. POLK COUNTY 
2. LINDENFELSER 
3. GREATER MORRISON 
4. BECKER COUNTY 

COST/YD3 

$ 0.93 

$ 2.73 

$ 1.05 
$ 0.92 

$ 3.99 

$ 4. 48 

$ O.I8 

$14.28/YD3 



EXISTING LANDFILL D 

CAPACITY BASED ON CERTIFICATE OF NEED (CON). 

HAS BEEN OPERATING 10 YEARS RECEIVES CON FOR 10 YEARS. 

HAS FILLED 10 ACRES OF WHICH 5 ACRES HAS BEEN COVERED. 

WILL FILL 10 MORE ACRES DURING CON PERIOD. 

FILL CAPACITY FUR NEXT 10 YEARS EQUALS 242,000 

I. CLOSURE (10-MILE HAUL) 

II. POSTCLOSURE CARE (INCLUDES LEACHATE 
TREATMENT) 

II I. CONTINGENCY ACTION 

IV. LINER/LEACHATE COLLECTION 
(10-MI LES HAUL) 

CAPITAL 
OPERATION 

V. OPERATIONS (INCLUDES MONITORING, 
LEACHATE TREATMENT) 

VI. OTHER CAPITAL COSTS (INCLUDES 
HYDROGEOLOGIC STUDY) 

CUBIC YAROS. 

COST 

$ 508,900.00 

$ 1,334,000.00* 

$ 1,481,000.00 
$ 1,291,000.00* 

$ 1,169,000.0D 

$ 1,253,800.00 

$ 203,400.00 

TOTAL TIPPING FEE 

* POSTCLOSuRE CARE PERIOD OF 20 YEARS@ $66,700/YR 
CONTINGENCY ACTION PERIOD OF 20 YEARS @ $64,500/YR 

COST /Y03 

$ 2.10 

$ 5.51 

$ 6.12 
$ 5.33 

$ 4.83 

$ 5.18 

$ 0.84 

$29. 90!'i'D3 



SOLID WASTE OPERATOR T~AINING PROGRAM 

,,.,,, STAFFING: 

\CX~: 

.;.:iJ'' TWO FULL TIME PR.OFESSI0NAL STAFF TO ESTABLISH SEMINAR PROGRAM. 
·•.:.:.~. 

!i·V.' OTHER STAFF INVOLVEMENT FOR SEMINAR PRESENTATIONS AND TRAINING COURSES. 
(C~~: 

SUMMARY OF ACTIVITIES: 

CURRENT PROGRAM DIRECTED TOWARDS THE TRAINING OF LANDFILL OPERATORS IN THE 

PRINCIPLES AND OBJECTIVES GOVERNING ENVIRONMENTALLY-SOUND WASTE MANAGEMENT. 

THE OPERATORS ARE CERTIFIED BASED ON EXPERIENCE AND TRAINING RECEIVED. 

THREE 2i-DAY TRAINING COURSES ARE SPONSORED BY THE MINNESOTA POLLUTION CONTROL 

AGENCY (MPCA) ANNUALLY WITH ONE 2-DAY CONFERENCE FOR GENERAL DISCUSSIONS ON 

SOLID WASTE MANAGEMENT. 

UPON FINALIZATION OF THE SOLID WASTE RULE AMENDMENTS, THE TRAINING PROGRAM WILL 

BE EXPANDED TO INCLUDE OTHER MANAGEMENT FACILITIES SUCH AS COMPOST AND 

REFUSE-DERIVED FUEL PROCESSING FACILITIES. ADDITIONALLY, AS THE RULES WILL 
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REQUIRE THE OPERATORS' INCREASED AWARENESS OF INDUSTRIAL WASTE MANAGEMENT AND 

SUCH DESIGN FEATURES AS GAS AND LEACHATE COLLECTION SYSTEMS, THESE AREAS OF THE 

EXISTING TRAINING COURSES WILL BE EXPANDED. 

IOWA INVOLVEMENT: 

THE MPCA HAS ASSISTED IN THE PRESENTATION OF TRAINING COURSES TWICE IN IOWA FOR 

OPERATORS AND INSPECTORS. APPROXIMATELY 100 PERSONS RECEIVED TRAINING AT THESE 

COURSES. ABOUT A HALF DOZEN HAVE ALSO TAKEN THE MINNESOTA CERTIFICATION EXAM 

AND ARE CERTIFIED TO OPERATE LANDFILLS IN MINNESOTh. 

THE COURSES WERE HELD ON NOVEMBER 1-2, 1984 AND APRIL 15-16, 1986 AT FORT DODGE 

AND DES MOINES, IOWA, RESPECTIVELY. 

THE MPCA EXPECTS TO CONTINUE TO WORK WITH THE IOWA SOCIETY OF SOLID WASTE 

OPERATORS IN THE DEVELOPMENT OF THEIR TRAINING PROGRAM. 



FEATURE ARTICLE 

'mE ~ PCHrASTIIC AR> SDIJIATIOO 
K1EL ~53): 
A 'l'CXL ~ PCLIC! Alfi.YSIS 

carolyn I. Allm::ln 
Economics/Collections/Forecasting 
Special Taxes ~ion 

The Department of Revenue p.1rchased the 
Minnesota Forecasting and Sinulation 
nodel <MNFS53) in 1981 from Regional 
Economic Models Incorporated of Amherst, 
Massachusetts, a firm headed by George I. 
Treyz, professor of Economics at the 
University of Massachusetts. The purpose 
of this article is to acquaint our 
readers with the m:Xlel 's theoretical base 
a'1d its capability for policy analysis. 

The nodel divides Minnesota's economic 
activity into 53 sectors, 49 of them 
industrial (based on Standard Industrial 
Classifications), three of them 
govetrurent, and the farm sector. See 
Table 1 on page 4. 

The m:Xlel produces annual calendar year 
baseline forecasts for key economic 
indicators including enploynent, personal 
incO!l€ and gross state product to the 
year 1995. TheR, through the use of more 
than BOO regular policy variables and 58 
"translator" policy variables, it can . 
sinulate the effect of economic changes 
in the state. The difference between the 
control (baseline) forecast and the 
sinulation forecast is the irrpact on the 
economy· of the policy change. The 
control forecast, sinulation forecast, or 
the difference between the two can be 
printed at the request of the person 
running the sinulation. 

Under the terms 4f)f the annual contract 
which the Departrrent has with REloU, 
annual data updates, telephone-consulting 
services and new nodel develo~ts are 
received. New develo~ts expected 
later this summer include a forecast 
extension to the year 2035 and a 
capability to model U.S policy changes. 
The effect of these changes on the 
national economy can in tum be input to 
the Minnesota portion of the nodel, 
thereby sinulating the effect of a change 
in U.s. policy on Minnesota's economy. 

The model currently is run interactively 
on the University of Minnesota's -CYBER 
computer by Tax Research Division 
personnel, as well as by personnel in the 
Department of Trade and Economic 
Development, Department of Natural 
Resources, Pollution Control Agency, 
Housing Finance Agency and Senate 
Research. 

In the following sections of this 
article, the m:Xlel will be described in 
greater detail: its theoretibal 
foundation and data base in Section II, 
its m:Xleling and forecasting capabilities 
in Section III. Applications of the 
nodel in the Tax Research Division will 
be discussed in Section IV. An exanple 
will be presented in Section v. 

II. M.DEl.. DES:RIPITOO: '.ll1£'XI(ETICAL 
F'CXHlr\TIOO AID l.lM1\ BASE 

All of the regional nodels built by 
George Treyz and his associates have as 
their basis the TFS nodeling rrethodology 
(narred after its developers, George I. 
Treyz, Ann F. Friedlaender and Benjamin 
H. Stevens) • Treyz and Stevens explained 
the rrethodology in an article titled "The 
TFS Regional 1-bdeling Methodology" which 
appeared in Regional Studies in 1985 
(Vol. 19.6). Upcoming paragraphs in this 
section will draw from that article to 
summarize the methodology. 

The Treyz, Friedlaender, Stevens (TFS) 
regional (i.e. subnational) modeling 
approach represents an alternative to 
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S«lors Used in lh~ For«ulin~ and Simulation Mod~l 
TABLB 1 

MANUFACTURING 

I. O..nblr Coodt 

(I I lum~ and wood produc~ 

121 Furnitu~ and li•tun-, 

ljl S.o~. cby. and r;b~J produch 

1~1 Primary m~•f lndu•trln 

151 F•brit't~ m~t•l produch 

161 No~IKtriul mochin~') 

(71 [t<"Ctric and ~IKtronic tquipm~nt 

IBI Molor vdtk!.,. and njUipm~nt 

I'll Tran~portation tquipm~nt nc~f'l motor 

·~hid~ 

(IO) lnJ!ru~nts and ~l.otnf products 

1111 Mi~llann>uJ rnanufacruri"K lndustr~ 

2. Nondurablr Goods 

1121 Food and ~indr~ products 

(IJI Tnh.•rrn m•nulacturinn 

11~1 T~•til~ mill pro.JuctJ 

II~~ ,\pp.11~1 and other tutil~ produch 

{If.) P·~· •ntlallirtl product. 

fl71 l'rintinr; and put.li<hinl\ 

II~~ Ch~mic•IJ and •IIi~ pr.-.ducrs 

fl91 P,·trulrurn •nd cu.1l pruduct• 

1~01 Rubl:..-r and rnl~dlanfQus plastiC!! 

products 

1211l~•th~r and l~ath~r produ~rs 

PRIVATI: NONMANUFACTUIUNC 

l. Mlnlns 

122) Mining 

4. Conslrvdlon 

I2J) Construction 

J. Transport.itlon .tnd P'!~lc UIIIIIIH 

1241 Roil road tr•nsportolion 

1251 Trucki~ and wa"'housing . 

12M loco land int~rurban Po1•~nr;~r transit 

1271 Air transportation 

128) Oth~r transportarion •nd tran•portation 

~rvicn 

129) Communkation 

IJOI EIKirlc. ~as. and sanitary ..-rvicn 

'· Finan~. lnsunncr, and Rral Estatr 

011 llankif'g 

132) ln~uranc~ 

()JI Brok~u. cr~il. and oth~r invntm,·nt 

IJ~I n~~~ ~t•t~ 

7. R~lall Tradr 

()~) E.ttinl\ ond drinldnr; pl•c~ 

IJt.l Ot hn r~t • it t r ~d~ 

11. Wholualr Traclr 

07) Whnl~l(' tr•d., 

/ 'f!.- ~r;: t· 

'· ·s."kr' 
I Jill Horrls and otM'r lodr;ing pl.un 

(39) rrnonaland rrpalr !<'I'Yice 

1401 Privalt' houwholdt r 

(411 1\ulo rrpalr, trrvlce. and g•r.tt:n 

(421 Mi~ll.tnn>us butinns ..-rvkn 

(43) Amu5rmrnt and ft<:r~alion !<'rvicn 

IHI Motion pictunrt 

1·15) Mrdical and othrr hralth srr"Vkn 

1~6) ~a land mi!!ttllanrous ,.,len 

147) Priutr rduatlonal !lft"Vkrt 

(411) Nonprofit mrm~hip orsanl:r.ations 

1nd musrums 

111. Asrfcalhlnl Srnlcn, Foft9tty, Fhhrrfrt, 

1nd Oth~r 

H9l Ar;rlcultural K"krt. lorntry, frtht'Ti~. 

-nd oth~r 

GOVERNMENT 

11. Slolr and local 

(50) St~t~ 3nd local 

12. Frdrral, O•lll•n 

151) Frdnal. ch·llian 

U. Frdtrol, Mllll•ry 

1521 Frtl~ral, milila')' 

FAKM 

1C. , ..... 

(53) Farm 

_:~··f: ::~ ·- :-:::· 



constructing regional rrodels using 
traditional econometric procedures 
CTEP> • In the TFS awroach, a m:xlel 
structure based on economic theory is 
successively calibrated by using 
information from many sources and 
paraneter estimates at each step from 
studies that enconpass all regions. 
The use of a maintained structure and 
of large data sets yields econanetric 
response paraneters that are based on 
data for that region only. This makes 
the behaviorial characteristics of the 
trodel differ substantially from those 
of another region but it does not 
change the basic theoretical structure 
of the trodel from region to region. 

The TFS methodology follows the tradition 
of Conpu~le General Equilibrium m:xlels 
Unodels for which a solution can be 
calculated that si11llltaneously clears all 
of the product and labor markets) because 

Oul of area 
sales of 
loc:ll I outolll 

it is a structural nodel with explicit 
demand and suwly relationships for labor 
and product markets. It cortpJtes a 
simultaneous solution of over 1,000 
equations to determine cpantities and 
prices for all industries as well as 
wages and enployment for all occupations 
and industries. 

The major causal links in the II'Odel can 
be divided into three sets (depicted in 
Figures 1,2, and 3): 

1. Demand and &Ipply Linkages 
2. Cost Linkages 
3. Wage Detennination Linkages 

· In the diagrams, rectangles indicate 
exogenous variables (those whose values 
are generated outside the m:xlell , while 
ovals indicate endogenous variables 
(those whose values are determined by the 
trodel). 

Fis. 1. Dem•ru! ont! supply linlr.•geJ 
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Figure l presents the denand and suwly 
1 inkages within the nodel. . A change in 
SALES OF MINNES:IrA PlOXOD PIQ){.C'S 

<XJrSIDE OF MINNE:rom (represented by the 
rectangle in the upper left-hand comer) 
causes a change in ~ CX1rPUI' (local 
demand supplied locally + out-of-state 
denand suwlied locally>. The change in 
I.lX:liL OOTPUI' leads to changes in ~ 
(which affect consumer spending), 
ECONOMIC ACTIVITY (which. affects 
investment spending) and POPULATION 
(which will change goverilllelt spending). 
These changes affect I.lX:liL FINM. DEW>.ID 
(coopr ised of derrand for constmption, 
governnent spending and investnent) and 
'!UrAL r.o::AL OEMIW) Cinternediate derrand + 
final derrand). 

The change in I.LCAL CX1l'PUl' will stinulate 
production of the INI'ERMEDIATE inp.1ts 
required to produce that output. 

Non-lebour 
ta::tor costs 

The oval labeled •PI()IQRTION CF IJXAL 
FINI\L DEW.ID FULFILLID BY I.LCAL 001'POI"' 
indicates that changes in output for a 
particular product will change that 
industry's penetration of local markets, 
that is, the proJ?Ortion of local demand 
supplied locally. This proportion 
(called the REGIONAL PORCBASE 

<DEFFICIENI') has been derived for each 
irrlustry using data fran the 19n Census 
of Transportation on shiwing and data 
from County Business Patterns on 
enploynent . and wages. The nethodology 
used to estimate RPCs for the 
non-manufacturing industries is 
necessarily nore subjective based on 
assunptions regarding the prop:>rtion of 
within-state shipzents. The assunpt:ions 
and procedures followed are described in 
detail on page 555 of the TFS methodology 
article cited above. 

._.,lterial 
costs 

Minnesota Tax Ie?enue arXi Policy Review, July 1987 6 



Some examples of RPCs for specific 
iOOustries include the following. 

* For Medical Services (SIC 80) the RPC 
-= .940, meaning 94% of medical 
services demanded in Minnesota are 
suwlied by Minnesota coopanies. 

* For I.mrber and WOOd Products (SIC 24) . 
the RPC = .167. 

* For Food manufacturers (SIC 20) the 
RPC = .449. 

* The highest RPC = .966, for the Credit 
·and Finance sector (SIC 61,62 & 67). 

* The lowest is for Mining at .000. 

Figure 2 shows the cost linkages within 
the model. Again, a change in 
oUT-oF-MINNESOTA SALES OF MINNE~ 
Ot1I'POT causes changes in LOCAL 001'PUl' (as 
in Figure 1) • 

O:eupatoonal 

MINNESOrA ·flotPLOYMENl' is affected by I.OCAL 
Ot1I'POT required due to the change in 
sales. A change in WAGE or lOV-LAOOR 
factor costs (fuel or capital) leads to a 
substitution toward the factors of 
production that have experienCed a drop 
in costs relative to other factors. This 
nean5 that I.ABJR INmN:iiTY (labor used 
per unit of outp..~t>, will· change. A 
change in any cost will lead to a change 
in TOrAL PRDOCTION CX>S1'S which in turn 
affect MINNESOTA'S SHARE OF 
EXTRA--RfmONAL MARKETS. 

The following are examples of Minnesota's 
.costs relative to the nation for the 
construction sector in the last year of 
history. 

* Total production costs = .99755, 99.8% 
of the national average. 

* Labor costs = 1.02064, 2.06% greater 
than the national average. 

s:k.ill recuirementi 
by incustry 

01her 
loelcrs 
inlluen:ing 
wape chanpes 
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* Fuel costs = .83223, 83.2% of the 
national average. 

* capital costs = 1.00159, less than l% 
above the national average. 

* Intecmediate illp..tt costs (from other 
industries) = .98356,· 98.4% of the 
national average. 

* Labor intensity = .98681, less labor 
required per unit of outp..tt than in 
the U.S. on average. 

Figure 3 gives . an overview of wage 
determination linkages in the m::xlel. A 
change in EMPWYMENl' BY IIDUSI'RY is 
converted to cl)anges in I..AOOR DEMAID BY 
cxx:uPATION using the "occupational skills 
by industry rratrix" based on the 1978 
Bureau of Labor Statistics 1 CCcupational 
Eirployrrent System (OES) rratrix. Changes 
in I..AOOR DEMAND BY cxx:uPATION lead to 
rnAN::;ES IN WAGE RATES BY cxx:uPATION which 
(!.re converted to CHAN:iES IN WAGE RATES BY · 
INXJSI'RY using the sarre rratrix. 

Another causal link, a change in 
FOPULATION, is initiated when a change in 
EMPWYMENl' BY IIDUSI'RY occurs. Increased 
errployment leads to an increase in 
pop..tlation due to in-migration based on 
better economic conditions in Minnesota 
relative to the rest of the U.S. 'This, 
in turn, affects labor supply. A 
pop..tlation increase danpens the effect of 
increased demand for labor on wage rates. 

CHAN:iES IN WAGE RATES BY IIDUSTRY are a 
function of the change in local wages for 
each occupation and the ProPORTION OF 
THAT cxx:uPATION IN A PARTIClJIAR IIDUSTRY 
plus OI'HER FACIDRS. Wage data in the 
model comes from the ES-202 data set 
released by the Bureau of Economic 
Analysis. The WAGE RATE CliAla DUE 'ID 
SHIFTS IN SUPPLY ANJ DE:Ml\ND FOR EACH 
cxx:uPATION is a function of POPULATION, 
past DEMAND FOR THE cxx:uPATION, and 
DEMAND FOR low- and high-skilled 
cxx:uPATIONS currently in the state. 

The source of the m::xle~ 1 s employment, 
wage, personal incorre and pop..tlation data 

is the Regional Fconomic InfOC!ration 
System, Bureau of Economic Analysis. 

Average annual wage rates by sector in 
1984 ranged from a high of $37,175 for 
workers in "railroad transportation" to a 
low of $3,670 for workers in occupations 
usually considered domestic services. 
Workers in the real estate industry also 
earned less than $5,000 on average 
annually. Workers in "personal services 
and repair" as well as "agricultural 
services, forestry and fishing" earned 
less than $6,000. Sectors reporting 
wages in excess of $30,000 (in addition 
to "railroad transportation") include 
"rrotor vehicles," "paper," "petroleum" 
and "air transportation." 

The state 1 s largest occupational group in 
1984 (except for workers "not elsewhere 
classified") was "food service workers" 
with 106, 556. This was closely followed 
by "secretaries" · with 94,921. The 
occupation with the least representation 
was "rrath teChnicians" with only 36. 

III. KJEf.JB:; & FCmX:ASl.'IH; CAPABILITIES 

A. fbleiing 

In preparing a policy sinulation, the 
following categories of regular policy 
variables are available for use: 

* Errployment by industry 

* Cost changes by industry 

* Sales by industry 

* Change in corporate profits tax rate by 
industry 

* Final Demand persooal consunption 
expenditures, 13 categories 

* Final Demand agriculture, 5 categories 

* Final Demand government, 7 categories 

* Final Demand investment, 3 categories 

* Percent change in Exports and Imports 
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* Change in business inventories 

* Percent change in wage rates by 
industry 

* Wage Bill adjustment by sect9r 

* Percent change in Persooal Incorre 
Conponents 

* Oxupational training by occupation, 94 
categories 

* Population changes in percentage points 

* Employee productivity changes 

* Unemployment compensation by sector 

* Changes in equipment property tax rate, 
investment tax credit, personal taxes, 
property tax rate, equipment and 
structure life time 

* Percent change in personal consunption 
price index 

* Wage Rate adjustment by industsY 

* Change in p..1rchasing power 

Also, the analyst 
model adjustments or 
those: ; 

can inpose certain 
restrictions such as 

- for entering real or nominal dollars 
- for assurrptions regarding the effect of 

employment or sales on wage rates 
- for assurrptions regarding the effect of 

new employment (export or import 
substitution) 

- for responses to inp..1ts based on other 
assurrpt ions 

- to change wage and salary disbursenents 
for government, farm, and total sectors 
without changing wage rates 

In addition to regular policy variables, 
the model includes a murber of "special 
translator" policy variables. Each 
translator represents a broad-based 
economic activity that is passed to the 
model through a corrbination of regular 

policy variables. These variables are 
useful when detail about the economic 
activity is not known. For exanple, if 
one desires to sillulate the i.npact of a 
new construction project on Minnesota's 
economy and does not have data on the 
nUITber, of enployees required or the 
expenditures by sector, the use of a 
translator variable (in this case a 
construction translator for a particular 
type of project) would be applicable. 
Basically, the translator provides a 
predetermined distribution of inp..lts to 
the various sectors based on the 
distribution of expenditures in the·. 
national inp..1t-outp..1t table. In the case 
of the tourism translators, the 
distribution is based on survey data. 
There are four major categories of 
translator variables available for use in 
policy simulations: 

* Changes in production for agricultural 
sectors, 17 categories 

* Levels of spending for construction 
projects, 33 categories 

* Changes in tourism, 5 categories 

* Changes in trucking costs, 3 categories 

B. Forecasting 

The model forecasts a wide variety of 
economic variables for the state of 
Minnesota. Currently historical data 
cover the period 1969 through 1984 while 
forecasts are made for the years 1985 
through 1995. The update discussed 
earlier in this paper will include actual 
1985 data and forecasts to the year 
2035. Table 2 is a list of all the 
tables which can be printed out from the 
model control forecast, simulation· 
forecast or difference between the t\oQ 
(the economic i.npactl. Table 3 is a copy 
of the control forecast super summary 
table for the years 1991 through 1995. 
N:>te that the letters "GRP" stand for 
Gross Regional Product. In the case of 
the Minnesota model, the reg ion is the 
state of Minnesota so the figures in the 
table are Gross state Product figures. 

Ptinoesota Tax Re9'eDUe and Policy Review, July 1987 9 



(J:Uj: 
il\li 
()f'l. 

p;i 
··ofJ 
i+''''' 
H~":!: 

Nr!' 
tl•,•:· 

j i 

Q.rt:p.lt 
Table 
Smber 

1 SOPER. S<HIARY TABLE 

2 ~ TABLE fOR PRIVATE HH'ARM SEO'ORS 

3 EMPlD.iMEm' TABLE 

4 PER.S:NIIL IN:01E TABLE 

5 GRP BY FIW\L J:lDoWoD TABLE (1977 ~~ 

6 GRP BY FIW\L IlDol1lm TABLE <APTER 1973, N::MilW. t:OU.ARSl 

7 10 ~ POR: Private Nonfarm Enploynent 

B 

Enploynent Generated by I::lemaOO for Intermediate Inputs 

Enploynent Induced by Local Consurrptioo Deinan:J 

Enploynent Induced by Gavernnent De!rand 

10 Stx:"1'0RS FOR: E):tploynent Induced by Investrent Activity 

Enploynent Generated by Export to Rest of US/World 

Enploynent Deperx3 on Export to Rest of Multi-Mea Region · 

Dtploynent caused by Exogenous ~licy Stirrulus 

9 10 Stx:"1'0RS FOR: Producticn Costs Relative to the u.s. 

Factor Costs Relative to the u.s. 

Labor Costs Mage Rates li Other Costs) Relative to the u.s. 

Fuel Costs Relative to the u.s. 

~tput of Local Industries (!Oo!IlW. IXJI.I.MS) 

10 10 SEX:'roRS FOR: capital Costs Relative to.the U.S. 

Intermediate Input Costs Relative to the U.S. 

Production Costs for Local Markets Relative to the u.s. 

Production Costs for Export Markets Relative to the u.s. 

11 10 Stx:"roRS FOR: Labor Intensity Relative to the u.s. 

I'W.tiplicative Adjustrrents on Total 0-ltp.lt & Errploynent 

Enploynent Generated by Export From LDc Reg, as A % of U.s. Ellplyt. 

Regional Purchase CX>EFF CRPCl ~rop of Local Use SUpplied Locally 

·12 10 SE::'ICRS FOR: Average Annual wage Rate 

Index of Effect ()f Relative Industrial M.ix(3-DIGl on E!rployt. Change 

Denand (billions of $): Purchase by Local Area FrOlll All Sources 

Il!ports: Inplicit Purchase Q.rt:side of Area For Local Use 

13 10 SE::'ICRS FOR: Self SUpply: Local Production For ·Local Use 

Exports to the Rest of the u.s. and Rest of World 

Exports to 0'-..her Areas in Multi-Mea Region 

Exogenous Production Stirrulated by ~licy Change 
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14 10 SPaCRS FeR: rutp.Jt of lDcal Industries (l9TI IXX.UIRSl 

Value Added: rutput Excluding ~teme:iiate I.np.lts (l9TI IXLIARSl 

wage and Salary Disbursements 

rutp.Jt of lDcal Industries CIO!INM. IXX..LARSl 

15 <XXl.lPATICNIL EMPIDYMENl' 

l.6 OXUPATICNIL WN:iE RAn: CBAN:iE 

17 DETAILEO/JRD lEVEL~ (N/A s:JoiE SIMS) 

18 PRIVAn: N:H'~ ~ 

l9 ~ GE:NE:RA:rED BY I>rw.m FOR nm:RMEDIATE INfUl'S 

20 ~ IN:JU:fl) BY LOCAL rot&I'IP'riOO IlfM1;m 

21 EMPI.OYMENI' m:xx:rn ·BY ~ I>rw.m 

22 ~ m:xx:rn BY INVE.S'lME:Nl' 1CITVIT'i 

23 ~ GENERATED BY EXPORT 'ID RESI' CF USIW:JRW 

24 EMPI.OYMENI' DEPEIDENI' 00 EXPORI' ·ro RESI' CF MULTI-AREA REX;ION 

25 EMPI.OYMENI' CADSID BY EXCX>E:N:lJS POLICY STIMULUS 

26 m:::vo:I'IOO CDSTS RELATIVE 'ID THE U.S. 

21 FACroR rosrs RElATIVE ro THE u.s. 
28 I..AOOR CDSTS CWAGE AATES & Ol'HER I.AOOR CDSTS) RElATIVE 'ID T'HE U.S. 

29 FUEL CDSTS RE!MIVE 'ID_THE U.S. 

30 CAP!Thi, <DSI'S RE!MIVE 'ID THE U.S. 

31 INI'E»mliATE INrol' CDSTS RE!MIVE 'ID T'HE U.S. 

32 PKDOCTION CDSTS FOR LOCAL MARKEl'S RElATIVE 'ID T'HE U.S. 

33 m:::vo:I'ION CDSTS FOR EXPORT w.RKEI'S RElATIVE 'ID THE U.S. 

34 I.AOOR INI'EICITY RELATIVE 'ID T'HE U.S. 

35 MIJLTIPLIC'ATIVE ADJUSD-IENI'S ON 'IOTAL ClJl'PUl' & EMPI.OYMENI' 

36 DIPLOYMENI' GENE:RATED BY EXPORI' FR::l1 r..o: REX;, AS A % OF U.S. ~. 

37 · REX;ICtW.. PUl'OiA5E a:>EFF (RFC) - PK>P CF r..o: USE SUPPLIID I.O:ALLY 

38 AVERAGE ANNUAL WAGE RATE 

. 39 IIDEX OF EITEX::T CF RELATIVE IIDUSI'RIAL MIX (3-DIG) ON ~. CBAN:iE 

40 !DIAN) CBILLICNS OF $) : PUl'OiASE BY LOCAL ARFA f'lOol AU. s:.uRCE:S 

41 IMroRl'S: IMPLICIT PUl'OiA5E CUI'SIDE CF ARFA FOR LOCAL USE 

42 SELF SJPPLY: LOCAL PRXXX:TION FOR LOCAL USE 

43 EKPORI'S TO THE RESI' CF THE U.S. AID RESI' CF 1oORLD 

44 EKPORI'S TO Ol'HER AREAS IN MULTI -AREA REX;! ell 

45 EXCX>E:N:lJS m:::vo:I'ION STIM!JIAl'm BY POLICY CBAN:iE 

46 CX1l'PUI' CF LOCAL IIDUSTRIES <1977 lXlUARSl 

47 VALUE AIDID: CX1l'PUI' EXCI.m:rn::; INI'miEDIATE INPUrS (1977 lXlUARS) . 

48 WAGE AID SAlliRY DIS~ 

49 ClJl'PUl' OF LOCAL IIDUSl'RIES (NY.IlW.. r:x::uARSl 
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CONU<OL FORECAST 

SUF'ER SUMMARY TABLE. 
CTAl<LE • 

TOTAL EMPLOYMENT (3) 
EMF' ,; OF us 

TOT PRI.V NF EMPLYTC2> 
F'f'\ NF EMF' ,; OF us 

GRF· 1977 • ( 5) 
GF.:f· NOMINAL • ( 6) 

PERSONAL INCOME ( "' ) 
f·EF.:S INC % OF us 

I1I SF'OSABLE INCOME ( 4 ) 

f'CE-PRI CE INitX-77 ( 4 ) 

REAL IIISP INCOME ( 4) 

POPULATION <3> 
F'Of· AS % OF US 

REFERENCES IN 

1991 

2602.121 
1.975 

2156.099 
1.989 

55.831 
133.22-4 

97.052 
1.846 

fl0.469 

231.996 

34.686 

4344.437 
1.715 

TABLE 3 

PARENTHESES> 

199::? 

2633.966 
1.979 

2187.816 
1.995 

57.570 
1-45.8-45 

104.704 
1.850 

86.963 

:!o4t..0~2 

35.343 

1993 

266o4.8l9 
1.982 

2218.981 
2o000 

59.336 
15flo6o0119 

112.992 
1o853 

93.837 

259.289 

36.190 

4377.121 
1.701 

199-4 

2697.75-4 
1.986 

~~:i2.~J7 
2o006 

61.1-47 
171.571 

121.263 
1.856 

100.628 

272.1:!7 

36.978 

4389.707 
1.693 

' 

1995 

2736.166 
1.993 

~292.~S6 
2.017 

62.929 
185.389 

130.o403 
1o863 

108.188 

286.1.!15 

37.809 

4-401.838 
1.686 

CNOTE - FOR ALL TABLES! EMPLOYMENT l POPULATION IN THOUSANDS OF PEOPLE• 
DOLLAR CONCEPTS IN l<ILLIONS OF NOMINAL DOLLARS UNLESS OTHERWISE INDICATED.> 

INDEX TO AVAILABLE TA~LtS 

SUF·ER SUMMARY TABLE AND REFERENCE LIST ••••••• TABLE 
SUMMARY TABLF.:S FOR PRIV NON-FARM SECTORS,,,,, TAf:LE 
EMPLOYMENT TABLE l POPULATION,,,,,,,,,,,,,,,,TABLE 
PERSONAL INCOME TAI<LEs,,,,,,,,,,,,,,,,,,,,,,,TAl<LE 
GRP l<Y FINAL DEMAND- BILLIONS OF 77S,,,,,,,,TAl<LE 
GRP BY FIN IIEMD-I<ILLS OF NOMINAL $ <AFTER 73lTAI<LE 
10 SECTOR DETAIL CSEE TABLE 2 FOR INDEXl ••••• TAl<LES 
OCCUPATIONAL EMPLOYMtNT,,,,,,,,,,,,,,,,,,,,,,TAl<LE 
OCCUF'ATIONAL WAGE RATE CHANGE,,,,,,,,,,,,,,,,TAl<LE 
DETA1LED/3RD-LEVEL EMP(OYMENT C136 SECTORSl •• TAI<LE 
49 SECTOR DETAIL <SEE TABLE::? FOR INDEXl ••••• TAl<LES 

Mix ota '!'u BeveDue and Policy Beriew, July 1987 
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IV. APPLICATI(H) IN THE TAX RESEAlCB 
DIVISIOO 

The Minnesota Forecasting and Sinulation 
model provides historical data and -
forecasts for a variety of projects 
completed by Research Division 
personnel. Analysts preparing studies 
for the Tax Expenditure B.ldget Document 
used tables on enploynent, personal 
income and outJ:Ut to assist them in 
preparing esti.nates. During the past 
le<;islative session, analysts esti.nating 
the revenue inpact of the proposed sales 
tax on various services used forecasts of 
service industry outJ:Ut from the eontrol 
forecast. Personal income forecasts are 
used in preparing the economic 
assUI!ptions input to the Property Tax 
Refund model for regular forecasts of 
nonies to be expended for that purpose. 
In addition, the model provides 
information to answer frequent questions 
posed by persons in State goverrurent and , 
the general public on Minnesota's 
economy. 

Examples of simulation analyses which 
have been done in the past include the 
following. 

* The effect of specific enployment 
changes in transpo~tion, petroleum, 
and J:Ublic utilities; requested by the 
Energy Conservation Division · of the 
Dept. of Administration. ' 

* The effect on Minnesota enployment of 
the proposed "mega.rrall"; requested by 
the Metro Council task force formed to 
prepare the rretro significance study 
for the project. 

* The economic inpact of shifting to 
100% sales for apportioning corporate 
income to Minnesota. 

* The effect of reducing transfer 
payments in the state by $50 mill~on. 

* The economic inpa~t on -the state of 
the Lake SUperior ~per construction 
project in Duluth. 

* The inpact of new construction and 
enployee expansion in 1984 and 1985 at 
the International Language Villages 
near Bemidji; requested by Concordia 
College at Moorhead. 

Section V describes the nost recently 
. conpleted sirrulatioo analysis. 

V. M EXAMPIB: 'f'BE B:RSE RACIB:; IN •IS110' 
mtm' 

Earlier this SUI!1ler, a policy sinulation 
to esti.nate . the ecooomic inpact on the 
state of the new horse racing industry in 
1985 and 1986 was undertaken · in the Tax 
Research Division at the request of the 
Minnesota Racing Cornnission. Data was 
furnished by the Minnesota Racing 
Cornnission and Canterbury Downs. The 
following policy variables were used for 
the sinulation: 

* regular policy variables for 
enployment, sales by industry, final 
demand personal consumption 
expenditure adjustment (all 
categories) , wage bill adjustnent by 
sector, suppression of non-residential 
investnent enployment response to new 
construction; 

* translator policy variables for 
construction of amusement and 
recreation buildings, new derrand for 
agricultural feed grains, construction 
of new farm buildings, purchase of 
miscellaneous livestock. 

The super Sl.1I11Tary table of the sinulation 
inpact (due to operation of Canterbury 
Downs) is shown in Table 4. 'The last 
colunn, for exanple, shows that the. 
existence of the race track in 1986 
resulted in an increase of 2,515 jobs in 
Minnesota over the baseline enployment 
forecast. This information, as well as a 
detailed description of the sinulatlon 
process, data and results, are contained 
in the simulation report: BORSE RACIN3 
IN MINNESOI'A: WHAT IMPACT ON THE STATE'S 
ECONOMY? -- available on request from the 
Tax Research Division at the address 
listed on page 2 of this J:Ublication. 

Ptinnesota Tax ReV'emle and Policy :Review, .July 1987 13 
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TABLE 4 

~CONOMIC IMPACT QF ~'!!! Bf!t:lt:ltl 1 t:ll1L!Sifil: ll~ tjlf:U:ZESCIB 

SUPER SUMMfiY TABLE • 
<TABLE • REFERENCES IN PARENTHESES> 

TOTAL EMPLOYMENT (3) 
EMF' s OF us 

TOT PRIV NF EMPLYT<2> 
f'R NF EMF' s OF us 

GRP 1977 • (5) 
GRP NOMINAL • (6) 

PERSONAL INCOME (4) 
f'ERS INC 5,; OF us 

III SPOSABLE INCOME (4) 

f'CE-PRICE INIIX-77 (4) 

REAL III SF' INCOME (4) 
' 

POPULATION <3> 
f'OF· AS % OF US 

1982 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

1983 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

1984 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo· 

.ooo 

.ooo 

1985 

1.464 
.001 

1.4SO 
.001 

.019 

.034 

.023 

.001 

.018 

,006 

.010 

.ooo 

.ooo 

1986 

2.515 
.002 

2.436 
.002 

.032 

.065 

.oso 

.001 

.039 

.017 

.019 

.854 

.ooo 

<NOTE - FOR ALL TABLES: EMPLOYMENT & f'O~ULATION IN THOUSANDS OF PEOPLEr 
DOLLAR CONCEPTS IN BILLIONS OF NOMINAL DOLLARS UNLESS OTH~RWISE INDICATED.> 

INDEX TO AVAILABLE TABLES 

SUPER SUMMARY TABLE AND REFERENCE LIST ••••••• TABLE 
SUMMARY TABLES FOR f'RIV NON-FARM SECTORS ••• ,,TABLE 
EMPLOYMENT TABLE & POPULATION.,,,,,,,,,,,,,,,TABLE 
PERSONAL INCOME TABLES,,,,,,,,,,,,,,,,,,,,,,,TABLE 
GRP BY FINAL DEMAND- BilLIONS OF 77$,,,,,,,,TABLE 
GRP BY FIN DEMII-BILLS OF NOMINAL $ <AFTER 73)TABLE 
10 SECTOR DETAIL CSEE TABLE 2 FOR INDEX),,,,,TABLES 
OCCUPATIONAL EMPLOYMENT,,,,,,,,,,,,,,,,,,,,,,TABLE 
OCCUPATIONAL WAGE RATE CHANGE.,,,,,,,,,,,,,,,TABLE 
DETAILEII/3RD-LEVEL EMPLOYMENT <136 SECTORS> •• TABLE 
49 SECTOR DETAIL <SEE TABLE 2 FOR INIIEX> •• ·,,.TABLES 
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AN AHNOTI.TEO LIST QE REGULAR AND TRANSLATOR POLICY VARIABLES 

I. Regular Policy Variables 

This list is organized alphabetically together. Some variables 
which share conceptual affinity are grouped together as· well. In 
each entry below the policy ·variable name is given as it appears 
in the program, then an abbreviated description and the units of 
the policy variable are given i.n the same line. After this heading 
follows the FORTRAN equations in which the policy variable plays 
its role, and finally a brief explanation. The full sector speci
fic policy variable list, which includes the policy variable 
identification numbers and may be produced while running the 

,' program, is.appended. The reader may notice many variables in the 
( actual equations here which are not in 4' lossary. We will 

~? produc~ an upd~ted g~os~ary ~~~n; our docume tation has not kept 
i \_pace Wlth our lnnovatlon. · · .. · · · 

. \,- ' 

NAHE DESCRIPTION UNITS 

AEPV EN&DGENOUS INR FROH EPOL OR SALPOL DEFAULT: YES:O. N0=1 

AE = AE+(KWE(I)EE{I))-AEPV 1 EPX(I) 1 KWE(I) 

AE : AE+((KWE(NM+2)*ECSD)-(AEPV 1 ECSD 1 KWE(NM+2)) 

If you enter a policy into the model that ends up affecting the 
econol?y through the EPX variable which is the general exogen
ous employment variable, the AEPV value can be set equal to 1 to 
suppress the endogenous non-residential investment (INR) response. 
Since many policies, such as sales and visitor day variables, 
work through EPX it becomes a general way to shut off the model's 
investment sector. This is necessary in cases when you put the 
investment component of the policy directly into the model. 
Whenever translator policy variables for cc-nstruction (201-225) 
are used, the AEPV value .must be set equal to one. This allows 
the ECSD value, the special demand for construction given by the 
translator variable, to remove the direct effect 'of construction 
on employment so that the vector for the special type of 
construction can be entered withou~ double countirig.· 



t'''l 

c, 

C\ 

ALLEXP EPOL/SALPOL AS EXP OR GEN EHPLHNT DEFAULT: ALLEXP:O WITH LOCAL=1. 

EXPEMP : {{EPX{I)*{1.-ALLEXP))+EPX{I) 1 {EX(I)/E(I)) 1 ALLEXP) 1 (1.-IMPSUB) 

If ALLEXP is set at its default value of 0 all exogenous .employ
ment is considered as export.· If it is set equal to 1 export 
employment is divided between export and local employment 
according to the export share (see the EPOL discussion above)'. 

CAPV CORP PROF TAX--EACH PR+VATE SECTOR RATE CHANGE-AS A PERCENT 

TCP(I) : (CA(I)+CAPV(I))t(XTCP+TCPPOL) 

TCP(I) is the corporate tax rate for industry I. The CA(I) 
value is set equal to one for all states where the same corporate 
tax rate applies to all sectors. It is set equal to the 
proportion of each sector that is taxed or the proportion of the 
regular corpo!"ate p!"ofits tax rate that applies in states where 
different industries pay different rates. The XTCP variable is 
the corporate tax rate. CAPV(I) is changed in order to 
differentially change the corporate tax rate in particular 
sectors.- TCPPOL is used to change the corpora\tax rate for all 
sectors simultaneously •. 

~ 

CPIPV CPI MULTIPLICATIVE ADJ. S CHANGE IN CPI 

CPI = XCP 1 CPIU'CP 1 CPIPV 

The CPIPV variable changes the consumer price index in the state 
multiplicatively. An increase in the CPI in turn reduces real 
disposable income. 

CPOL CHANGE IN PURCH. POWER MILLIONS OF DOLLARS-SEE WPV 

CPOL : WPVfCPOL'(CPI/XCPI) + (1.-WPV)'CPOL 

XDR4 = XCI 1 ((RYD+(CPOL/CPI))/RYDU) 1 CMPV 

XDR4 : XCI t CMPV 1 RYD + (CPOL/CPI) 
RYPU 

wnen w?V is at its deiault value of 0 tnls va!"lBOie snould oe put 



in nominal doll ilrs of the year in question. When WPV equals 1 
CPOL is translated from dollars· of the last year of history into 
current year dollars. CPOL goes directly into the column that 
determines consumption demand using the special consumption 
patterns of the state adjustment (XCI) times the ratio of state 
income (RYDU). 

CMPV RYD/RYDU MULTIPLICATIVE ADJ. ~ CHANGE IN CON. DEM. 

CPV 

XDRq = XCI t CMPV t RYD·+ (CPOL/CPI) 
RYDU 

CMPV represents a change in the marginal propensity to 
consume {XCI). 

COSPOL: PERCENTAGE.OR DOLLARS DEFAULT:%:0. 1. :DOLLARS. 

IF( CPV.EQ.l. ) COSPOL(I):.l*COSPOL(I) 

COSTCH = COSPOL(I)*(1.-CPV) + CPV* ((WPV I! COSPOL(I) I! 

(CPI/XCPI) + (1.-WPV) I COSPOL(I)/SALES(I)) 

If CPV is set equal to its default value of zero then the COSPOL 
variables below are entered in percent. Thus, an increase of cost 
to an industry of two percent is entered as 2. If CPV is set 
equal to.one th~n CO~POL can be entered in current nominal 
millions of dollars (if WPV = 0) or in last historical year 
millions of dollars (if WPV = 1). 

COS POL REL. COST CHANGE-EACH PRIVATE SECTOR AS % OF COST OR IN $-CPV 

IF( CPV.EQ.1. ) COSPOL(I):.1*COSPOL(I) 

COSTCH = COSPOL(I) 1 (1.-CPV) + CPV *((WPV*COSPOL(l)*(CPI/XCPI) + 
{1.-HP\')*COSPOL(I))/ SALES(I)) 

P(I) = MC(I) + FC(I) + COSTCH 

The combination of chosen cost change effects is entere.d into the 
production cost equation for the simultaneous solution of each 
year, thus increasing the relative production cost for the 
industry in question. See both the CPV and WPV annotations. 
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DEHPOL AHOUNT SALES- EACH PRIVATE SECTOR MILLIONS OF$ (SEE WPV)' 

FDEHP : (EPV*(WPV*DEHPOL(I)*R(l)*(CPI/XCPI) 

ELFCI) = ELF(I)*R(I)*LI+FDEHP+(1.-WPV)*DEHPOL(I)*R(l))) 

EPX(I) = EPX(l)+FDEHP+(EXPEHP-EPX(I) 1 (1.-IHPSUB))) 

DEHPOL is used to represent increased spending in an area. This 
differs from SALPOL in that it is reduced by the regional purchase 
coefficient R(I). Thus, when you use DEMPOL you are spending that 
number of million dollars per year in the area but only the usual 
proportion of use supplied from within the area is supplied from 
within the area. The value you input can be in current year 
dollars (if WPV is at its default value of 0) or in dollars of the 
last year of history (if WPV:1). It is converted into EPX(I) 
which is d~scussed under EPOL(I) below. 

EPOL EMPLOYMENT-EACH SECTOR EMPLOYEES (THOUSANDS) 

~LPOL = GSLPOL+EPOL(NP+1) 

GFCPOL : GFCPDL+EPOL(NP+2) 

EPXti) = EPOL(I) 

EPX(I): EPOL(I)*(EPV/EPVX(I))*PRODPV1 (CPI/XCPI)+ 
+(EPV*(WPV*SALPOL(I) 1 (CPI/XCPI)+(1.-WPV) 1 SALPOL(I))) 
+EPOL(I)*(1.-PRODPV) 

EPOL is the policy variable used to introduce exogenous 
employment into the model for purposes of policy· simulations or 
for adjusting control forecasts. The program coverts this into 
EPX(I) for the private sectors and GSWPOL and GFCPOL for the 
state/local and federal government sectors respectively. The 
EPX(I) variable can also be activated by the DEHPOL and SALPOL 
policy variables. In the latter case, it is only entered after 
all calculations are made so that it will be printed out as 
exogenous employment. In the DEHPOL .case, the conversion is made 
before ·the relevant equations using EXP(I) are encountered in the 
p!"ogram •. See DEHPOL discussion above. It should first be noted 
that the user must decide whether or not productivity changes are 
to be taken into account by PRODPV at its default value of zero or 
setting it equal to one. If it is left at its default value of 0, 
then the EPX(I) value remains constant in the simulation. If it 
is set equal to 1 then the EPX(I) direct employment is reduced as 
productivity increases. Productivity is. measured as dollars of 
nominal output (EPV/EPVX(I)) times the growth in the CPI which is 
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equivalent to the chang~ in employees per constant dollar of 
output. The PRODPV variable should be set equal to one whenever 
employment is being used as a proxy for additional constant dollar 
output. ln this case the simulation will appropriately reflect 
the fact that fewer employees· .will be required to produce the same 
output whenever labo productivity increases. At this point it is 
logical to give a general overview of the way that employment 
disturbances can be entered into the model. We will do this by 
considering the EXP(I) variable. 

EXP (I): '.!'HE EHPLOYHE!iT DISTURBANCE TERM 

EXPEMP = ((EPX(I)•(1.-ALLEXP))+EPX(l)•(EX(I)/E(I))•ALLEXP)• + 
(1.-IHPSUB) 

EX(I) = EX(I)+EXPEHP 

R(I) : R(I) + IHPSUB • (EPX/DEM(I)) 

EPX(I) = EPX(I)+FDEMP+(EXPEHP-(EPX(I)•(1.-IHPSUB))) 

Employment disturbances whether entered directly through EPOL or 
whether entered as DEMANDPOL or SALPOL can be divided into various 
types as follows: 

a) All Export Employment 

In this case it is assumed that all of the new 
employees will be engaged in the production of 
exports from the state and that this increase in 
exports will not reduce the outside of state 
demand for other within-state firms exporting to 
the same market. It.is accomplished by leaving 
Pol icy Variable 996 (All EXP) at its default 
value of zero. 

b) General Employment 

In this case it is assumed that the employment 
is distributed according to its usual 
proportions in the state economy. That portion 
usually going to exports is EX(I)/E(I). Most of 
the remainder of the employment will be lost as 
the good produced by new employees will compete 
with the goods produced by old employees for the 
same local markets. However, a small amount of 
new local employment wi 11 be generated as the 
increase in· the supply demand ratio increases 
the RPC endogenously. For these effects ALLEXP 
is set to a value of one. 
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EGFHPV 

c) Import Substitution Employment 

If IHPSUB is set equal to one instead of its 
default value of zero then all of the ne., 
employment will go into ne.,·1ntermediate and 
induced employment rather than export employment 
This is done by increasing the RPC exogenously 
by enough to absorb all of the new employees. 

d) ! Combination of: 

(1) Import Substitution 
(2) Exports, and 
(3) No Net Gain in Employment 

This 'is the case of an exogeneous shock assumed 
to create a certain number of new jobs through 
exports and import substitution. Then a certain 
number of jobs due to the exogenous shock are 
assumed to simply replace old local jobs, (as 
might the case of a new supermarket in a limited 
market). ·rhus ,the only changes will be due to 
import substitution and exports. The import 
substitution value .should be decided on first 
and IHPSUB should be set equal to the proportion 
of the new employment that will go towards 
import substitution. Next, the proportion going 
to exports must be set and the value of ALLEXP 
in the EXEMP equation must be decided on. With 
these two values set the simulation can then be 
carried out. 

EMPLOYMENT -FED. GOVT. HILI. EMPLOYEES (THOUSANDS) 

GFMPOL : GFHPOL+EGFMPV 

This is used to increase Federal military employment in the state. 
Feder~l government spending is in units of thousands of er1ployees 
in the model. 

EFPV EMPLOYMENT-AGRICULTURE EMPLOYEES (THOUSANDS) 

This is used to exogenously increase farm employment in the state. 
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CSLPOL STATE & LOCAL GOVT SPENDING EMPLOYEES (THOUSANDS) 

CSLPOL = CSLPOL•EPOL(NP+1) 

D(1) : XDSL'DU(l)'(POP/POPU)+GSLPOL 

This variable increases state and local spending. It works by 
adding employees di~ectly to stote and local government employment 
and by adding demand to the state and local government spending 
vecto~. See also the translator variables which should be used to 
add particular types of state and local government spending. An 
inc~ease in transfer payments can be introduced through VPOL 
(ID:90~) be 1 ow. 

GFCPOL FEDERAL GOVT. CIVI .• SPENDING EMPLOYEES (THOUSANDS) 

GFCPOL : GFCPOL+EPOL(NP+2) 

D(2) = XDFC 1 DU(2)+GFCPOL 

This variable is similar to GSLPOL except that it is for federal 
government civilian spending. 

CFHPOL FEDERAL GOVT. HILI. SPENDING EMPLOYEES (THOUSANDS) 

GFHPOL = GFMPOL+EGFMPV 

D(3) = XDFH 1 DU(3)+GFHPOL 

See GSPOL and GFCPOL above. 

ICPOL IN STATE COSTS- EACH PRIVATE SECTOR COST CHANGE-~ OF TOTAL COST 

MCl : HCl•( A(J)'XR(J)IP(J) ) I (l.+ICPOL(J)) 

CCL(I) : (P{I) 1 (1.+lCPOL(l)))/(1.+HCPOL(I)) 

ICPOL can be used to increase or decrease the cost of within state 
deliveries. Thus if a new road is constructed from point 

A to point B within the state the reduction in delivery costs 
expressed as a percentage change in the delivered total cost can 
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be entered for each·~try affected. This va~iable could also 
be used 1f the stat~~:~oduced a policy of subsidizing in-state 
purchases J>Ui IJUil from a particular industry. If an investment 
8eries has been provided see variables 923-926.below. 

IMPSUB 

INRC 

EPOL OR SALPOL AS IMP SUB DEFAULT: NO:O. YES:1. 

EXPEMP c ((EPX(I)•(1.-ALLEXP))+EPX(I) 1 (EX(I)/£(I)) 1 ALLEXP)• 
(1.-IMPSUB) 

EX(I) = EX(I)+EXPEMP 

EPX(I) = EPX(I )+FDEMP+(EXPEMP-(EPX(I)•(1.-IMPSUB))) 

R(I) : R(I) + IMPSUB*(EPX/DEM(I)) 

See the EPOL discussion. below. 

NON-RESIDENTIAL INVESTMENT MILLIONS OF CURRENT DOLLARS 

INREPV See IREPV 

INRRPV See INRC 

INRRPV NON-RESIDENTIAL INVESTMENT MILLIONS OF 1972 DOLLARS 

INRPV : INRCPV 1 (INRRU/INRU)+INRRPV 

The appropriate non-residential investment policy variable is 
1n 1972 dollars and so is the sum of any stimulus entered by t·he 
user ;!.n 1972 terms and any stimulus entered in current dollars 
which is then deflated by th~ program. · 

IRCPV RESIDENTIAL INVESTMENT MILLIONS OF CURRENT DOLLARS 

IRRPV RESIDENTIAL INVESTMENT MILLIONS OF 1972 DOLLARS 

IRPV = IRCPV 1 (IRRU/IRU)+IRRPV 

As above the residential investment policy variable is the sum of 
the current value policy variable appropriately deflated and the 
1972 value policy variable. 

The values IRPV and INRPV are used in equations similar to those 
for lREPV and INREPV above to predict relative final demand fo>: 
(5) Transportation and Public Utilities~ and for (6) Finance, 
Insurance, and Real Estate. The most important difference is that 
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employment ratios are no longer used as proxies for relative 
investment levels. Only when an investment series is provided. will 
these variables be available. When using these variables directly 
in combination with direct EPOL inputs, AEPV (ID:901) should be 
set equal to 1 to shut off endogenous investment responses. 
Trc.nslator construction variables described below usually provide 
a superior way t~ introduce construction into the model. 

IREPV RESIDENTIAL INVESTMENT (MODEL B) 1000'S OF CONST EMPLOYEES 

INREPV NON-RESIDENTIAL INVESTMENT (HODEL B) 1000'S OF CONST EMPLOYEES 

DR (6) = (XDR 1 (ARYD/ARYDUf•EHAJU (ll)+IREPV)/EHAJU (ll) 

DR(5) ~ (XDNR&(l/ARC) 1 (AEF/AEFU) 1EHAJU(Il)+INREPV)/EHAJU(Il) 

Only these two investment variables are available with the 
standard model (model B). If -an investment series has been 
provided see the four variables ·INRCPV-IRRPV, numbers 923-926 

6, below. The relative demand equations here have to use employment 
in construction as proxies for relative final demand in 
finance,insurance and real estate. Similarly INREPV/EMAJU(Il) is 
added to the relative nonresidential construction employment, to 
approximate the relative investment levels and therefore the 
relative final demand for transportation and public utilities. 

MCPOL IMPORTING COST-EACH PRIVATE SECTOR COST CHANGE- ~ OF TOTAL COST 

MC2 = MC2+(A(J)1(1.-XR(J))I(1.+ HCPOL(J))) 

CCL(I) = (P(I) 1 (1.+ICPOL(I)))/(l.+HCPOL(I)) 

CP = CP+((Xr.(I)*P(I))+((l.+HCPOL(I))*(1.-XR(I)))) 1 XWGHTS(I) 

MCPOL is used to incorporate cost changes for goods imported into 
the state that result from pol icy actions. If a new road is con
structed this will reduce import costs.into the state.·Decreasing 
an imp.ort cost with MCPOL(I) results i'n an increase in the 
comparative cost of local production and delivery relative to 
purchases outside of the state CCLCI). Such an increase will 
decrec.se the cost of material inputs imported into the state 
(HC2). It will also decrease the consumer price index adjustment 
(CP). In each case the appropriate weight must take into account 
the proportion imported (1.-XR(I)). Here XR(I), the regional 
pu~chase coefficient, is used at a fixed point so that changes in 
the index are caused only by changes in costs and not by shifts in 
XR (I). 
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HPVFM EXPORT ADJ.- FED. COVT. HILI. HULT CHANGE-~ Of EXPORTS 

HPVF EXPORT ADJ.-AGRICULTURE MutT CHANGE-~ OF EXPORTS 

These two policy va~iables are equivalent to the HULTPV 
variables above and are for the Federal Military and Farm 
sectors respectively. 

MRAPV See MVPV 

M!WPPV See MVPV 

MULTPV EXPORT ADJ.-EACH PRIVATE SECTOR Hut! CHANGE-S OF EXPORT 

MULT(I) : XMULT(I)*((1.+GRW(I))*'TT) 1 MULTPV(I) 

MutT(!) = XMut!(I)*(2.-(1.GRW)''TT)'MutTPV(I) 

S(I)·=- XS(I)*(XCCAA''XXSE(I)) 1 HULT(I) 

IF (MPVC(I).NE.O) MULTPV(I):MPVC(I) 

The HULTPV is used for two purposes in the 49 indust'!'"ies. First 
it may be used to adjust the exports here as in the first two 
equations above. Secondly it is the carrier of any adjustments 
that have been made to the simulation to account for extra but 
fragmentary employment data. These adjustments are calculated 
internally by the model as MPVC, Both adjustments can be made 
without any conflict; MULTPV is then simply the combination of 
tht two adjustments. 

,0 

MULTPV EXPORT ADJ.- ST/LOCAL GOVT. MULT CHANGE- S OF EXPORTS 

MULTPV EXPORT ADJ.- FED. GOVT. CIVI. HULT CHANGE- S OF EXPORTS 

E(NP+2) = XGFC 1 DR(2)'EU(NP+2)*HULTPV(NP+2) 

E{NP+1) = XGSL'DR(1)'EU(NP+1) 1 MULTPV(NP+1) 

IF(MPVC(NP+l).NE.O.) MULTPV(NP+l):HPVC(NP+l) 
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IF(MPVC(NP+2).NE.O.)HULTPV(NP+2):MPVC(NP+2) 

These variables are not really changes in exports but do perform 
the same function in that they adjust for predicted or know~ (via 
HPVC) increases in activity. 

HVPV 
HWSDPV 
HYENPV 
MYOLPV 
MTIIPPV 
MYPRPV 
HRAPV 

TRANSFER PAYHENT ADJUSTMENT 
WAGE BILL ADJUSTMENT 
PfiOPIETORS INCOME ADJUSTMENT 
OTHER LABOR INCOME ADJUSTMENT 
CNTRBTNS TO SOC~ ISN. ADJ. 
DIV + INT + RENT ADJUSTMENT 
RESIDEIICE ADJ. ADJUSTMENT 

WSDF = 1'/fiF*EF*MWSDPV+FSD. 

CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 

WSD(I).= E(I)*WR(I)*MWSDPV+(WR(I) 1 WSDAPV(I)) 
WSD(NP+1) = HWSDPV 1 WR(NP+1)*E(NP+1)+GSLSD 
WSD(NP+2) : HWSDPV 1 WR(NP+2)*E(NP+2) 
YENT(14) = XYENT(14) 1 (YENTFU/EFU) 1 EF 1 HYENPV+XYENT(14) 1 YENTFU/EFU)*EFSD1 FSDYA 
YENT(I) = HYENPV 1 XY£NT(I)*(YENNXU/E:WU) 1 EHAJ(I) 
YENCSD = ECSD 1 (MYENPV 1 XYENT(4)~(YENNXU/EFWU) 1 CSDYA) 
YOL(14) : XYOL(14) 1 (YOLFU/EFU) 1 EF 1 MYOLPV 
YOL(I) = MYOLPV 1 XYOLY(l)*(YOLNXU/ENXU) 1 EHAJ(I) 
YOLCSD.: HYOLPV 1 XYOLY(l)*(YOLNXU/ENXU) 1 ECSD 
YGSLSD = MYOPLV*XYOL(4) 1 (YOLNXU/ENXU) 1 EGSLSD 
V:(XV 1 ((POP-DEPSHR 1 ETOT)/(POPU-ETOTU))*VU*MVPV)+VPOL 
TWPE~ = XTP*(TWPERU/ENFU)*ENF*MTWPPV 
YPROP : XYPER 1 (YPROPU/POPU)*POP*MYPRPV 
RA = XRA 1 (WSDNF+YOLNF+TWPER)*HRAPV 

Each of these multiplicative adjustments makes an adjustment for 
the income concept named whenever it appears in the model. For 
instance, after the employment by industry has been calibrated to 
new partial employment data by the model,the user. may calibrate 
the various incorne/co~~pts to partial income data in the control 
forecast. These/(varia\also be used when a policy changes an 
income payment such 'zs..s.r1ansfer payments (M VPV) in mul tip"l icati ve 
way. \.."-. J 

Hh'APV .h'AGE RAT£ ADJ.-EACH PRIVATE SECTOR CHANGE IN ~ POINTS 

WR(l) : (1. + CWR(I)*WRLJ(I)•MWA(I) 1 HWAPV(I) 

These multiplicative wage rate changes are made in one year, but 
the chanr;es then remain th!"ough the years unless they are 
explicitly reme>ved. They are mostly used to· adjust the control 
forecast. 
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CNTR. ID. 

78q 960 NAPV NEW ADDITIVE POLICY VAR. IN MODEL VARIABLE UNITS 
785 961 NAPV NEW ADDITIVE POLICY VAR. IN MODEL VARIABLE UNITS 
786 962 NAPV NEW.ADDITIVE POLICY VAR. IN MODEL VARIABLE UIIITS 
787 963 NAPV NEW ADDITIVE POLICY VAR. IN HODEL VARIABLE UNITS 
788 96q NAPV NEW ADDITIVE POLICY VAR. IN MODEL VARIABLE UNITS 
789 965 NMPV NEW MULTIPLICATIVE POLICY VAR. RATE CHANGE-AS A PERCENT 
790 966 NMPV NEW MULTIPLICATIVE POLICY VAR. RATE CHANGE..;.AS A PERCENT 
791 967 NMPV NEW MULTIPLICATIVE POLICY VAR. RATE CHANGE-AS A PERCENT 
792 968 NMPV NEW MULTIPLICATIVE POLICY VAR. RATE CHANGE-AS A PERCENT 
793 969 NMPV NEW MULTIPLICATIVE POLICY VAR. RATE CHANGE-AS A PERCENT 

These variables are not curr-ently coded into the model. ·rou may 
include them in any equation that you wish to in the FORTRAN 
program. !3oth are real arrays of length 5. Thus, policy 
variable 960 would be coded as NAPV(1), policy variable 961 as 
NAPV(2), etc. 

OTRPV OCCPTNL TRAINING- EACH OCCUPATION EMPLOYEES (THOUSANDS) 

CCMR(j) :UK+ (TRPOL-TRPOLL)+(ACTCPI'[.(RCPIL1/RCPIL2)-1.)) + 

(0CCRES(j) 1 { [OD(j)+0.01)- OTRPV) } -1.)+(0.15'[(EPR/EPRA)-1.) 
ODA(j)+0.01 

Increase. in supply of employees in any occupation is introduced 
into the model as if it were a decrease in demand for that 
occupation. This approach in a sense assumes that a job opening 
is filled by each exogenously supplied person which then means 
that the number of jobs to be filled by the normal market process 
is reduced by that number of people thus putting a downward 

·pressure on the wage rate for that occupation. The value you put 
in indicates the amount' of S\..pply. Thus, if you train 500 people 
per year you must see OTRPV equal to 500 the first year, 1000 the 
next, 1500 the third, etc. If you add supp1 y and demand for jobs 
in an industry at the same time you can do it by setting WADJPV 
equal to 1. 

POPPY . POPULATION CHANGE IN PERCENTAGE POINTS 

POP : POPPV•POPU 1 [(G 1 [ERLH.32)'EXP(H 1 (1 O.+BFYR-1 967.+NTPS)/1 0.))) 

This variable can be used to increase or decrease the population. 
The population size affects the 1 c:>cal economy both through the 
wage determination equation and through its effect on state and 
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local government-demand. 

PRODPV PRODUCTIVITY CHANGES IN EPOL DEFAULT: NO:O. YES:1. 

EPX(I) : +EPOL(I)'(1!-PRODPV)+EPOL(I)*(EPV/EPVX(I)) 1 PRODPV 1 (CPI/XCPI)+ 
(EPV•(WPV•SALPOL (I) • ( CPI/XCPI )+ ( 1:. -WPV) 1 SALPOL(I))) 

When PRODPV is set equal to 1 any EPOL input is reduced as 
employment per dollar of outp~t goes up less rapidly than the CPl. 

fJ/1~ #7~!? 1 ;r,/? .. -f-~sr) 
PURPV PURCHASING POWER POLICY VARIABLE 

CPI = XCP*CPJU 1 CP 1 CPIPY'[1.+(PURPV/YD)] 

~N~s

/'./.-... f 

This purchasing power policy variable changes consumer demand, 
DR(IJ), by changing the consumer price index, CPl. The effect is 
to change real disposable income but not nominal disposable 
income. Ef'tteed in pe! centage l'oint:.s ef nominal disposable 
i~come. The Michigan model currently used NAPV(1), ID no. 960, in 
place of PURPV. 

REF PVC REL. ELEC. FUEL COSTS-COHH. REL. COST- AS A PERCENT 
REFPVI RtL. ELEC. FUEL COSTS-IND. REL. COST- AS A PERCENT 
RGFPVC REL. l'ATURAL GAS FUEL COSTS-C0!1H. REL. COST- AS A PERCENT 
RGFPVI REL. NATURAL GAS FUEL COSTS-IND. REL. COST- AS A PERCENT 
RGFPVC REL. RESIDUAL FUEL COSTS-CO~!M. REL. COST- AS A PERCENT 
RRFPVI ~EL. RESIDUAL FUEL COSTS-IND. REL. COST- AS A PERCENT 

These policy variables change relative fuel cost for industrial 
and for commercial users. The functional form used assumes 
unitary price elasticity among fuels and between fuels and other 
factor inputs. An alternative version of the model is available 
which allows a different elasticity of substitution. among fuels 
using a CES p~oduction function. 

SAL POL AMOUNT - SALES- EACH PRIVATE SECTOR 
' 

MILLIONS OF $ (SEE WPV) 

EPX(I) = EPOL(I)•(1.-PRODPV)+EPOL(I) 1 (EPV(l)/EPYX(I))•PRODPV•(CPI/XCPI)+ 
+(EPV(I) 1 (WPV 1 SALPOL(I)•(CPI/XCPI)+(1.-WPV) 1 SALPOL(I))) 

~ . . 

SAL POL _is used to represent an exClgenous change in the sales of 
lncally produced goods, as for' example, when_ the gClvernment hi~es 
·only local cClnstructiCln firms. This differs from DEHPOL which 
represents an across-the-board increase in demand for imported as 
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well as locally produced goods. Note the regional purchase 
coefficient, R(I), in the equation where DEHPOL is used above. 
If WPV is at its default value of 0, SALPOL should be 1n nominal 
dol·lars, 1f WPV:1 then SALPOL should be in the constant dollars of· 
the last year of data. If labor productivity is expected to grow 
normally in the industry the PRODPV (PVID=999) should be set equal 
to 1 instead of being left at its default value of o. 

TCPPOL 
TEQPP 
TIC POL 

CORP. PROFIT TAX RATE 
EQUIPMENT TAX RATE 
INVESTMENT TAX CREDIT 

TEQP : XTEQP + TEQPP 

TIC = XTIC + TICPOL 

CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 
CHANGE IN PERCENTAGE POINTS 

TCP(I) ~ [CA(I) + CAPV(I)*[XTCP+TCPOL) 

WM = TEQP - (TCPU 1 TEQP) 

These Policy variables change the relevant tax rate or credit,from 
its.control value for all industries. They then change the 
relative capital cost of equipment (CEQP), the relative cost of 
inventories CINV(I) O!i the relative cost of structures CSTR(I). 

TELPV See !PROP 

TPOL PERSONAL TAXES MILLIONS OF DOLLARS~EE WPV 

TPOL : WPV'TPOL*(CPI/XCPI) + (1.-WPV)•TPOL 

TAXES : XTAXI((YPU-YDU)/(YPU-VU))'(YP-V)+TPOL 

If WPV is equal to its default value of 1, TPOL should be entered 
in nominal dollars, if WPV is set equal to zero, !POL can be 
entered in dolla~s of last year of histor~ TPOL simply changes 
the amount of ince>me that is recieved as disposable income. If 
you also want to include an effect of the change in tax rates on 
the wage rate you must also use·XTRPOL, the total personal tax 
rate policy variable. 

!PROPP 
TELPV 
TSLPV 

PROPERTY TAX RATE 
EQUIPMENT LIFE TIME 
STRUCTURE LIFE TIME 

CHANGE IN PERCENTAGE POINTS 
YEARS OF LIFE 
YEARS OF LIFE 
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TPROP : XTPROP+TPROPP 

TELM : XTELM+TELPV 

TSLM : XTSLH+TSLPV 

These variables enter the cost of capital variable. See the 
equations under the TCPPOL policy variable set above. The TELPV 
and TSLPV variables refer to state allowed tax lifetime for equip
ment. The default state equipment lifetimes usually correspond 
with federal allowed lifetimes. 

UECPV UNEHP COMP-EACH PRIVATE SECTOR S CHANGE OF TOTAL WAGE RATE 

RWR(I) : (WR(I)•(l.+UECPV(I)+WCPV(I)))!WRU(l) 

RWR(I) = (WR(I) 1 (1.+UECPV(I)+WCPV(I)))/WRU(I) 

These variables affect the wage rate whether exogenous or 
endogenous wages a~e beine used (thus, two equations). The effect 
is to increase the cost of 1 abor by industry but not to increase 
take home wages. If the new high tax rates are combined with new 
higher payments then VPOL should be changed accordingly. 

VPOL TRANSFER PAYMENTS· MILLIONS OF DOLLARS-SEE WPV 

VPOL = WPV 1 VPOL•(CPI/XCPI) + (1.-WPV) 1 VPOL 

V = (XV*((PDP-DEPSHR*ETOT)/(POPU-ETOTU))~VU~MVPV)+VPOL 

This va~iable works in much the same way as the TPOL variable 
above. However an increase in VPOL will increase disposable 
income while an increase in TPOL will dec~ease disposable income. 

WADJPV EPOL OR SALPOL EFFECT ON WAGE RATES DEFAULT: YES:O. NO:l. 

TE : TE+E(I)-WADJPV 1 EPX(I) 

TE : TE+(l.-WADJPV)I(ECSD+EGSLSD) 

E(NM+2) : E(NH+2)+(1.-WADJPV) 1 ECSD 

E(NP+l) = ECNP+1)+(1.-WADJPV) 1 EGSLSD 

OD(J) : OD(J)+0CC(I,J) 1 (E(I)-EPX(I) 1 WADJPV) 
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E(NH+2) : E 01M+2 )-( 1. -WADJPY) •ECSD 

E(NP+1) : E(NP+1)0(1.-WADJPY)•EGSLSD 

For WADJPV's default value of 0 exogenously intrcduced employment 
will affect wage rates if the endogenous wage rate version of the 
model is being used. If WADJPY is set equal to one and the 
endogenous wage rate version of the model is used then the 
exogenous direct employment or sales will not affect wage rates 
but all other employment changes will affect wage rates. This 
might be desired in a case where the direct exogeneous change is 
brief and will have little time to work its way into wage rates. 

WCP WORKM C~P-EACH PRIVATE SECTOR S CHANGE OF TOTAL WAGE RATE 

These val"iable affect the wage rate and cost of labor by industry 
in the same·manner as the UECPV variables. See the equations and 
explanation for UECPV above. Changes in spending due to changes 
in WCPV must be introduced through transfer payments (VPOL). 

WPV REAL (T-1) OR NOMINAL DO~LARS DEFAULT: NOMINAL:O. 1:REAL. 

When WPV equ~ls its default value of zero then you must input 
policy variables in nominal dollars. Thus, if your dollar input 
does not-grow as fast as the CPI your exogenous demand will 
decrease as prices increase. If WPV:1 then your variable must be 
in the dollars of the last histo!"ical yea!" (when XCPI was set). 

WSDAPV WAGE BILL ADJ.-EACH PRIVATE SECTOR EMPLOYEES(THOUSANDS) 

WSD(I) : E(I)*WR(I) 1 MWSDPV+(WR(I) 1 WSDAPV(I)) 

This variable is used to change the wage payment for a sector 
without changing the wage rate. It is expl"essed in employee 
units. Suppose you were making an exogenous addition of 10 
employees to the lumbe!" industry and it was known that these 10 
employees had special skills and would be paid at 50 percent above 
the industl"y average wage. Then rathe!" than changing the average 
wage we add the 10 employees to indust!"y employment E(I) th!"ough 
EPOL and account fo!" the extra wage disbursements by adding an 
effect of 5 extra employees with a WSDAPV for the lumber industry 
equal to .005. WSDAPV adjustments are made for all industries by 
the conjoining pl"ograo and for the special translator variables 
below to reflect different average wage rates in the 3-digit 
industries that make up each 2-digit indust!"y. When some 3-digit 
indust!"ies a!"e stimulated mo!"e than others, the effect is to alter 
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the industrial mix at the 2-digit level. This means that the 
conceptual industry-wide rate will change, but it would be a 
mistake to change the m~el's indust~y wage rate because it would 
make the local industry less competitive--something an industrial 
mix change should not do. 

XC POL EXPORT COSTS-EACH PRIVATE SECTOR COST CHANGE-·~ OF TOTAL COST 

CCX(I) = P(l)+XCPOL(I) 

This increases the comparative cost of exports onlY from the 
state. It is most often used in transportation simulations where 
a new transportation facility reduces expo~t cost. It could also 
be used if a state subsidized or taxed all export sales. 

XMNRPV NON-~ESID. INV. ADJUSTMENT ~ OF NON-RESID. INV. 

MULINR = XMULNR'XMNRPV 

This variable is used to increase or.decrease non-residential 
investment spending. 

XTRPOL TQqAL TAX RATE ON WAGES CHANGE IN PERCENTAGE POINTS 

TRPOL = XTRPOL 

COWR(j) = UK + (TRPOL-TRPOLL)+ACTCPI 1 [ (RCPIL 1/RCPIL2)-1.) + 

(OCCRES(j) 1 [(0D(j)+.01)~0TRPV)} - 1.)+(0.1S~[(EPR/EPRA)-1.) 
ODA(j)+0.01 

. TRPOLL = TRPOL 

This variable can be used to pass a tax rate increase into the 
nomirial wage on the theory that the wage is set by supply and 
demand and that an incr~ase in taxes shifts supply eno~gh to 
maintaill a constant real wage (if 100~ is passed on). 
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II. Special Translator Policy Variables 

"J:he REMI FS Model System includes a n1.111ber or 'special translator' policy 

. ~;r,. variables. Each translator represents a broad based econc:m1c activity that 
.· .. 

··· ... 
is passed to the FS model through a co:nbination of regular policy variables by 

the 'SINT532' program. There are five major categories of special translators: 

Description 

1) Changes in production for 
agricultural sectors 

2) Levels of spending for 
construction projects 

3) Changes in State/Local 
Government activity 

!I) Changes in tourism 

5) Changes in trucking costs 

'I'r an sl a tor 
ID Number 

101-117 

201-225 

301-3011 

!101-!106 

"501-503 

Units 

Regular 
Policy 
Variables 
Affected 

millions of dollars DEHPOL 

millions of dollars DEHPOL 

millions of dollars DEHPOL 

thousands o.f v 1 si tor DEt1POL, SAL POL 
days 

percentage points HCPOL,ICPOL,XCPOL 

See the Annotate<! Policy Variable List for a discussion of 
HCPOL ~ ICPOL , and XCPOL. 

DEMPOL , SALPOL , 



AGRICULTURE 

There are 17 agriculture translator policy variables : 

PVID NAME/DESCRIPTION 

----·---
101 DAIRY FARM PRODUCTS 
102 POULTRY AND EGGS 
103 MEAT AIIIHALS 
104 MISCELLANEOUS LIVESTOCK 
105 COTTON 
106 FOOD GRAINS 
107 FEED GRAINS 
108 GR}SS SEEDS 
109 TOBACCO 
110 FRUITS 
111 TREE NUTS 
112 VEGETABLES 
113 SUGAR CROPS 
114 MISC. CROPS 
115 OIL BEARING CROPS 
116 FOREST PRODUCTS , 
117 · GREENHSE &: NURSERY PRODS 

The change in production for a specific type of agriculture is entered in millions 
of dollars (see regular policy variable WPV), but is passed to the model as 
the dollar levels or output from the rest of the economy demanded by that change 
in production- the first round indirect effects in Input/Output terms. 

DEI~POL(j) = VALUES(i) * ASD(i,j) j:, -4 9 

where, 

VALUES(i) is the dollar value of increased production for the i'th type 
of agriculture 

ASD(i,j) is the cents •1orth of the j'th sector used per dollar of the 
i'th agriculture sector- an input/output coefficient 

The wa~e bill for this increase in agricultural production (FSD) is passed to the mo: 

FSD(i) = VALUES(i) * ASD(i,50) * ASD(i,54) 

where, 

ASD(i,50) is the value ajded per dollar of production for the 
i'th agricultural sector 

ASD(i,54) is t.he proport.lon or value added that is wages 

19 



t? AGRICULTURE - Continued 

·· .. 
i. 

ln the model the additional agricultural employment (EFSD) implied by the change 
is calculated : 

.EFSD : FSD I ( WRF • FSDWA ) 

where, 

WRF is the average wage rate for agriculture 

FSDWA is an adjustment for differential wage rates - the .specific agricultural 
wage rate relative the the average agricultural wage rate (RWR) 

The level of agricultural proprietor's incane - YENT(1ll) - in the model is incremented 
by the additional agricultural employment times the average agricultural worker's 
proprietor's inc~e rate, with an adjustment- FSDYA- for a sector specific rate 
differential (RYR). 

This additional employment is NOT directly added to agricultural 
employment in order NOT to double count the indirect demands of the 
increased agricultural production. 

' 
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RD~l FS53 SP[CIAL TRANSLATOR POLICY VAHIABLES : AGRICULTURE 
CENTS Of JTH SECTOR PER DOLLAR OF ITH TRANSLATOR (DOWN A COLUMN) 

101 102 103 104 105 106 101 

SIC 24 • 000373 • 000015 • 000208 • 000028 • 000049 • 000029 • 000123 
SIC 25 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 32 • 0001l39 .000012 • 000056 • 000052 • 00001l9 .000029 • 000304 
SIC 33 .0000ll1 .000001 .000188 0.000000 0.000000 0.000000 .000093 
SIC 311 • 00281l2 .001106 • 002309 • 001l27l • 001121 • 001192 • 0021l33 
SIC 35 .005553 .002864 .007624 .002095 .009131 .0082111 .009880 
SIC 36 • 000354 • 000005 • 000650 • 000132 • 001101 • 001028 .001311l 

Sic 371 .000731l .000306 .000862 .000050 .000679 .00051l1 .000529 
SIC R37 ·• 000011 • 000009 • 000037 • 003321 • 000035 • 000020 • 000025 

SIC 38 .000002 .000002 .000012 .000463 .000006 .0000011 .000005 
SIC 39 • 000005 • 000005 • 000075 . • 000481 • 000016 • 000010 • 000012 
SIC 20 • 177 822 .466693 .157057 .267587 .000092 .000053 .000065 
SIC 21 0.000000 o. 000000 0.000000 • 000007 0. 000000. o.pooooo 0.000000 
SIC 22 .001018 .000027 .000114 • 002360 .000107 .000060 .003454 
SIC 23 • 000041l .000010 • 000044 • 000970 • 000031l • 000026 • 000028 
SIC 26 .012065 .013140 .000517 .000236 .000406 .0002ll1 .0001l50 
SIC 27 • 000055 • 00001 q • 000326 • 0003ll3 • OOOOI.l7 • 000038 .000128 
SIC 28 .007455 .007167 • 0052ll2 .0071l03 .214717 .092527 • 1 q 1 327 
SIC 29 .010881 • 010772 .()14555 • 022229 • 050859 • 061556 .065810 
SIC 30 .0057ll8 .001956 .005236 .000314 .005722 .00ll930 .006168 
SIC 31 • 000005 • 000005 . 000020 • 025ll98 .000016 • 000009 • 000011 
HINHIG .000070 .000002 .000014 .000005 .001l847 .006072 .009401 

COliST • 007685 • 005201 • 006825 . • 002 851l • 01 031 8 • 009699 • 008657 
R-ROAD .003811 .008335 • 004684 .004226 .006396 .003993 • 00ll7 95 

TRUCKING • 031666 • 005552 • 007528 • 006339 • 005691 • 003570 • 00793 9 
LOC-INTER .000018 .00001ll .000060 .000219 .000056 .000032 .OOOOllO 
' AIR • 000288 • 000069 • 000285 .000475 .000268 • 0001 5ll • 000189 

OTH-TRANS .000676 .001207 .0012ll6 .000196 .002551 .002392 • 003043 
COOM • 002807 • 002ll89 • 0041l26 • 002901 • 00231l4 • 002718 • 002463 

UTILS .Q10301 .009454 .015589 .009606 • 01ll471 • 007228 .010309 
BANKING • 007267 • 003ll52 • 010879 • 002126 • 006837 • OOI.l568 • 001j521 

INSURANCE .005102 .002891 .006840. • 0021j 80 .0077l.l4 .007837 .006361 
CRED+FIN • 0006l.l2 • 000429 • 000090 • 000051 • 000079 • 000400 • 000368 
REAL-EST .023193 .012622 .030803 .025239 • 1283ll2 .J34081 .087206 

EAT+DRINK • 000881 .000383 • 000736 • 000381 .000136 • OOOI.l08 • 000382 
R-RETAIL .000982 .011925 .001796 .004877 .000100 .000138 .000123 

WHLSALE .02513ll .040521 • 054 770 • 033217 .035190 • 025285 .037293 
HOTELS .000019 .000016 .000065 .000343 .000061 .000035 .00001j3 

PERSONAL • 000115 • 000010 • 000034 • 000091 • 000024 • 000019 • 000020 
PRIV HH 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

AtrrO-REP • 003989 .001571 • 004533 • 001326 • 003682 • 002651 • 002675 
MISC-BUSI .005885 .001712 .005670 .003421 • 012569 .011967 .015842 
AHUS+RECR .000018 .000029 • 0001 1 0 • 000109 • 000056 • 000029 .000036 

HOT PICT .000024 0.000000 .000001 0.000000 0.000000 0.000000 0.000000 
MEDICAL .001268 .020251 . 002920 • 007701 • 000009 • 000005 • 000006 

MISC PROF .002482 .001563 .002758 .000668 .001l.l11 .001633 .001520 
EDUCATION 0.000000 0.000000 0.000000 • 000068 0.000000 0.000000 o.oooooo 

!ION-PROF • OOO!j 80 • 000328 • 00057 9 .000044 .000048 .000355 .000317 
AFF • 027935 • 13ll975 • 031299 • 01 1042 • 194602 • 02059ll .02.0356 

VAL ADDED .393213 .089997 .235858 .319ll11 .266592 .557191. .495848 

RWR 1. 634000 1.311000 ,lj99000 • 395000 2.348000 .953000 
' 

. 987000 
RYR 1. 956000 .236000 • 354 000 • 160000 .766000 3.289000 2.798000 

·w i Vil. • 1~«UUU .14b'<UUU .l':JcOOU • 295000 • 34 1 000 • 04 7000 • 056000 



0! ,, 
~\": REMI FS53 SPECIAL TRANSLATOR POLICY VARIABLES : AGRICULTURE 
i~l. 

- CENTS OF JTH SECTOR PER DOLLAR OF ITH TRANSLATOR (OO'rlN A COLUMN) 1..: 

·-i 

108 109 110 111 112 113 1111 
.!=!·: . 
.... ) SIC 211 • 000169 • 000030 • 029428 • 000031 • 0005113 • 0000511 • 000051 
H' 

SIC 25 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
h···: 

• 000169 • 000030 • 0000411 .000031 • 0000211 .000071 .000051 
~ ':'' SIC 32 
v~. SIC 33 0.000000 0.000000 0.000000 0.000000 0.000000 .000003 0.000000 

SIC 311 .000379 • 001195 .001722 • 000071 • 001226 • 000862 .000115 
C/ SIC 35 .015265 .009973 .0011337 .000097 .005230 .0063113 .000157 
,·~· 

Ul SIC 36 • 000063 .000011 .000519 .000012 • 000578 • 0000111 • 000019 
SIC 371 .000267 .001001 .000070 .000050 • 0001106 .000086 • 000081 

(;3, SIC R37 .000120 .000021 .000031 .000022 • 000017 .ooo.61 9 .000036 
(.': SIC 38 .000022 .0000011 .000006 .0000011 .000003 .000088 .000007 

i·J SIC 39 • 000057 • 000010 • 000013 .000009 • 000007 • OOOP99 • 000015 

C: SIC 20 .000319 .000057 .008973 .000058 . • 0000115 .001256 .000095 
~ .. :: SIC 21 • 000001 0.000000 0.000000 0.000000 o. 000000 .000001 0.000000 
{>: SIC 22 .000369 .007519 .000096 .000068 .000052 .000521 • 0001 11 

SIC -23 • 000118 • 000021 • 002093 • 000021 .002511 .000205 .000035 
SIC 26 .001397 .000250 .007309 • 000260 • 002660 .0001168 .000422 
SIC 27 • 000163 • 000029 .000903 • 000028 • 000022 • 000103 • 0000115 
SIC 28 .1118113 .02561111 .2231191 • 196408 .106609 • 196269 .367831 
SIC 29 • 0611509 .035061 • 063569 • 056735 • 025561 .0110503 • 025337 
SIC 30 .Oll5025 .010193 .003ll02 .000011 • 0031190 ;0011101 .000017 
SIC 31 .000056 • 000010 .000012 • 000009 • 000007 .000016 .00001ll 
MINING :oooo3o .002302 .002146 .000006 .003721 .003237 .007554 

CONST • 000722 • 012650 .006144 • 009427 • 006093 .009010 • 000209 
R-ROAD .000140 .000762 .006102 • 004675 .003ll85 .005662 .012521 

TRUCKING • 0162111 • 002318 • 005793 • 000067 • 006932 • 004346 .0067811 
LOC-INTER .0001911 .000035 .000050 .000036 .000028 .000097 ."000058 

AIR • 000921 • 000165 • 000379 .000171 .000131 • 000351 • 000278 
OTH-TRANS .000083 .000015 .0020811 .000015 .001183 .000057 .0000211 

Ca-lM • 000371 • 002881 .002166 • 000062 • 002510 • 0024811 .000101 
UTILS .000682 ;ooo121 .0043611 .000122 .002589 .000291 .000198 

BANKING • 011963 .005056 • 003362 • 003605 .00111193 .006779 • 005562 
INSURANCE .010632 .011841 .003975 .0011703 .0011060 .009556 .000088 

CRED+FIN • 000273 • 0000119 • 000071 • 000051 • 0001107 • 000089 • 000082 
REAL-EST .068559 • 109320 .0111368 .015806 .0311951 .085087 . 0116260 

EAT+DRIIIK • 0001180 • 0000811 • 000199 • 000080 • 00038, .000191 .000129 
R-RETAIL .• 0003117 .000062 • 0044 92 .000064 .007348 .000129 .000103 

WHLSALE • 037037 • 053677 • 0116086 • 037850 • 050053 • 029677 • 054178 
HOTELS .000210 .000038 .000055 .000039 .000030 .000123 .000063 

PERSONAL • 000087 • 000015 • 000017 • 000012 • 000010 ;000035 .• 000020 
PRIV HH 0.000000 0.000000 0.000000 0.000000 O;OOOOOO 0.000000 0.000000 

AUTO-REP • 000909 • 005189 • 001820 • 000168 • 002372 .002913 • 000273 
MISC-BUSI .0178911 .007558 .009949 .008500 .006583 • 011085 .009153 
.AHUS+RECR .000220 • 000033 .000021 • 000015 • 000017 • 000039 • 000025 

HOT PICT 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
MEDICAL • 000030 .000005 .000008 • 000006 .• 0000011 .000010 • 000009 

MISC PROF .000799 .001659 .001ll32 .0001116 .oo1s35 .000353 • 000237 
EDUCATION • 000001 0.000000 0.000000 0.000000 0.000000 • 000012 0.000000 

NON-PROF .000167 .000030 .OOOOil2 .• 000030 .0003211 .000051l • 00001l8 
AFF • 058758 • 021l535 • 068014 .069028 .053451 • 011881l6 • 011 ll 1 2 9 

VAL ADDED • 5191153 .658358 .455502 .585589 • 638637 .519067 .ll16472 

R'n'R 2. 141000 3. 364000 3-390000 3.1l57000 2.016000 2.009000 2. 178000 
RYR 1. 4 50000 4.017000 1.131l000 1. 304000 1. 534000 .914000 . 632000 

W I VA • 200000 .124000 '. 336000 . • 309000 • 182000 .271000 . 368000 
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REHI fS53 SPECIAL TRANSLATOR POLICY·VARIABLES: AGRICULTURE 
CENTS Of JTH SECTOR PER DOLLAR Of ITH TRANSLATOR (DOWtl A COLUMN) 

115 116 117 

SIC 211 • 0000211 • 001127 • 0000115 
SIC 25 0.000000 o.oooooo 0.000000 
SIC 32 • 000024 • 000836 • 0011556 
SIC 33 0.000000 .001777 0.000000 
SIC 34 • 001224 • 045660 • 001064 
SIC 35 .010153 .0131146 .006883 
SIC 36 .001293 .001331 • 000018 

SIC 371 .000639 .001885 .000071 
SIC R37 .000017 • D1611LIO • 0000311 
·SIC 38 .000003 .002277 .000007 
, _SIC 39 .000008 • 002553 • 000029 

SIC 20 • DOOOil 5 • 010799 .000096 
SIC 21 0.000000 .000033 • 000001 
SIC 22 .000052 .012011 .002281 
SIC 23 .000017 .005129 • 000038 
SIC 26 .000199 .OOOil07 .0031l15 
SIC 27 • 000922 • DO 1555 .000066 
SIC 28 .081534 .015302 .006271 
SIC 29 • 054022 .052615 • 0220117 
SIC 30 .005892 .0011677 .0191182 
SIC 31 • 000007 .000199 • 000031 
MINING .002097 .001057 .003708 

CONS! .011557 ~001213 • 006326 
R-ROAD .002330 .002144 .001307 

TRUCKING • 0039116 • 0111359 • 008368 
LOC-INTER .000028 • OOi 201 .• 000053 

AIR .000131 .00241lll • 000250 
OTH-TRANS .0623112 .001900 .000030 

COMM • 002733 .0011l91 • 003103 
UTILS .001276 .000954 .0220711 

BANKING • 005130 • 003078 • 004372 
INSURANCE .006941 .0011906 .0051l93 
CRED+FIN • 00051l6 • 0001l47 • 000073 
REAL-EST .092212 .007926 • 017608 

EAT+DRINK • 000396 • 002064 • 000221 
R-RETAIL • OOOOil 9 .0013117 .032033 

WHLSALE • 021063 • 029687 • ()64264 
HOTELS .000030 .001709 .000059 

PERSONAL • 00001 1 • 0001l56 • 000063 
PRIV HH 0.000000 o.oooooo 0.000000 

AUTO-REP • 002863 • 009520 • 003141l 
HISC-BUSI .015584 .017175 .022950 
AMUS+RECR • 000022 • 000093 .000301 

HOT PICT 0.000000 0.000000 0.000000 
MEDICAL • OOOOOil. • 000003 • 000008 

HISC PROF .001635 .003370 .001812 
EDUCATION 0.000000 • 00051l8 .000001 

NON-PROF .00031lll .000238 .000057 
'AFF • 025328. • 177202 .018462 

VAL ADDED • 629370 .521954 .713463 

RWR • 864000 2.088000 2.215000 
RYR 2.113000 3.482000 .799000 

W I VA • 065000 • 092000 • 319000 
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P COliSTRUCTION 

,·,.,. 
I ~: 

; . ., 

There are 25 construction translator policy variables : 

PVID 

2or 
202 
2<l3 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 

NAME/DESCRIPTION 

NEW RES 1 UNIT STRUC, NONF 
NEW RES GARDEN APTS. (1101 
NEW RES ADDS & ALTER., NON 
NEW HOTELS AND MOTELS (110 
NEW INDUSTRIAL BUILDINGS 
NEW OFFICE BUILDINGS 
NEW STORES & RESTAURANTS 
NEW RELIGIOUS BUILDINGS 
NEW EDUCATIONAL BUILDINGS 
NEW HOSPITAL & INS! BLDGS 
NEW OTHER NONFARM BUILDING 
NEW TELEPHONE & TELEGR FAC 
NEW RAILROADS 
NEW ELECTRIC UTIL FACILITI 
NEW GAS UTILITY FACILITIES 
NEW PETRO. PIPELINES 
NEW WATER SUPPLY FACILITIE 
NEW SEWER SYSTEM FACILITIE 
NEW HIGH'riAYS & STREETS . . 
NEW FARM RESID, INCL ADDS 
NEW FARM SERVICE FACILITIE 
NEW PETRO-NAT GAS WELL DRI 
NEW MILITARY FACILITIES 
NEW CONSERV & DEVELOP FAC 
OTHER NEW NONBLDG FACIL (1 

The spending level for a spec.ific type of construction is entered in millions 
of dollars (see regular policy variable WPV), but ·is passed to the model as 
the dollar levels of output from the rest of the economy demanded by that change 
in spending- the first round indirect effects in Input/Output t~rms. 

DEMPOL(j) : VALUES(i) t ASD(i,j) j:1-49 

where, 

VALUES(i) is the dollar value of increased spending for the i'th type 
of construction 

ASD(i,j) is the cents worth of the j'th sector used per dollar of the 
i'th construction sector- ·an input/output coefficient 



I 

~ 

CONSTRUCTION - Continued 

The spending level for this construction project is adjusted for 
sector specific productivity and passed to the model : 

CSD(i) : VALUES(i) • ASD(i,56) 

where, 

CSD(i) is the dollars spent on.1'th construction project 

ASD(i,56) is the ratio of the specific employee per dollar output 
to the average employee per dollar output (REPV) 

In the model the additional construction employment (ECSD) implied by the change 
is calculated as the spending times the employee per dollar of output (sales) 
times the regional purchase coefficient : 

ECSD = CSD * ( E(n~+2) I (WSD(nm+2)/ALPHA(nrn+2)) ) • R(nro+2) 

where, 

E(nm+2) is the employment in the construction industry 

WSD(nm+2) is the wage bill in the construction industry 

ALPHA(nn+2) is the wage per dollar of sales for the 
construction industry 

R(n~+2) is the regional purchase coefficient for construction 

The level of construction wages - WSD(nrn+2) - in the model is incremented by the 
additional construction employment times the average construction worker's wage 
rate, with an adjustment- CSDWA- for a sector specific rate differential (RWR). 

The level of construction proprietor's income - YENT(rn+2) - in the model is incre:nente 
by the additional construction ernplo~ent times the average construction worker's 
proprietor's income rate, with an adjustment- CSDYA- for a sector specific rate 
differential (RYR). 

Tnis additional. employment is NOT directly added to construction 
employment in· order NOT to double count the indirect demands of the 
increased construction spending. 



nr REHI FS53 SPECIAL TRANSLATOR POLICY VARIABLES : CONSTRUCTION 
)lj 

C£NTS OF JTH SECTOR PER DOLLAR OF ITH TRANSLATOR (DOWN A COL.UHN) 
;-'']· 

Ci 
....... , 201 202 203 -~l 

204 205 206 207 

t:l SIC 211 • 1742811 .086925 -178286 • 0113330 • 007936 • 0195311 .023195 
. -.j SIC 25 .002502 .• 002932 .005688 .006720 .000948 .003819 .002920 
t···- SIC 32 • 083502 .070786 .061867 • 095888 .055555 • 093162 .089086 
t--:" 
~..,,:; SIC 33 · .012671 .017432 .025188 .023671 .012401 .024801 .028115 
Ut: SIC 311 .057519 .0825119 .097397 .108325 .341905 • 194504 .171243 

SIC 35 .0111318 .017424 .0121167 .017954 .038392 .026923 .021227 
:·:1. ,,.. SIC 36 .012312 .015143 • 0304112 • 020662 • 016684 

I 
.030318 .031244 

n~ SIC 371 .000277 .000176 .000195 0.000000 0.000000 0.000000 0.000000 
·· .. SIC R37 0.000000_ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 . ,_ 
(_;,I, SIC 38 .0011125 .001867. .001250 .0021107 • 0021155 • 001111011 .OOll239 
C.• SIC. 39 .001852 • 000792 • 001229 0.000000 0.000000 • 000219 .000618 

·-- SIC 20 .000187 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
1•.1' 

SIC 21 • 000066 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 c:; 
t····.': SIC 22 .010802 .0013672 .002645 .001805 .OQ0171 .002180 0.000000 
r) SIC 23 • 000097 .000070 0.000000 0.000000 0.000000 .0.000000 o.oooooo 

SIC 26 .0014590 .003082 .005522 .001103 .000377 .001141 .0012146 
SIC 27 .000303 • 000062 0.000000 . o. 000000 0.000000 0.000000 0.000000 
SIC 28 • 0011.1441 .009007 • 012308 .009829 .006075 .005633 .009305 
SIC 29 .010193 • 008901 • 001l322 .01454ll .008016 • 00951l0 • 020327 
SIC 30 .013591 .0111481 .021747 .009428 .0031l03 .009ll67 • 009557 
SIC 31 0.000000 0.000000 0.000000 0.000000 0.000000 o.oooooo 0.000000 
MINING .003780 .005872 .002ll86 .008927 .003905 .008165 .0110ll3 

CONST .0004ll2 .000141 0.000000 ·o.oooooo 0.000000 .000307 -. 000272 
R-ROAD .007799' • 00llll55 .006671 .002909 .003517 .003043 .003632 

TRUCKING .012910 • 014307 .010198 • 014142 .010780 • 014559 • 020223 
LOC-INTER • 000138 .000044 0.000000 o.oooooo 0.000000 0.000000 .00008ll 

AIR • 000881 • 000387 • 000325 .000702 0.000000 • 000615 • 000419 
OTH-TRAllS .001728 .000801 .000903 0.000000 .000591l .000819 .000796 

COMM • 00ll145 .001303 • 000976 • 002808 0.000000 • 003029 .002701 
UTILS .001891 .000563 .OOOil19 • 001201l 0.000000 .001332 .001151 

BANKING • 003327 • 001039 .000781 • 002207 0.000000 • 002444 .002177 
INSURANCE .002989 .001514 .001373 .001805 .000351l .001961 .001769 

CRED+FIN • 000382 • 000158 .000145 0.000000 o. 000000 - • 000190 • 000167 
REAL-EST .0073ll4 .002307 .001735 .OOil915 0.000000 .005370 .OOil783 

EAT+DRINK • 006356 • 001999 .001496 .004313 0.000000 .OOil638 .OOll1ll5 
R-RETAIL .053010 .031l029 .060053 .021361l .016649 .023616 • 023049 

WHLSALE .040527 • 031062 .043849 • 026580 .032191 • J31796 • 030250 
HOTELS .000206 .000062 0.000000 0.000000 0.000000 .0001ll6 .000136 

PERSONAL .000108 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
PRIV HH 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

AUTO-REP • 003470 .001661l .001681l .001505 • 000511l .001536 .001287 
HISC-BUSI .012531l .006137 .006273 .005617 .002250 .005821l .OOll752 
AMUS+RECR . obo 132 .OOOOilll 0.000000 0.000000 0.000000 0.000000 0.000000 

MOT PIC! 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
MEDICAL 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

HISC PROF .0329ll5 .• 059913 .003570 .071411l .0289914 .071507 .06801l7 
EDUCATION .OOOOilll 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

NOll-PROF .000692 .000220 • 000159 .000502 0.000000 .0005ll1 .OOOlll40 
AFF .001191 .001726 Q.OOOOOO 0.000000 • 000206 .000776 .OOO!l40 

VAL ADDED -396095 .492952 • 396352 .ll731l20 .ll05728 -392140 .ll05916 
' 

RWR .743000 1.114000 .801000 1.151000 1.139000 1.151000 1.150000 
RYR 1.080000 .7ll3000 1.034000 .821000 .870000 .910000 .8211000 

l-f I U ._ ~ ..... ~ ..... ,...,... ..,"..,."""" ,,...,..,,.._..., 
.75!fGUG .7~iUUO .735000 .753000 I on • vv.• '"'""'v • IV I VVV • UC ':;1UVV 

REPV •1.111560 1.159551 1.078585 • 9201ll8 -912746 .900801 .9214728 

..,,-



R~MI fS53 SPECIAL TRANSLATOR POLICY VARIABLES : CONSTRUCTION 
CENTS OF JTH SECTOR PER DOLLAR OF ITH TRANSLATOR (DO\W A COLUMN) 

215 216 217 218 219 220 221 

SIC 211 0.000000 0.000000 0.000000 • 0051159 .006229 .161830 .092303 
SIC 25 0.000000 0.000000 0.000000 o.oooooo 0.000000 .001739 0.000000 
SIC 32 .025938 .0011012 .0522511 .111282'3 .120406 .063662 • 129487 
SIC 33 .078203. .180610 .191228 .088992 .010068 .{)16317 .035195 
SIC 34 • 229019 .177100 .228955 .060315 .073188 • 073760 • 2113222 
SIC 35 .004420 0.000000 0.000000 .0110303 .001739· .010833 .001923 
SIC 36 • 0111887 .017551 .007236 • 011012 • 006975 .019326 • 009787 

SIC 371 0.000000 0.000000 0.000000 o.oooooo .000405 0.000000 o.oooooo 
SIC R37 0.000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 0.000000 

SIC 38 .035559 .• 009110 .009943 .004845 0.000000 0.000000 .0006311 
SIC 39 0.000000 0.000000 0.000000 0.000000 • 003093 0.000000 0.000000 
SIC 20 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 21 0.000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 0.000000 
SIC 22 0.000000 0.000000 0.000000 0.000000 0.000000 .005350 0.000000 
SIC 23 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 26 0.000000 0.000000 0.000000 0.000000 .000160 .001739 .002775 
SIC 27 O.OOODOO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 28 .008646 .014459 0.000000 .002981 .007381 .009028 .005353 
SIC 29 • 113307 .107898 .008451 • 011385 .113121 .006821 .017368 
SIC 30 .008711 0.000000 .012373 .005851 .001376 .016250 .016822 
SIC 31 0.000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 0.000000 
HIN111G .01li367 .01387li .002ll30 • 020515 .057552 .003ll77 .015686 

CONST 0.000000 0.000000 0.000000 o.oooooo .000085 0.000000 0.000000 
R-ROAD .002925 .003427 .001933 .002832 .005525 • 005417 .005527 

TRUCKING .010271 • 009026 . • 007402 .015969 • 021758 .007423 .013196 
LOC-INTER 0.000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 0.000000 

AIR .000130 0.000000 0.000000 0.000000 .000352 0.000000 .001049 
OTH-TRANS .OD3120 0.000000 0.000000 .000913 .003029 0.000000 .001158 

COMM .001820 0.000000 0.000000 • 002236 .000875 .001538 .000677 
UTILS .COOll55 0.000000 0.000000 • 000578 .000373 0.000000 0.000000 

BANKING .001ll30 0.000000 0.000000 .001807 .000693 .001204 .000568 
INSURANCE .002015 O.OODOOO .005579 • 00ll267 .002llll2 .001872 .002075 

CRED+FIN 0.000000 0.000000 0.000000 0.000000 .ODD2ll5 0.000000 o. 000000 . 
REAL-EST .003250 0.000000 .0010ll9 .003987 .001536 .00271<2 .001223 

EAT+DRINK .002795 0.000000 .00099ll .0034ll7 .001333 .002407 .001092 
R-RETAIL .022167 .0165ll8 .025351l .0102ll8 .013ll18 .050020 .. Oll31l75 

WHLSALE .050900 .Oil8809 .033252 .035813 .034578 .036378 .040308 
HOTELS 0.000000 0.000000 0.000000 0~000000 0.000000 0.000000 0.000000 

PERSONAL 0.000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 0.000000 
PRIV HH 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

AUTO-REP .003315 .004597 .001326 .003820 .003ll24 .00271l2 .001835 
MISC-BUSI .011051 .0161l65 .011l196 .015615 .011882 .009563 .006598 
AMUS+RECR o .. 000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 0.000000 

HOT PICT 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
MEDICAL 0.000000 o.oooooo 0.000000 0.000000 0.000000 0.000000 o.ciooooo 

HISC PROF .013261 .0101lll7 .021542 .0261l03 .020628 .029825 .005462 
EDUCATION o.ooocioo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

NON-PROF 0.000000 0.000000 0.000000 0.000000 .000149 0.000000 0.000000 
AFF 0.000000 0.000000 0.000000 .000950 .000288 0.000000 0.000000 

VAL ADDED -338035 .366068 .37ll503 .476631l ~ll75693 .4587ll0 .305202 

RWR 1.093000 1.100000 1.089000 1.137000 1.125000 .817000 .816000 
RYR 1.336000 1.784000 .809000 1.440000 1. 287000 1.140000 .982000 

W I VA .642000 .574000 .7~7000 .634000 .657000 .611000 .6~5000 

REPV • 677659 .600157 .864896 .8939ll1 .953797 1.077116 .837940 
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r+· REHI FS53 SPECIAL TRANSLATOR POLICY VARIABLES : CONSTRUCTION 
I: CENTS Of .JTH SECTOR PER DOLLAR OF ITH TRANSLATOR (DOWN A COLUMN) 

208 209 210 211 212 213 . 214 
JJ 
.. t 

SIC 24 -371557 .024137 .031269 .029786 .012998 .035835 .032690 
}·.·\ 

i··::. SIC 25 .003826 • 002784 .001109 .018811 .000818 0.000000 0.000000 
i··:\ SIC 32 .0211292 .075423 .07110411 .097055 .040840 .020225 .060655 
c::~ SIC 33 .006312 • 022974 • 029749 • 027119 .259906 .147550 • 067603 

SIC 34 .033569 • 167859 .123659 .137677 .090259 • 181485 .280507 
SIC 35 .004686 • 015507 • 029667 .029091 • 007714 0.000000 .003320 

·· .. SIC 36 .007651 .031129 .035214 .027702 .035931 .058233 .0381107 

L) SIC 371 0.000000 .000196 0.000000 0.000000 • 000327 o.oooooo .000260 
-\ SIC R37 0.000000 0.000000 0.000000 0.000000 0.000000 o.oooooo o.oooooo 

'-··' 
SIC 38 .001339 .003488 .005937 .0051110 .000912 0.000000 .006128 ··., 

r<~ SIC 39 0.000000 .0001117 .000288 0.000000 0.000000 0.000000 0.000000 
SIC 20 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

h:>· SIC 21 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 22 0.000000 .008204 .000966 .001750 • 000397 0.000000 0.000000 
SIC 23 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 26 0.000000 .001392 • 001520 .001111 .000327 0.000000 .000686 
SIC 27 0. 000.000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
SIC 28 • 0027711 • 006321 .0069Q4 .006252 .001800 0.000000 .001238 
SIC 29 .005069 .022958 .007396 .009086 .026299 .0111524 .003391 
SIC 30 .002101l .oq91l 16 .01146!1 .010420 .003062 0.000000 • 001640 
SIC 31 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
MINING .002391 .011905 • 007396 .008808 .008018 .021311 .001877 

CONST 0.000000 • 00024 6 .000226 .000306 0.000000 0.000000 0.000000 
R-ROAD • 001339 • 003652 .003102 • 002890 .002361 .003394 • 002950 

TRUCKING .0011973 .017292 .015655 .013476 .014657 .021311 .007547 
l.OC-INTER 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oooooo 

AIR 0.000000 .000540 .000349 .0001117 0.000000 0.000000 .000189 
OTH-TRANS 0.000000 .000966 • 000531l • 000917 .0008112 0.000000 .0009911 

COHH 0.000000 .002522 .002239 .003056 .000958 0.000000 • 000568 
UTILS 0.000000 • 001097 • 000945 .001305 • 0002 31l 0.000000 .00011l2 

BANKING 0.000000 .002030 .• 001787 .0021l45 .000771 0.000000 .000457 
lNSURANCE 0.000000 .001981 .00i418 .001834 .0011l26 . 0. 000000 • 001230 

CRED+FlN 0.000000 .000196 0.000000 0.000000 0.000000 0.000000 .000181 
REAL-EST .001148 .004470 .003924 .005418 .001730 0.000000 .001009 

EAT+DRINK .001052 .003848 .003410 .001l696 .001520 0.000000 .000875 
R-RETAIL .011l537 .022499 • 021695 .020978 .011502 • 005701 .013912 

WHLSALE .023527 .029655 .028578 .0311l25 .031676 • 039772 .035773 
HOTELS 0.000000 • 000131 .0.000000 0.000000 0.000000 0.000000 0.000000 

PERSONAL 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
PRIV HH 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

·AUTO-REP 0.000000 .001736 .000966 .001639 .002758 0.000000 .002177 
MISC-BUSI .001626 • 006190 .003904 .005918 .009421 .006241l .007539 
AHUS+RECR 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oooooo 

MOT PICT 0.000000 0.000000 0.000000 0.000000 o.oooooo 0.000000 0.000000 
MEDICAL 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

MISC PROF .034813 .107993 • 107018 • 095082 • 017696 .01001l5 .032043 
EDUCATION 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

NON-PROF 0.000000 • 000426 .0003Q9 .000500 0.000000 0.000000 0.000000 
AFF 0.000000 .000933 .000288 0.000000 0.000000 0.000000 o.oooooo 

VAL ADDED .4511l15 • 387758 .436989 -397888 .412839 .1134369 -394009 

RWR 1. 152000 1.153000 1.152000 1.150000 1. 077000 1.081000 1.108000 
RYR .879000 .968000 .883000 .979000 .632000 .888000 -931000 

WI VA • 'I Ll~UOU .u.wuu .7llUOUO .720000 • 7!:19000 • 727000 • 723000 
REPV . -953198 .836)711 -958242 .852517 1.029518 -930562 .88791l9 



REIU FS53 SPECIAL TRANSLATOR POLICY VARIABLES : CONSTRUCTION 
CENTS OF JTH SECTOR PER DOLLAR OF lTH TRANSLATOR (DOWN A COLUMN) 

222 223 2211 225 

SIC 24 .001718 .016513 .011807 .028535 
SIC 25 0.000000 .001.1832 0.000000 .000378 
SIC 32 .045207 .082808 .036716 .0658711 
SIC 33 .121654 .031.1065 .022837 .01111113 
SIC 311 .012397 .151795 .079542 • 1331111 
SIC 35 .049150 .019693 .005023 .009269 
SIC 36 .006725 .026910 .007069 .010664 

SIC 371 .001480 0.000000 .0006ll7 • 0001107 
SIC R37 0.000000 0.000000 0.000000 0.000000 

SIC 38 0.000000 .0011526 .001683 .001656 
SIC 39 0.000000 .000673 0.000000 .000901 
SIC 20 0.000000 0.000000 0.000000 0.000000 
SIC 21 0.000000 0.000000 0.000000 0.000000 
SIC 22 0.000000 .0013ll5 0.000000 0.000000 
SIC 23 0.000000 0.000000 0.000000 0.000000 
SIC 26 0.000000 0.000000 0.000000 0.000000 
SIC 27 o.ooopoo 0.000000 0.000000 0.000000 
SIC 28 . .0311657 .0086811 .0011169 .002121 
SIC 29 .031389 .029050 .064913 .050503 
SIC 30 .0053711 .008623 .007664 .004417 
SIC 31 o.oooooo 0.000000 0.000000 0.000000 
MINING .004182 .016696 .023148 .028012 

CONS! 0.000000 0.000000 0.000000 0.000000 
R-ROAD • 011642 .002507 .002978 .003225 

TRUCKING .013480 .014617 .010823 .025891 
LOC-INTER o.oooooo 0.000000 0.000000 0.000000 

AIR o.oooooo 0.000000 o.oooooo 0.000000 
OTH-TRANS .OC4569 .000795 .002279 • 001 104 

COHH .000765 .001712 .000803 .000959 
UTILS 0.000000 0. 000000 . o.oooooo 0.000000 

BANKING .000626 .001407 .000647 .000726 
INSURANCE .004669 .002079 .002097 .002179 

CRED+FIN .001113 0.000000 0.000000 0.000000 
REAL-EST .001351 .002997 .001398 .001627 

E:AT+DRINK .001192 .002630 .001217 .0011l82 
R-RETAIL .006169 .019754 .009373 .010141 

WHLSALE .031250 .030090 .024909 .023769 
HOTELS 0.000000 0.000000 0.000000 0.000000 

PERSONAL 0.000000 0.000000 0.000000 0.000000 
PRIV HH 0.000000 o.oooooo 0.000000 0.000000 

AUTO-REP .012496 .003670 .005437 .003603 
tiiSC-BUSI .043170 .013638 .01BB2ll .013890 
AHUS+RECR 0.000000 0.000000 0.000000 o.oooooo 

HOT PICT o".oooooo o.oooooo 0.000000 0.000000 
MEDICAL 0.000000 0.000000 0.000000 o.oooooo 

MISC PROF .001281 .074674 .028689 -058436 
EDUCATION 0.000000 0.000000 0.000000 0.000000 

NON-PROF 0.000000 0.000000 0.000000 0.000000 
"AFF 0.000000 .001223 0.000000 .000581 

VAL ADDED .552294 .421993 • 625307 .502121 

RWR 1.365000 1.145000 1 • 1 i7 000 1.126000 
RYR 1. 014000 1.157000 1. 233000 1. 417000 

w i VA .r•nuuu .titJ'lUUU .ti6:,uuu -b35000 
RE:.PV . .929433 -834.191 1.246161 .9ll8379 
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STATE/LOCAL GOVERNMENT 

There are four state/local government translator policy variables :· 

PVID 

301 
302 
303 
304 

NAME/DESCRIPTION 

EDUCATION PURCHASES BY STATE/LOCAL GOVERNMENT 
HEALTH,WELFARE,SAtHTATION PURCHASES BY STATE/LOCAL GOVERI~MENT 
SAFETY PURCHASES BY STATE/LOCAL GOVERNMENT 
OTHER GEN PURCHASES BY STATE/LOCAL GOVERNMENT 

The change in a specific type of activity is entered in millions of dollars 
(see regular policy variable h'PV), but is passed to the model as dollar levels 
of production across specific sectors needed to support that level of activity -
the first round indirect effects in Input/Output terms. 

DEMPOL(j) : VALUES(i) * ASD(i,j) 

where, 

VALUES(i) 

ASD(i ,j) 

is the dollar value of increased activity for the i'th 
type of state/local government. 

is the cents worth of the j'th sector used per dollar of 
the i'th state/local government activity - an input/output 
coefficient. 

Further, the wage bill paid to the state/local government workers (GSLSD) , associatej 
with this increased activity, is calculated and passed to the model : 

' 
GSLSD(i) : VALUES(i) * ASD(i,50) 

where, 

ASD(i,50) is the cents worth of labor per dollar of activity 
(for govern:nent all of value added is considered labor) 

In the model the additional state/local gov.errunent employment (EGSLSD) implied by the 
change is calculated as : 

EGSLSD: GSLSD I WR(nP+1) 

where, 

is the wage rate for state/local goverrunent workers 

This additional employment is NOT directly added to state/local govern':lent 
employment in order NOT to double count it's indirect de.11and across the rest 
of .the econcxny. 



REM! FS53 SPECIAL TRANSLATOR POLICY VARIABLES : STATE/LOCAL GOVT. 
CENTS OF JTH SECTOR PER DOLLAR OF ITH TRANSLATOR (DO'rlN A COLUMN) 

301 302 303 3011 

SIC 211 .000655 o.oooooo .000097 0.000000 
SIC 25 .0011908 .001098 .002027 .002650 
SIC 32 .001085 .00110211 .001158 .000179 
SIC 33 .000039 0.000000 .000338 .000033 
SIC 311 .002268 .000573 .001786 .000276 
SIC 35 .{)09698 .003627 .002172 .008731 
SIC 36 .0011223 .0022113 .0011778 .0011130 

SIC 371 .0011370 .003181 :o17665 .0181185 
SIC R37 .<JOO 117 o.oooooo .ci03ll27 .001967 

SIC 38 .0031112 .0125311 .0021211 .00351111 
SIC 39 .0062117 • DO 11132 .000579 .002569 
SIC 20 .0251197 .026611 .008398 .0001111 
SIC 21 0.000000 0.000000 0.000000 0.000000 
SIC 22 .0002811 .001813 .0001183 .000065 
SIC 23 .000225 .0021150 .0011633 .000325 
SIC 26 .005230 • 0011979 .001979 .00111106 
SIC 27 .0225811 .0038119 .001062 .013218 
SIC 28 .0058116 .038955 .000965 .0011682 
SIC 29 .007029 .005217 .007191 .006715 
SIC 30 .0009118 .003977 .005357 .0001139 
SIC 31 0.000000 .000080 .000676 0.000000 
MINING .000205 .0001113 0.000000 .001138 

CONST .093698 .01125311 .0111701 .1180555 
R-ROAD .000987 .001018 .000531 .001203 

TRUCKING • 0011077. .009067 .002992 .0011942 
LOG-INTER .0091111 .001209 .000483 .001951 

AIR .0017110 .001527 .001014 • 003902 
OTH-TRANS .000372 .000986 .000338 .000537 

COMM .006325 .006076 .005550 .019737 
UTILS -031207 .007206 .007722 .024322 

BANKING 0.000000 o.oooooo 0.000000 .038076 
INSURANCE .003920 .005010 .000676 .002699 

CRED+FIN 0.000000 0.000000 .001738 .003219 
REAL-EST .005455 .013345 .002799 .020583 

EAT+DRINK -.041022 .002672 .000821 .004520 
R-RETAIL .-.003578 .010339 0.000000 .000602 
~/HLSALE .014186 .018579 .C07288 .007560 

HOTELS -.005866 .004406 .001738 .006373 
PERSONAL .003070 .012518 0.000000 0.000000 

PRIV HH 0.000000 0.000000 0.000000 0.000000 
AUTO-REP .001232 .000859 .0051611 .005674 

MISC-BUSI .018566 .0211766 .006226 .021558 
.AHUS+RECR -:·0063.16 .000048 .000097 -.001333 

HOT PICT .0002511 .000032 .0001115 .000049 
MEDICAL -.006316 .247026 0.000000 0.000000 

MISC PROF .012729 .029284 .002462 .024728 
EDUCATION -.000684 .000095 • 000917 • 000325 

NON-PROF 0.000000 ·o.oooooo 0.000000 0.000000 
·AFF .000626 .000159 0.000000 .000537 

VAL ADDED • 751325 .444455 .842705 .254016 

'1 
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TOURISM 

There are six touriSm translator policy variables : 

PVID NAME/DESCRIPTIOII 

~01 VISITORS-COMMERCIAL'LODGING 
~02 RENTALS, MISC. ACCOH 
~03 LODG W/FRIEND OR RELATIVE 
~04 CA!~PING 

~05 TOURIST-DAY TRIPS 
406 TOTAL TOURISTS 

The change in a particular type of tourism is entered in thousal')ds of tourist 
visitor days per year, but is passed. to the model as tourist dollars spent across 

l 

specific sectors:. 

DEMPOL(j) : VALUES(i) * TUREXP(i,j) 

SALPOL(j) = VALUES(i) • TUREXP(i,j) 

where, 

j = 1-37 j = 39-49 

j = 38 (HOTELS) 

VALUES(i) is the number of tourist visitor days for the i'th type of 
- tourist. 

TUREXP C i ,j) is the dollars spent per i'_th tourist visitor day in the 
j' th sector. 



STATE/LOCAL GOVERNMENT 

There are four state/local government translator policy variables :· 

PVID NAME/DESCRIPTION 

301 EDUCATION PURCHASES BY STATE/LOCAL GOVERNMENT 
302 HEALTH,k'ELFARE, SA!liTATION PURCHASES BY STATE/LOCAL GOVERilHENT 
303 SAFETY PURCHASES BY STATE/LOCAL GOVERNMENT 
30~ OTHER GEN PURCHASES BY STATE/LOCAL GOVERNMENT 

The change in a specific type of activity is entered in millions of dollars 
(see regular policy variable k'PV), but is passed to the model as dollar levels 
of production across specific sector·s needed to support that level of activity -
the first round indirect effects in· Input/Output terms. 

DEMPOL(j) = VALUES(i) * ASD(i,j) j = 1-119 

where, 

VALUES( i) 

ASD(i,j) 

is the dollar value of increased activity for the i'th 
type or state/local governme~t. 

is the cents worth of the j'th sector used per dollar of 
the i'th state/local government activity - an input/output 
coefficient. 

Further, the wage bill paid to the state/local government workers (GSLSD) , associate 
with this increased activity, is calculated and passed to the model : 

GSLSD(i) = VALUES(i) * ASD(i,50) 

where, 

' ASD( i,50) is the cents worth of labor per dollar of activity 
(for government all of value added is considered labor) 

In the model the additional state/local government employment (EGSLSD) implied by the 
change is calculated as : 

EGSLSD = GSLSD I WR(nP+1) 

where, 

WR(nP+l) is the wage rate for state/local government workers 

This additional employment is NOT directly added to state/local govern":lent 
employment in order !lOT to double count it's indirect de.1land across the rest 
of the econcrny. 



'TRUCKING COSTS 

There are three trucking cost translator policy variables : 

PVID NAME/DESCRIPTION 

501 TRUCKING COSTS FOR IMPORTED GOODS AND SERVICES 
502 TRUCKING COSTS FOR EXPORTED GOODS AND SERVICES 
503 TRUCKING COSTS FOR GOODS AND SERVICES SHIPPED WITHIN-STATE 

The change in a particular type of trucking cost is entered as the percent change 
in the cost of truck transport, but is passed to the mcxlel as a percent change in 
the appropriate total cost of doing business across specific sectors : 

HCPOL(j) = VALUES(i) 1 TRKCOS(1,j) 

XCPOL(j) = VALUES(!) t TRKCOS(2,j) 

ICPOL(j) = VALUES(i) 1 TRKCOS(3,j) 

j = 1-'19 

j = 1-119 

j = 1-'19 

where, 

VALUES(i) 

TRKCOS(i,j~ 

is the percent change in trucking cost for the i'th type. 

is the i'th trucking cost as a proportion of the j'th 
sector's total cost of doing business. 

)4 



REMI FS53 SPECIAL TRANSLATOR POLICY VARIABLES : TRUCK COSTS 

TRUCKING COSTS AS A PERCENT OF TOTAL COST PER SECTOR (DOWN A COLUMN) 

501 502 503 

SIC 211 .012000 .012000 .012000 
SIC 25 .002000 .002000 .002000 
SIC 32 .030000 .030000 .030000 
SIC 33 .{)11000 .011000 .011000 
SIC 311 .017000 .017000 .017000 
SIC 35 .0011000 .0011000 .0011000 
SIC 36 .003000 .003000 .003000 

SIC 371 .001000 .001000 .001000 
SIC R37 .001000 .001000 .001000 

SIC 38 .003000 .003000 .003000 
SIC 39 .0111000 .0111000 .0111000 
SIC 20 .008000 .008000 .008000 
SIC 21 .020000 .020000 .020000 
SIC 22 .025000 .025000 • D-25000 
SIC 23 .003000 .003000 .003000 
SIC 26 .Oli7DOO .0117000 .0117000 
SIC 27 .004000 .004000 .004000 
SIC 28 .020000 .020000 .020000 
SIC 29 .150000 .150000 . • 150000 
SIC 30 .022000 .022000 .022000 
SIC 31 .001000 .001000 .001000 
MINING .070000 .070000 .070000 

CONST 0.000000 o.oooooo 0.000000 
R-ROAD 0.000000 0.000000 0.000000 

TRUCKING 0.000000 o.oooooo 0.000000 
LOC-INTER 0.000000 o. 000000 . 0.000000 

AIR o.ot>oooo o.oooooo o.oooooo 
OTH-TRANS 0.000000 o.oooooo 0.000000 

COMH 0.000000 0.000000 0.000000 
UTILS 0.000000 0.000000 0.000000 

BANKING 0.000000 o.oooooo 0.000000 
INSURANCE 

, 
0.000000 o.oooooo 0.000000 

CRED+FIN 0.000000 0.000000 /0.000000 
REAL-EST 0.000000 o.oooooo 0.000000 

EAT+DRINK .001000 .001000 .001000 
R-RETAIL .001000 .001000 .(101000 

WHLSALE .010000 .010000 .010000 
HOTELS 0.000000 o.oooooo 0.000000 

PERSONAL 0.000000 0.000000 0.000000 
PRIV HH 0.000000 o.oooooo 0.000000 

AUTO-REP 0.000000 0.000000 0.000000 
MISC-BUSI o.oooooo o.oooooo 0.000000 
AHUS+RECR 0.000000 o.oooooo 0.000000 

MOT PICT 0.000000 o.oooooo 0.000000 
MEDICAL 0.000000 0.000000 0.000000 

MISC PROF 0.000000 0.000000 0.000000 
EDUCATION 0.000000 0.000000 0.000000 

NON-PROF 0.000000 o.oooooo 0.000000 
AFF 0.000000 o.oooooo 0.000000 

)5 



APPENDIX XX. 

THE MASSACHUSETS ECONOMIC POLICY ANALYSIS MODEL TRACK RECORD: 1977-1983 



-- •Mil Comments 

: "" r-,onneastern United States has been viewed as hav

·~ a srrong. nigh-Quality neallh care system: Yet, Quality 
s arso evioent In otner parts of the country. In tact, 

cr.anges among providers, consumers. and corpor.ations 

'''at have alfecteO the dehvery and cost.of health care 
· ave been more pronounced outside the Northeast. The 

·:t'•l few years rn Massachusetts may see similar up
neavars ano hopefully benefits, as health care becomes· 
·'>rreas.ngly competitive 

Footnotes 

Roc:.ert Teotetman. ''Taking the Cure:· Forbes (June 41. 1984), 
62.91 
NPw Yor• 1•mes (March 29. 1982). 

.• Mec11cat tconomlcs (M;.y 30, 1983~ 

The Massachusetts Economic 
0 olicy Analysis Model 
Track Record: 1977- 1983 

Jonn Lanzillo 
Margaret Larson 
George I. Treyz 
Roy E. Williams 

The Massacnusetts Econ'omic Policy Analysis (MEPA) 

'"0(~er ..,as been used to make forecasts of the state 

economy extending out for three years quarterly for the 

:as• seven years Smce mid·1978 these forecasts have 

. •een publiShed quarterly in the Massachusetts 'Business 

2"d Economic Report. Table I shows the·mean absolute 

;>C?rcen:age error for !he forecasts made in January 10 

;each of those years. 

Tne MEPA mean absolute percentage errors tor the ma· 
,::>r concepts predicted by the .model are shown in the first 

r:olumn of Table I. The errors for the comparable vari· 

1n1es 10 the U.S. forecasts by ·oat a Resources. Inc. (OR I) 
""which the MEPA Massachusetts forecasts were based 
.,,. shown in the second column. The MEPA forecasts 
.vere made at a much more detailed level and theri agcre· 

oaled The ORr inputs actually used were also on a much 
·•,ore derailed level than these aggregate va.riables. For 

·~<.-:h MEPA forecast. 94 U.S. varlables·were used lnclud-

. ,..:; employment forecasts for each of 28 U.S. Industries. 

·'.:>wever. the forecast errors are given for MEPA and DRI 

agwegate forecast variables to provide a summary basis 

'C'' e1·aluating the s•ze ot the error. Surprisingly, the ·error 

•n the state forecasts was usually smaller than· the error 

~the U.S. lorccasts us~d as Inputs. This result Is dlff•cult 

·. ~, nlain because the state forecast was made condl· 

··:11ia1 on ~~"'!e u.S. forecast. 

ln Tahl~ 2. ~he t~rs: 1nree vat1avle::, are er~·.;-,1c.,·m~·· .. .., 

abies. Here we note That tne MEPA average absolute er· 
ror (Table I) in prediCting employment in manufacturtng 

was two percent tn the f11st year and about f•ve percent 

in the second ana thirO years while the error 1n preO•Ct· 

ing non.manufactunng was sl•ghtly more than hall lh•s 
amount. Despite the rela!lvely good performance ol the 
Massachusetts economy relat•ve to the U.S when com. 

pa.ad with the period preceding 1977, we still note by 

looking at the .percent error (Table 2) an upward bias in. 
the MEPA forecasts after the flfst year of forecast. 

Our hypothesis IS that th1s b1as as well as a substantial 

proportion of the erro1 In the MEPA forecast was due to 
the forecast's conditionality on a U.S. forecast that itself 
was In error. To test this definitively. we could reproduce 
each of the MEPA forecasts from 1977-1983 with all in

puts to the motlel the same except for the U.S. forecast. 

Instead, we ~xamlned the errors in each of the individual 
MEPA and DRI forecasts. We found that the correlat•on 
t:>etween the employment forecast errors was .91. This 
high correlation indicates that a high proportion of the 
MEPA error is prooably due to the error in the ORr tore· 

cast. 
The consumer price •ndex forecast •s a prediction of the 

Boston area AII·Uroan Consumer Pflce rnoex. This fore· 
cast is erosely related to the ORr torecast of the U.S. Con· 

sumer Price Index. Therelore, it is not surprismg to l•nd 

very erose forecast records. An examination of the •no•v•d· 

ual forecasts shows underpred•ct1ons of inllat10n in the 

earlier forecasts and overpred•ctions •n the later lore· 

casts. 
The MEPA forecasfs of personal income and personal 

disposable income are outcomes of a full s•multaneous 

solution of the MEPA model. Thus, they are not directly 

related to the ORr income forecasts. Here. we f1nd MEPA 

errors of aoout one percent 1n the first year, three percent 

.in the second year and four percent in the thlfd year . 

Table 2 shows a sl•ght tendency by both MEP;, anc by 

DRI to overpredict the level ol· persbnal .ncome. The corre· 

lat•on between the errors In the MEPA anc DRI personal 

income forecasts was .92. Compar~ng MEPA and DRI lore· 
casts. we f1nd that the DRI forecast error IS agaon slight!)· 
h•gher. Tt11s is hard to explain s.nce one wculc expect 

that errors maoe in the national forecast would be •ncor

porated •nto the state forecast and that, then, add•t<onal 
error would arise from errors introduced by the MEPA 
model. Our only explanation. is that judgmental fine tun· 
ing adjustments of the MEPA forecast may have oflset. 1n 

part, errors in the nat•onal forecast inputs used by the 

mOdel. 
In summary, there is evidence that any error that m1ght 

have been Inherent in the MEPA mOdel was more than oft . 

set by fine tuning of the MEPA forecast in the presence o 

errors in the U.S. forecast. This forecast record prov•ces 

important indirect evidence validating lhe structural rela· 

tlonships incorporated into the MEP/1 model anc 1n other 

current state mooels that incorporate the same mo:Jeiln>: 

approach 
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Table 1 

Mean Absolute Percentage Error for 
·Ex Ante Forecasts 1977-1983 

MEPA DRI 
Massachusetts u.s. 

Forecasts Forecasts 
Total Employment 

One Year Ahead 1.41 
Two Years Ahead 3.2 
Three Years Ahead 3.4 

Manufacturing Employment 
One Year Ahead 2.2 
Two Years Ahead 4.9 
Three Years Ahead 5.0 

Non-Manufacturing Employment 
One Year Ahead 1.41 
Two Years Ahead 2.6 
Three Years Aheaa '3.1 

Consumer Price Index 
One Year Ahead 1.3 
Two Years Ahead 4.6 
T,.,ree Years Ahead 6.2 

Personal Income 
·one Year Ahead 1.1 
Two Years Ahead .3.2 
Three Years Ahead .0:.1 

D1~posable Income 
One Year Ahead 1.2 
Two Years Ahead 2.8 
Three Years Ahead 3.7 

:·.lassacnusetts Business and Economic Report 

EOifonal Aavi:sory Bcurr:f 

~!Jrry T Allan, Dean. SchOOl of M'anaoement 

4,ctlaro As~broolw.., Professor of Accounting 

::Ser. Branch. Protessa< of General Buslnes, & Finance 

\.','tlliam R D•llon, Professor o1 Mar1t.etlng 

~'Jna!C:: Karren. Assistanl ProfeUQ( ol Management 

~•'!OIQe Souo. Assoc•ate Dean. School Of Management 
1!'~ S v.•o11. Associate Dean, SchOOl ol Management 

1.1 
2.3 
3.1 

2.9 
6.1 
5.3 

0.6 
1.6 
2.6 

.2.0 
5.4 
9.6 

1.4 
3.9 
6.1 

1.2 
3:7 
5.6 

Table 2 

Mean Percent Error lor 

Ex Ante Forecasts 1977-1983 

MEPA ORI 
Massachusetts u.s. 

Forecasts Forecasts 
T.otal Employment 

One Year Ahead .0.6 .Q.S 
Two Years Ahead 0.4 04 
Three Years Ahead 1.6 1.6 

Manufacturing Employment 
One Year Ahead .().8 ·1.3 
Two Years Ahead 2.4 0.9 
Three Years Ahead 4.7 1.9 

Non-Manufacturing Employment 
One Year Ahead .().5 .().5 
Two Yeara Ahead .().2 .0.3 
Three Years Ahead 0.7 0.5 

Consumer Price Index 
One Year'Ahead 0.1 .()7 
Two Years Ahead .().3 ·1.5 
Three Years Ahead ·2.2 -<14 

Personal .Income. 
One Year.Ahead .Q. 1 .().3 
Two Years Ahead 0.6 0.7 
Three Years Ahead 1.3 1.0 

Disposable Income 
One Year Ahead 0.4 0.1 
Two Years Ahead 1.6 1.4 
Three Yeare Ahead 2.2 1.5 

The ~ews etpr-...ed by contr1bUtlng al.ltnors are not necessarily thOse o! 

1J'MI Report, tr-.. Sct.oo! of Mar'\aoement.. Of the Unl""'slty. Tr..e &dJtor wei· 

c:ornes cC)rTVnllnts e..bOYt th&e Ia sue •nd sugoestlons tor future tnclus•on. 

Cop'fT1Qht 1~ S.Cr.ool of Man•oement Unt"'ers.lty of Massachusetta, 

Amherst, ~A 01003. Content of thla publication may oe reproouceo only 

with pe!'TT'Il5Sion of Management Research Center. 

SubscnottOI"'S to the R.EPORi •re available tre-e of charge hom the 

School of Mar\I!Qement, Untvers!ty o! t.Aassachusetts. A.mt\erst, MA OtOOJ 
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APPENDIX XXI. 

SCALE ECONOMICS AT LAND DISPOSAL FACILITIES 



Disposal 
Cests 

Are 
Based 

On 
Daily 

Tonnage 
By Kevin D. Granl 
and 
Douglas W. Cooper, Ph.D. 

COST considerations, as anyone who 
has studied the subjoct knows. play 

a major role in selecting alternative> for 
disposing of solid wastes. This paper 
presents an ite:nized analysis of munic· 
ipal lar.dfill disposal costs, from "'h:ch 
an estim.uiug model for average landfill 
costs v.as formubted. Not surprisinglv, 
rhe :mal)·sis demonstri<tes !hat daily ui;· 
posal tonnage is rhc most Significant 

'' 

Doualas l\'. Cooper is Llill·c:ot c.1/ 11 .. "' 
~-n,·lfonn}c-nJiif JiL".;J/th ,\J:u:.tpc1:J, u: 
ProgriJ.rn ancJ .:Jn .anoct~lfc..' prdfc ...... oi :If 

J/iJn·r :-d Uni' ,.~sity'" Scl~t?t' 1 n( l'ul!i1r 
Hr3.IIJJ. K~~in D. Grant o .1 rr:11fu.;:t' 

[actor affecting average landfill costs. 
Gencrallr. rhe uudy concludes. lcmcr 

costs per ton are rtalizcd 8' a l~!ldfill"s 
operating capacity increases. In llddi
tion, it ,.•as noted lhat environmental 
protection regulations, while imposing 
relatively small cost increases on large 
capacity landfills (as low as S 1.47/ton 
for a 1,750-ton·per-week facility). 
might very "ell impose increases on 
5mall facilities (those handling less than 
)50 tons per week) B)'lproaching S"O a 
I On. 

This analysis is separalt'd into t\\O 
component•: operational :md regula
lory costs. Operational co~ts were taken 
as the capital and variable costs of daily 
landfill operation. such· as labor. equip. 
ment and fill material. The opportunity 
cost of resources were owned by the 
community or purchased for use. Cap
ital costs were amoni::cd; innatron \\'as 
accounted for and an additional 6'7o 

discounr rare was applied. 
Capacity, as measured in tons per 

day, was deri,·ed by dividing yearly ton
nage by 365 d.ays. It was assumed that 
the landfills operated on a five-day 
week (a rhree.day week for the 10 TPD 
landfill). Thore!ore. a landfill would 
actually handle seven-fifths of the daily 
tonnage given. 

A re!use-to-fill-ratio of 2: I v.·as used 
for all capacities. with the exception of 
the 250-TPD landfill for which a 3: l 
refuse-to-fill ratio was used. 

Cost Data 

Tables I and 2 present results of 
analyses of landfill dispo"'l costs for 
five hypothetical facilities.' Table I pre
sents data for costs that would be in· 
curred from a typical, well,operated 
landfill. The data given in Table 2 are 
th~ additional costs that could be in· 
curred from groundwater. surface wa
ter and safety requirements. · 

The analysis .<hows rhat the a,·era£e 
cost of landfill disposal (S/ton) do· 
creases as a landfill's dad) tonnaEe in· 
creases. The rcl:!tions.hip found from 
our cost ~~timatcs was that total cost 
was proportil,na! i.u capJ:ity (ir1 TPDJ 
to the 0.6 rower. 1 his relationship is 
similar to c·ther cost.'cap:ri1y rcl~tion
shijJ~ ob~erveJ m major enginccr1ng 
projects.' (Bridg"·~ter and ,\lum!crd' 
!l.ummari7~d many ~uch rcllition~h~~~ 
fot processes and equipment relaterl to 
wast~ n:or.agement and li"ed landfill as 
propor:ional to rhe 0.9 power of ca. 
pacit~·.) 

Increasing returns to scak were no1cd 
within ;h~ lar.~:c or l.:lndfill capa.:-iti('\ 
anJlyu·C. lhc rrl.l;ions!tip in tertn~ llf 
a\'t.'f~fC (('V,\ \~ ~': 

e,,c .. ~ tO,.:Q.r·· 
wh~..·lt' C., .. :l1t ..:q•;.Jl't' 1..'<"-! per t(ll. lu' 

l.:1ndflll A \,1 c~pact~· {..) ... (1n TPL)) and 
(',..;..,;he: ~\·cr::~·c cc•!.t p\.1 i~'n lo1 IJ:~d 

fill b tiP·"Ur.\t,:C: h' h·.· ~nO\\"' nf l-;,•,;•-

arc, the more accurate rhe estimat~ (Q. 
0111d 0 •. >hould be wirhin an or<Jcr of 
milgnitude of each other). This rcla· 
tionshtp can be rmployed to e•timate 
landfill costs in the following manner: 
Q •. an existing landfill of 100 TPD has 
c. c Sl2; the rstimate for c. for Q. 
~ 25 TPD is: 

C.- (S12)(100125)' • S21 
The largest cost factors (e,cluding 

regulatory costs) for all landfill c:~pat:· 
·ilie(, analyzed were 1hO\C for equipment 

:~mJ l:~bor. (Equipment plus Iaber ''''" 
SI9.16/ton for a 10-TPD landfill and 
:S.J.Il71ton for a 250-TPD landfill). The 
a,·erage cost of equipment and labor 
for small facilities was estimated to n
ceed total operational and regulatory 
induced cost for a lar~te operation. 

Economies of sca!e were observed for 
Operational and environmental regula· 
tory costs. Groundwater protection re
quireme:Hs could result in a m<uimum 
S3/ton cost increase at 250-TPD land· 
fill while a 10-TPD or 25-TPD landfill 
could be expected to have additional 
increases of Sl2/ton and S9/ton, re· 
specuvely. 

Points to Consider 

There are three points about landfill 
disposal Of refuse that require disCUS· 
sion. First, there appears to be an 
abundance of small landfill operations. 
According to one industry sun·ey. more 
than SOS"o of municipal landfills are Op· 
crating under 50 TPD. and more than 
95"7o are under 100 TPD. 1 In vie"'· of 
our analysis. landfills operating at less 
than 50 TPD are in general uneconom
ical. The increasing rerurns to scale of. 
fered by larger landfills moy not ha\C 
been considered by communities. 

Second. "'< found that communities 
often underestimate their diSposal cost. 
In a recent analysis prepared by the 
Mitro Corp. and the Massachusetts Bu
reau of Solid Waste DJSposaJ. commu
nities reported their avera~;< landfill 
cost 10 be S7 /ton.' An anal) sis of ac:
tual cost incurred at these same landfills 
indicatt"d th;.t .;0~\S wc:e mer~ than 
$1 ]/ton.~ \\'c e~tim:\tt th::t the ave:ae.e 
l~ndi;ll CU'I for these lanuiills shn~id 
ha\t: hrt':'l morr than SJS/!on for a 
proper f~!..'ilny opcrilt1on. Communiti~s 
m;1~ unc.krcsrimatc co~1 by nn1 ,·ouming 
all costs ond/or operate landfills in an 
un~ounJ manner. Such undetes.umation 
of '''"'Hill costs ~y communittes "-ill 
re£·.1lt in subo;nimal soluti0ns for solid 
WJ.,tt.: d1~pos.Jl probkms. 

1 hnd. ron')tt.kr th~: rr0Mlcm 0f en. 
fn;~·::1~: l.!. ~fill rq::ul:uion~. It ~~ dlffj. 
cul: tn 1n~pL'CI and ,,_.nfol rr r~gul~tions 
on :1 l;n).:~· numt'Cf uf ~lli.Jii land(i/1\, 
·\~· ·:-~~··;.: :,~ ~~~c \l.!,,:Jrbu .. clt~ Oren 
1 1.1::1p 11:-.c:Hnrr .• lllliL'.~J '?0 1

'" .. ,.r rhc 
:_7; '.•;)UJt!llf lJ1h1f!l!-. 1n th(" Commol;
'''·':1:1 \\l:-c nut \d ~,n1llpl1~n..:-c ··'ilil l"~n:.: 

'·' "·'' ........ -- . 
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Table 1: Landfill Cost - Typical Operation 

Annualized operational cost (S/lon) 

10 

1. Preliminary slud•es .73 
2. Land .24 
3. Stle prt:-paration .84 
4. Fill mater•al 1.27 
5. Ut1lities .2a 
6. Roadways 1.30 
7. Ft::-.cmg .55 
8. EQuipment 10 02 
9. 6u1101ncs 1.'9 

10. Labor 9 14 
11. M•scellaneous .21 
12. Final cover 1.26 
13. Encineerrng 1.26 

Total Cost/Ton 28.59 

Economic Sense 

Landfill disposal of solid waste seems 
likely to continue 10 be an economical 
solution. Howe\er. the- current di~tri· 

bution or landfill capaciltes indicates 
instances in which refuse is "probably 
being disposed of· in an uneconomical 
manner. Singlc·community ~elutions 

for waste disposal are often uneconom
ical, imposing unnecessary costs upon 
ta,payers. II is also more difficult and 
more costly 10 regulate a large number 
of small landfills. Environmental and 
safety regulations impose a substan
tially lo,..er cost per ton on large f;,cil
ities and on their regulators than on 
smaller landfills and thelf regulators. 

Community officials should join to
gether and investigate methods to re
duce their sol1d "'·aste costs while im
provint:. their current dispo~<:~.! pr.octices. 
\\'hen considering reg1onal solut1ons, 
hauling colts (ba,ed on haul time) be
come an important e-conomic consider· 
ation. E,·en sn, regional dtsposal alter
natives are likely 10 be cosH:ffecti,·e for 
a Iorge majority flf communities.' 

Faciltty S1ZC (TPD) 
25 50 100 250 

.30 '15 .09 .OJ 

.19 '16 .15 .06 

.66 .57 .53 .21 
1 '10 1.10 1' 10 .75 
.20 '17 .14 .06 

1.09 .97 1.08 .0 
.31 .21 .28 .11 

7.29 5 43 3.76 2.38 
.60 .45 .30 '12 

4 40 3.55 2.62 1 .<9 
'11 .08 .08 .OJ 

1 13 1.08 1.08 .43 
.93 .80 .78 .41 

18.31 15.71 11.99 6.51 

More options are available for Sllln); 
a regional landfill than arc a,·ailable to 
a single community. A regional or 
multi-communtty facillly can be sited 
away from environmcntaliy-sensitivc 
areas, and a larger total amount of 
money can be spenl on cnv~rflnmcntal 
safety. LJ 

'Detculed Cost An411ys•s ol Muntc:•oal Waste 
Orsposal Allernattves. K. D. Gr41nl. Han.CitCI 
School ol PuDirc Health, Boston MA, May 
1961. 
;Cie Neutuille, R. oand Staftord, J. t-1. Systems 
Analyst:; lor Eng•neer~ •nCI Managers. Me· 
Graw-Htll, New Yorio.., 1971, PD. 192·19"'. 
3Scrvey ol U.S D•soosat Practtces. Waste 
Ape. January 1976, PD .Ct;-..41. 
•oe1a11ed FeastDIII!y Stuoy Repon tor \he Cen
tral Massachuse:ts Resource Recovery Pro1-
ect. NI>~He 1 echnrcat Reoor.. MTR BO wrr.F.:70, 
M•tre Corp., Beotorc MA. 1980, p 33. 
~~nalyStS ol UnCIItll Costs. T. lyncl"'. Mas~
chuseus Sureau of Soi•C 11-'aste OtS::KJs.ct. 
Boston M~. 1SSO 
'Massachusens Open Dump Inventory. an l'i· 

. traoepanmental Reoon ol the OEO£ K t..-or-
lon Massachusetts Otvts•or. of Envtronmental 
Ou;;.ltly Enc•nee11nc. Boston MI.. H?81. 
76r•OQewater, A V. ~nc Mum1orc. C J. Was:e 
Rec.,-cltn~ anc Ponutton Con1rol Hanct>co~ .. 
van Nostrand RetnhOIC. New Yorio... pp. 6.32-
635. 

Tcble 2: Estimated Additional Cost of Environmental 
Regul~tions 

AnnualizE'd Cost (S/ton) 
t=.;ctllly S•ze tTPD! 

10 25 50 100 250 
1. Bz· ~ m?lt.•rial 

A. Sand only 1.29 .9J .87 .81 33 
B. C1ay ha~.e 3.91 3.00 2.C5 2 •6 .99 
C. S:-o"'llttCIIC base 10 !)t: € 12 7' 15 6.63 2.66 

2. Leachale co~leC\•on 2.03 L25 1.01 .e• .39 
3 l E-.Ji.llate t·tztment 

an c.! ~~(;! cgc .~6 20 .23 19 .05 
4, Le:,chale f':lO'Iilormg , .37 55 <1 .27 22 
5 G~c ..-r:r,ltrq; ~:·J 

n1u:1::(1:,,:q <.cs 1 50 1.00 L·~ 
,~ 

"' 
6 En~·r:·~·, r.··~ 1 ·' 7 b6 51 :~;-. , f, 

Total cr;~t/l\'n 

S.1nrl t...:J.: L' .: .1!7 5./1 -~ (.j .l 1~ '.-
Clay ba5C , ;> 70 6 21 ll GO ~ b~ ~ .~ 

Synthelrc bi\c..e ,c; 7, 1J,j3 11 ', 8 9 (32 • '1 
IIO,·,t:J pl(:st!l ,,, 

,... 1 .:.•t~nr'• ...... ,-. 
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ECONOMIC SIMULATION OF PROPOSED RULES: INPUT VALUES 



I 

TABLE I 



SWM SYSTEM DEVELOPMENT ~ 02:08:53 PM 
PCA RULE-IMPOSED COSTS: 01/28/88 

1988 - 1995 

YEAR 
CATEGORY 

I. CAPITAL ELEMENTS 
Number oF sites closed 

COSTS Units: 
Upgrade 

Water 
Gas 

monitoring syst.: 
wells 

Install ~inal cover 
Sub-total 

acres 
acres 

Engineering cost. 15% 
Total 

Number oF sites operating 
COSTS 

Begin hydro studies lump sum 
Install liners acres 
Install monitoring syst. wells 
Corrective actions lump sum 
Land acres 

Sub-total 
Engineering cost. 
Engineering studies 

Total 
Total capital costs 

II. ANNUAL ELEMENTS 
Number oF si t.es closed 

COSTS 
Post-closure care 
Accun,. annual P-C costs: 

1984 
1985 
198& 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Total annual P-C costs 
Number of" sites oper-ating 

COSTS 
Operational changes: 

samp 1 i ng (gr-oundwater) 
sampling (gas) 
cover 
training 
indust.r1.al waste mqmt. 
leoachate treatment
l1ner maintenance 
leachate test1ng 

Financ1al <:~ssurance: 
reserve ~ccumulations 
service charges 

15X 
l~...Nnp sum 

acres 

toJe-lls X 3/yr 
acres 
acres 
lump sum 
lump sum 
gallons 
hours 
samples 

C + PC + CA 
2;~~ of" above 

Cor-r-ective actions lump sum 
Rccum. annual CR costs: 

1988 
1989 
1990 
1991 
1992 
1993 
19'34 
1995 

Total annual C. A. 
Tcotal: operating 

SWM - alternative s1tes 
Accumulated annual costs:lump sum 
Transpc•rtat1on costs tcons/mi le 

Total: oper-ating 

MPCA admin. costs 

Total annual costs 
Total cap1tal costs 

GPAND TOTAL 

lump sum 

Line # 

1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
'1 1 
12 
13 
14 
15 
16 
17 
18' 
19 
20 
21 
22 
23 
24 
25 
2& 
27 
28 
29 
30 
31 
32 
33 
34 
:o:5 
=•e. 
37 
38 
39 
40 
41 
42 
43 
44 
45 
.4& 
·47 
48 
49 
50 
51 
e~ 

-·~ 
53 

58 
59 
60 
61 
62 
63 
Eo4 
E.S 
66 
Eo7 
68 
t·9 
70 
71 
72 
73 
74 
75 
76 
77 
78 
7~ 

Unit costs 

$5,500 
$3,000 

$32,000, 
$40,500 
$&,075 

$<4&,575 

$155,000 
$120,000 

$5,500 
$1,<438,000 

$500 
$1, 7t9, 000 

$257,fl50 
$15,000 

$1,991,850 
$2,038,<425 

$&,000 

$550 
$200 

$24,000 
$1,000 
$&,000 

$0.09 
$100 
$2[10 

$513,927 
2.00X 

$6<;l,0[10 

$10,300 

$444,000 

1984 

3 
# of" units 

20 
0 

75 

110 

3 
10 
30 

3 

3 

75 

110 

440 

1,100 
110 

Total costs 

$110,000 
$0 

$2,400,000 
$2,510,000 

$37&,500 
$2,88&,500 

$<465,000 
$1,200,000 

$1&5,000 
$0 
$0 

$1,830,000 
$274,500 

$45,000 
$2,149,500 
$5,03&,000 

$450,000 

$450,000 

$450,000 

$242,000 
$0 

$2&,400,000 
$110,000 

$0 
$0 
$0 
$0 

$(1 

$0 
$26,752,000 

$27,202,0[10 
$5, 03E., 000 

$32,238,000 



or 
~~i 
i~l. 

;··. ,., 1985 1986 
'''!:'· 
··•i 

3 
n: Linllil' • .. of" units Total costs .. of" units, Total cost.s 

··1. I 8 $44,000 20 $110,000 
1-•'' 2 0 $0 0 $0 ... ,.; 3 25 $800,000 75 $2,400,000 

4 $844,000 $2,510,000 
h'' 5 $126,600 $376,500 
0/ 6 $970,600 $2,886,500 

7 105 
8 

~:>· 9 6 $930,000 10 $1,550,000 

(h 10 $0 20 $2,400,000 
II 60 $330,000 100 $550,000 
12 $0 $0 

(.;,I 13 $0 $0 

c;~: 
14 $1,260,000 $4,500,000 
15 $189,000 $675,000 

... 16 6 $90,000 10 $150,000 

f> . .." 
17 $1,539,000 $5,325,000 
18 $2,509,600 sa. 211, soo 

(j 19 
~··:!: 

20 
21 3 

\ . ..<: 22 
23 25 $150,000 75 $450,000 
24 
25 $450,000 $450,000 
26 $150,000 $150,000 
27 $450,000 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 $500,000 $1,050,000 
38 107 105 
39 
40 
41 428 $235,400 420 $231,000 
42 $[1 $[1 
43 1,070 $25,680,000 1,050 $25.200,000 
44 107 $107,000 105 $105,000 
45 $[1 $0 
45 $[1 $[1 
47 $[1 $[1 
48 $0 $[1 
49 
50 $0 $0 
51 $0 $[1 
52 
53 ~·o $0 
54 
55 
55 
57 
58 
59 
50 
51 
62 
63 $0 $[1 
54 $26,022,400 $25,535,000 
65 
65 
57 
68 
69 
70 
71 
72 
73 
74 
75 
75 $26,522,400 $25,585,000 
77 $2,509,600 $8,211,500 
78 
79 $29,132,000 $34,797,500 



1987 1988 

4 32 LinliP # # oF lXli ts Total costs a oF units Total costs 
1 32 $176,000 307 $1,688,500 2 0 $0 615 $1,845,000 3 100 $3,200,000 615 $19,680,000 4 $3,376,000 $23,213,500 5 $506,400 $3,482,025 6 $3,882,400 $26,695,525 7 101 82 8 

9 6 $930,000 15 $2,325,000 10 20 $2,400,000 197 $23,640,000 11 60 $330,000 156 $858,000 12 $0 6 $8,628,000 13 20 $10,000 150 $75,.000 14 $3,670,000 $35,526,000 15 $550,500 $5,328,900 16 6 $90,000 82 $1,230,000 17 s-4,310,500 $42,084,900 18 $8,192,900 $68,780,425 19 
20 
21 4 32 22 
23 100 $600,000 615 $3,6'30,000 24 
25 $450,000 $450,000 26' $lSO,OOO $150,000 27 $450,000 $450,000 28 $600,000 $600,000 29 

$3,6'30,000 30 
31 
32 
33 
34 
35 
36 
37 $1,650,000 $5,340,000 38 101 82 39 
40 
41 404 $222,200 331 $182,050 42 20 $4,000 165 $33,000 43 1,010 $24,240,000 165 $3,960,000 44 101 $101,000 82 $82,000 45 $0 82 $4'32,000 46 2,000 $180 10,250,000 $922~500 47 20 $2,000 1,600 $160,000 48 12 $2,400 82 $16,400 49 
50 $0 82 51 $0 
52 
53 $[1 6 $414,000 54 
55 
56 $414,000 
57 
58 
59 
60 
61 
62 
63 $[1 $414,000 64 $24,571,780 $6,261,950 65 
66 15 67 

$154,500 68 
69 
70 
71 $154,500 
72 
73 $444,000 
74 
75 
76 $26,221,780 $12,200,450 77 $8,192,900 $68,780,425 78 
79 $34,414,680 $80,980,875 



[;!: 
!U, 
('-l•· 

n 
)'' 1989 1990 

:t;l 12 4 

·-1 Linlli' .. .. oF units Total costs .. oF units Tot.al costs 

!·· {·~ 1 93 $511,500 28 $154,000 

'"'::! 2 377 $1,131,000 120 $360,000 

t·::l 3 377 $12,064,000 120 $3,840,000 
4 $13,706,500 f'4,354,DDO 
5 $2~055~'975 $653,100 
6 $15,762,,475 $5,007,100 

(:~ 
7 70 66 
8 

c;·. 9 15 $2,325,000 15 $2,325,000 

''· 10 210 $25,200,000 198 $23,760,000 
·· .. 11 156 $858,000 105 $577,500 

L,.~l. 12 6 $8,628,000 6 $8,628,000 

::} 13 200 $100,000 200 $100,000 

.. ' 14 $37, 111 , ODD $35,390,500 
15 $5,566,650 $5,308,575 

i'·} 16 $0 $0 

17 $42,677,650 $40,699,075 
() 18 $58,440,125 $45,706,175 
j ... ;\ 19 

20 
21 12 4 
22 
23 377 $::',262,000 120 $720,0[10 
24 
25 $450,000 $450,000 
26 $150,0D0 $150,000 
27 $450,000 $450,000 
28 $600,000 $600,000 
29 '*·3, 690, ODD $3,690,000 
30 ~·2' 262. 000 $2,262,000 
31 $720,000 
32 
33 
34 
35 
36 
37 $7,602,000 $8,322,000 
38 70 66 
39 
40 
41 358 $196,900 236 $129,800 
42 140 $28,000 132 $26,4[10 
43 140 $3,360,000 132 $3,168,000 
44 70 $70,000 66 $66,000 
45 70 $420,000 66 ••396, 000 
46 11,400,000 $1,026,000 10,500,000· :t.SI45,000 
47 I, 700 $170,000 I, 575 $157,500 
48 75 $15,000 70 $14,000 
49 
50 70 $:=:5, 974,890 66 $3::::.919,1E:2 

51 $719,4"l8 $678,384 
52 
53 6 $414,000 6 $414,000 
54 
55 $414.000 :t-41 4, 000 
56 :t-41 4. 000 >•4 14 • 000 
57 '*·4]4, 000 
58 
59 
60 
61 
62 
63 $828,000 $1,242,000 
64 $42,808,288 $40,742,266 
65 
66 17 18 
67 $175,100 $185,400 
68 
6'3 
70 $175,100 ,.185,400 
71 
72 $444,000 $444,000 
73 
74 
75 
76 $51,02'9,388 $49,693,6E.6 
77 $58,440,1::'5 $45,706,175 
78 
79 $10~,469,513 $95,399,841 



1991 1992 

6 5 
Line .. .. oF units Total costs .. oF units Total costs 

I 38 $209,000 48 $2b4,000 
2 II 0 $330,000 112 $336,000 
3 110 $3,520,000 112 $3,584,000 
4 $4,059,000 $4,184,000 
5 $608,850 $627,600 
6 $4,667,850 $4,811,600 
7 60 55 
8 
9 0 $0 0 $0 

10 180 $21,600,000 165 $19,800,000 
11 105 $577,500 105 $577,500 
12 6 $8,628,000 6 $8,628,000 
13 200 $lOO;ooo 150 $75,000 
14 $30,'305,500 $29,080,500 
15 $4,635,825 $4,362,075 
16 $0 $0 
17 $35,541,325 $33;442,575 
18 $40,209,175 $38,254,175 
19 
20 
21 6 5 
22 
23 110 $660,000 112 $672,000 
24 
25 $450,000 $450,000 
26 $150,000 $150,000 
27 $450,000 $450,000 
28 $6(10,000 $600,000 
29 $3,690,000 $3,6"00,000 
30 ~·2, 2t:.2. 000 $2, 2t.2, 000 
31 $720,000 $~20,000 
32 $.060,000 $bb0,.000 
33 $(.72, 0[10 
34 
35 
36 
37 $8,9E:2,000 $9,654,00q 
38 60 55 
39 
40 
41 230 $126,500 225 $123,750 
42 120 $24,000 110 't·22, 000 
43 120 $2,880,000 II 0 $2,640,000 
44 60 $.0,(1, 000 55 $55,000 
45 60 $360,000 55 $3:0:0,000 
46 9,500,000 $855,000 8,600,000 $774,000 
47 I, 465 $"146,500 1' 285 $128,500 
48 65 $13,000 60 $12,000 
49 
50 60 $30,835,620 55 $2B. 2t.s, '385 
51 $61&,712 :!t565,320 
52 
53 b $414,000 b $414,000 
54 
55 $4]4,000 't·414, 000 
56 $414,000 o'-114, CICIO 
57 0·414, 000 't-4 1 4 , 000 
58 $414,000 0-414, 000 
59 $414,000 
60 
E. I 
&2 
63 $1,&56,000 $2,070,000 -64 $37,573,332 $34,'386,555 
65 
66 18 18 
67 $lEIS, 400 $lEIS, 400 
68 
69 
70 $185,400 $1E.I5, 400 
71 
72 $444,000 $444,000 
73 
74 
75 
76 $4 7, 1 E14 , 732 $45,2b9,955 
77 $40,209,175 $3E::, 254, 175 
78 
79 $87,393,907 $83,524,130 



m. 
~L; 

! ·;' 
.. ~. ,., 1993 1994 
• j ~· • 

·"! 

11 0 
J:i: Lin£> # # oF units Total costs • oF units Total costs 

··,.i. 1 93. $513,386 $0 
~-··· 2 210 $628,886 $0 
~~ .. ·: 3 253 $8,090,971 $0 

4 $9,233,2-43 $0 
}~:•: 5 $1,38-4,986 $0 
t\1: 6 $10,618,229 $0 

7 44 44 
8 

c>: 9 0 $0 0 $0 

tT~' 10 132 $15,840,000 132 $15,840,000 
11 0 $0 0 $0 · ... 12 G $8"628,000 6 $8,628,000 

{.;.I, 13 100 $50,000 100 $50,000 

~:\ 
14 $24~518,000 $24.518,000 
15 $3,677,700 $3,677,700 

~ .. 16 $0 $0 

f·:J 17 $28,195,700 $28,195,700 
18 $38,813,929 $28,195,700 

(~: 19 
! '~=: 20 

21 11 0 
{''r 22 '··:· 

23 .253 $1,517,057 $0 
24 
25 $450,000 $450,000 
2G $150,000 $150,000 
27 $450,000 $450,000 
28 $600,000 $GOO, DOD 
29 $3,690,000 $3,690,000 
30 $2,262,000 $2,262,000 
31 $720,000 $720,000 
32 $660,000 $660,000 
33 $672,000 $672,000 
34 $1,517,057 $1,517,057 
35 
36 
37 $1 1 , 1 71 , 057 $11, 171 , 057 
38 44 44 
39 
40 
41 179 $98,337 179 $98,337 
42 88 $17,600 88 $17,600 
43 88 $2, 112,000 88 $2,112,000 
44 44 $44,000 44 $44,000 
45 44 $·264, 000 44 $264,000 
46 6,600.000 $594,000 6,600,000 $594,000 
47 1, 012 $101,200 1 '012 $101,200 
48 50 $10,000 so $10.000 
49 
50 44 $:C2,612,788 44 $22'"612,788 
51 $452,256 $452.256 
52 
53 G $414,000 6 $414,000 
54 
55 ~·41 4. ODD $414,000 
56 $414,000 $414,000 
57 $414,000 $414.000 
58 $414,000 $414.000 
59 $·414, 000 $414,000 
60 $414,000 $4}4,000 
61 $414,000 
62 
63 $2,484,000 $2,8~8.000 
64 $28,790,180 $~g,zo4, teo 
65 
66 21 21 
67 $216,300 $216.300 
68 $"·737, blS $737,615 
69 
70 $953, '315 $'353,915 
71 
72 $444,000 $444,000 
73 
74 
75 
76 $4 1 , 359' 1 52 $41 '773, 152 
77 $38,813,929 $28, 195' 700 
78 
79 $80,173,082 $6<!,968,852 



1995 

0 
Line " " of' units Total costs 

1 $0 
2 $0 
3 $0 
4 $0 
5 $0 
& $0 
7 44 
8 
9 0 $0 

10 132 $15,840,000 
11 0 $0 
12. & $8,628,000 
13 100 $50,000 
14 $24,518,000 
15 $3,&77,700 
1& $0 
17 $28, 195,700 . 
18 $28,195,700 
1.9 
20 
21 0 
22 
23 $0 
24 

$450,000 25 
2& . ,;.)50, 000 
27 $450,000 
28 $&00,000 
29 $3,1090,000 
30 $2,262,00[1 
31 $720,000 
32 $660,000 
33 $672,000 
34 $1,517,057 
35 
36 
37 $11,171,057 
38 44 
39 
40 
41 179 $98,337 
42 88 $17,600 
43 88 $2,112,000 
44 44 $44,000 
45 44 $264,000 
46 6,600.000 $594,000 
47 1. 012 $101,200 
48 50 $10,000 
49 
50 44 $22,612,788 
51 $:452, zst:. 
52 
53 6 $414,000 
54 
55 $414,000 
56 $414,00[1 .· 
57 :t-414' 0(1[1 
58 ot-414, 000 
59 $414,000 
60 $414,00(1 
61 $414,000 
62 $414,000 
63 $3,312,000 
64 $29,618,180 
65 
66 21 
67 ot216.300 
68 $?37,615 
69 
70 $953,915 

I~ 71 c 72 $444,000 
I 73 r 74 . 75 

'· 
76 $42,187,152 
77 $28' 1 95' 700 

~ 78 

t 
79 $70,382,852 

~1 c 
\! 

' II 



APPENDIX XXI I 

NO. 

1 

2 

3 

4 

5 

NOTES FOR TABLE 1 

COST ELEMENT UNIT COST 

Upgrade ground water monitoring .systems $ 5,500/well 

60-foot well depth and $90 per foot construction cost; $150 per well 
protection system cost 

Upgrade gas monitoring systems $ 3,000/A 

Five wells per acre, 40 feet deep, $15 per foot construction cost 

Install final cover $ 32,000/ A 

10-mile hauling distance; 5-foot clay liner, $4.90/c.y.; hauling and 
compaction cost; 0.5-foot sand drainage layer ($6.50/c.y. cost); 
1.5-foot topsoil .layer ($3.00/c.y. cost); seeding, (1,000 per acre; 
grading, ($2,700 per acre) 

Engineering costs 15% of capital 

Engineering costs cover such items as the development of final plans 
and specifications, indirect and direct overhead costs, and profit. 
Convention dictates that this cost is estimated as a percentage of the 
total capital costs. The percentage used in this estimating process is 
based on engineering consultant figures for Minnesota. 

Begin hydrogeologic studies $155,000 sum 

- 28 soil borings, 50 feet deep, $25 per foot cost 
- 10 wells, 50 feet deep, $90 foot cost 
- well protection, $150 per well 
- laboratory tests: 

Type: Unit cost Number 
Falling head permeability $160 6 
Constant head permeability S150 6 
Hydrometer analysis $ 57 6 
Shelby tubes S 15 6 
Grain size distribution $100 6 

- background sampling and analysis: 

Total 
$ 960 
s 900 
s 342 
s 90 
$ 600 
S2,892 

- 3 sampling events at 2 upgradient and 2 downgradient wells 
-Analysis cost = 4 wells x 3 events x $420 unit cost 

= ss,ooo 
Sampling cost= 3 events x $500 unit cost = $1,500 

- Total costs = SS,OOO + $1,500/4 wells/3 events = $540/well/event 
-mobilization; $3,600 lump sum cost 
-data compilation, analysis and feasibility report; $60,000 lump sum 

cost 



m. 
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7 

D: 

8 

-2-

Liner installation $ 120,000/A 

5-foot liner depth required; 10-mile haul assumed for clay at $3.75 
per cubic yard, land cost = $.12 per cubic yard; compaction cost = 
$1.00 per cubic yard 

Install ground water monitoring systems 

(see #1 above) 

Corrective actions 

Ground water: 
Rl/FS 
Corrective action capital cost: 

engineer design 
3-well ground water pum~out ·&spray 

irrigation system 
purchase 15 acres for spraying 

Spill: 
replace leachate collection tank (6,000 
excavate/replace contaminated soil (750 
additional monitoring wells (5-50ft.) 
sampling and analysis (15 VOC analyses) 
corrective action (wells, pipes, pumps, 

Liner repair: 
50 x 100 foot area 

(920 c.y. clay, 185 c.y. sand) 
collection pipe repair 
inspection 

Cover erosion: 
200 x 300 foot area (18,000 c.y.) 
seeding 

Cover settlement: 
extinguish fire 
waste/cover excavation (40,000 c.y.) 
replace cover: 

clay (12,000 c.y.) 
sand (3,000 c.y.) 
topsoil (9,000c.y.) 
seeding 

inspection 

Collection pipe collapse: 
excavate (2,500 c.y.) 
material (4,500 ft.) 
waste replacement (2,500 c.y.) 
cover: 

clay (300 c.y.) 
sand (148 c.y.) 
topsoil (444 c.y.) 
seeding 

$ 5,500/well 

$1,438,000 sum 

$ 400,000 

$ 50,000 

$ 300,000 
$ 22,500 

gal . ) $ 14,000 
c .y. ) $ 3,000 

$ 22,500 
$ 4,500 

etc. ) $ 50,000 

$ 5,200 
$ 400 

900 

$ 90,000 
$ 3,700 

$ 40,000 
$ 80,000 

$ 60,000 
$ 9,000 
$ 45,000 
$ 4,000 
$ 30,000 

$ 5,000 
$ 22,500 
$ 5,000 

$ 1,500 
450 

$ 2,200 
200 
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Control gas migration: 
vegetative stress repair 
probe monitoring system 
passive ventilation (45 acres) 

Purchase land 

Purchase agricultural land, not prime 

Engineering costs 

$ 10,000 
$ 20,000 
$ 135,000 

$ 5001A 

15% of capital 

Engineering costs cover such items as the development of final plans 
and specifications, i~direct and direct overhead costs, and profit. 
Convention dictates that this cost is estimated as a percentage of the 
total capital costs. The percentage used in this estimating process is 
based on engineering consultant figures for Minnesota. 

Engineering studies . 

150 hours at $100 per hour 

Postclosure care and maintenance 

Type: 
ground water sampling 
gas sampling 
leachate sampling 
leachate hauling and treatment 
site maintenance 

Ground water sampling 

Unit cost 
$550/sample 
$2001sample 
$2001sample 
$0.09/gallon 
$1001hour 

- organic analysis = $4201sample 
- inorganic analysis = $1301sample 

Gas sampling 

Intermittent cover 

assumes 3 acres are filled each year 
labor and associated benefits = $10,000/A/yr. 
equipment, maintenance and fuel = $14,000/Aiyr. 

Training 

$ 150,000 sum 

$ 6,000IA 

Units I AI yr . 
1 

Tot a 1 
$ 550 

200 
200 

4, 950 
100 

1 
1 

55,000 
1 

$ 

$ 

$ 

$ 

5501sample 

2001sample 

2,4001A 

1,000 sum 
Assumes development of training manual, recordkeeping system on 
personnel training and attending training courses provided by outside 
groups or equipment vendors. 
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Industrial waste management $ 6,000 sum 

Assumes development of policy manual, contacting industrial waste 
generators and haulers, increased recordkeeping and inspecting incoming 
wastes. 

Leachate treatment 

assumes 2 inches of infiltration per acre per year 
= 54,305 gallons of leachate per acre per year 

Leachate testing 

Accumulated reserves for financial assurance 

- unit costs equal values in items 3, 8, 12 & 22 
- average site is 19 acres in area 
- 20-year period of postclosure care and maintenance 
- 3 percent inflation 
- 8 percent earnings on reserve balances 

Financial service charges for.reserves 

$ 0.09/gallon 

200/sample 

$ 513,927 sum 

2% of balances 

Average charge rate quoted by representatives of banking, legal, 
trust company and surety communities. 

Corrective action: operations and maintenance 

- ground water pump out irrigation and sampling 
- spill spray and sampling 
- gas monitoring 

Costs incurred by nonlandfill waste facilities 

-ground water sampling 
- training 
- industrial waste management 

Transport costs incurred by waste consolidation 

$ 

s 
s 
s 
$ 

s 
s 
s 

69,000 sum 

38,000 
11 '000 
20,000 

10,300 sum 

3,300 
1,000 
6,000 

$ 737,615 sum 

- 184,404 tons of waste diverted from present disposal sites 
-new distances covered by transfer trailers 
- average distance = 40 mi.les 
- unit cost = $0.10/ton/mile 
- mixed municipal solid waste weighs 600 pounds per cubic yard 

Cost to State of administering proposed rules $ 444 ,nco s urn 

New positions on professional staff: 6 engineers and 3 hydrogeologists 
at a cost of $36,000 each (salary plus benefits); 4 pollution control 
specialists at a cost of $30,000 each 



TABLE II 



DISTRIBUTION OF RULES' 
COSTS TO ECON. SECTORS 

---------------2s=Jan=ss
o2:os:53 PM 

-----C05T-CATtGO~lt5_____ SECTORS 
Water MPS 
Water Construction 

Gas 
Gas 

Install Final cover 
Install Final cover 

Sub-total 

Engineering cost 

Total 

Begin hydro studies· 

Install 1 iners 
~ ~~st.a 11 1 i ners 

Construct ton 
LandFi lis 

Construction 
LandFills 

Misc. Pro Svcs. 

Misc. Pro Svcs. 

Construction 
Landf'ills 

Install monitoring syst. Construction 
Install monitoring syst. LandFills 

Correct1ve actions 
Correct1ve actions 
Correct1ve actions 

Land 

Sub-total 

Engineering cost 

Engineering studies 

Total 

Total capital costs 

Construction 
LandFills 
HPS 

LandFills 

MPS 

NPS 

II. ANNUAL ELEMENTS 
Current operatinq costs: 

samp l1 ng (gr-oundwater) MPS 

sampl1ng <gas) LandFills 

cover LandFills 

train1ng LandFills 

industrial waste mqmt_ LandFills 
industrial waste m9mt. MPS 

leachate treatment LandFills 
1 eachate treatnoent Water ut 1 1 it 1 es 

1 i ner rna i ntenance LandF i 11 s 

leachate test1ng MPS 
F i nanc i a 1 assur-ance: 

reserve accumulatiot'ls 8ank1ng 

serv1ce char-ges 

Corrective-actions 
Cor-rect 1 ve act 1 ons 
Corrective act1ons 

Total: operating 

Total P-C care 
Total P-C care 

Alternat1ve site costs 

NPCA admin. costs 

Total annual costs 

Total capital costs 

GRANO TOTAL 

Bank1ng 

Cor·~struct 1 on 
L.artdf" i 1 1 s 
HPS 

LandFillS 
MPS 

AIL stte:s 

Government 

1984 

SHARES 
$55,000 
$55,000 

$0 
$0 

$1,200,000 
$1,200,000 

$376,500 

$465,000 

$600,000. 
$600,'00(1 

$82,500 
$82,500 

$0 
$0 
$0 

$0 

$274,500· 

$45,000 

$242,000 

$0 

$26,400,000 

$110,000 

$0 
$0 

$0 
$0 

$0 

$0 

$0 

$0 

$0 
$0 
$0 

$225~000 
$225~000 

$32.238,000 

TC 

$110,000 

$0 

$2,400,000 

$2,510,000 

$376,500 

$2,886,500 

$465,000 

$1,200,000 

$165,000 

$0 

$0 

$1,83[1,000 

$274,500 

$45,000 

$2,149,500 

$5,036,000 

$242,.000 

$0 

$26,400,000 

$~ ID, 000 

$0 

$0 

$0 

$0 

$0 

$0 

$0 

$26~752~000 

$450,000 

$27~202.,000 

$5, 03E., 000 

$32, 23EI, 000 

1985 

SHARES 
$22,000 
$22,000 

$(\ 
$0 

$400,000 
$400,000 

$126,600 

$930,000 

$0 
$0 

$!65,000 
$165,000 

$0 
$0 
$0 

$0 

$189,000 

$'30,000 

$235~400 

$0 

$25,680,000 

$107,000 

$0 
$0 

$0 
$0 

$0 

$0 

$0 

$0 

$0 
$0. 
$0 

0"300,000 
$300,000 

$29,132,000 

TC 

$44,L 

$800, (. 

$844,[> 

$l26,l 

$970, t 

$930,1.•. 

$330, (• 

$1,260.: 

$18'3,1 

$'30,1 

$1,539.,1 

$2~ 509~. 

$23~~. 

$25, 680; r. 
$107 _,. 

$26.022 •. 

$6[10, 

$26~ 622,. 

$2.,509~ 

$29.,132. 
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DISTRIBUTION OF RULES" 
COSTS TO ECDN. SECTORS 

---------------2s=Jan=es-
D2:oa:53 PH 

-----COST-C~T~GOPI~5----- SECTORS 
Water MPS 
Water Construction 

Gas 
Gas 

Install f"inal cover 
Install Final cover 

Sub-total 

Engineering cost 

Total 

B~gin hydro studies 

Install l1.ners 
Inst.Ll'll lJ.ners 

Construction 
Landf'i lls 

Construction 
Landf'ills 

Misc. Pro Svcs. 

Misc. Pro Svcs. 

Construction 
Landf'i lls 

Install monitoring syst.. Construction 
I :-7,sta 11 man i tori ng syst. Landf' i 11 s 

CorrectJ.ve actions 
Corrective act1ons 
Corrective actions 

Land 

Sub~total 

Engineering cost 

r_:.ng i ne.oer i ng stud 1 es 

Total 

Total capital costs 
. - - - - - -- - - - - - - -- - - - - - - . - -

Construction 
Landf"i lls 
MPS 

Landf"ills 

MPS 

HPS 

11. ANNUAL ELEt1ENT5 
Curr·ent operat1nq costs: 

samp 1 1 ng ( grourrdwater) HPS 

sampling (gas) Landf"ills 

cover Landf"1lls 

training Land-fills 

industrial waste mgmt. Landf"ills 
industr~al waste mgmt~ HPS 

leachate tredtm~nt Land-fills 
l G-achate treatment . Wat.er uti 1 it. i es 

1 i ner ma i ntenance Landf i 1 1 s 

1 eachate test. i ng HPS 
Financial ;:,ssurance: 

reserve accumulatioh5 Banking 

serv1ce charges 

Corr-ective act i or1S 
CorrectJ.VE- act1ons 
Correct1vE- act1ons 

Total: operating 

Total P-C care 
Total P-C care 

Alternative site costs 

MPCR adn1in. costs 

Total annual costs 

' ToL~J capl tal costs 

GRAND TOTAL 

Banking 

Constr-uction 
Landf'ills 
MPS 

Landf'1lls 
MP5 

Rlt. sites 

Government 

1986 

SHARES 
$55.000 
$55.000 

$0 
$0 

$1,200.000 
$1.200.000 

$376.500 

$1.550.000 

$1.200. ODD 
$1.200. DOD; 

$275.000 
$275.000 

$0 
$0 
$0 

$0, 

$675,000 

$150,000 

$231,000 

$0 

$25,200,000 

$105,000 

$0 
$0 

$0 
$0 

$0 

$0 

$0 

$0 

$0 
$0 
$0 

$525,000 
$525~000 

$34,797.500 

TC 

$110. ODD 

$0 

$2.400.000 

$2.510.000 

$37G 7 500 

$2.BB6.5DD 

$1.550.000 

$2.400.000 

$550.000 

$0 

$0 

$4,500,000 

$675.000 

$150,000 

$5.325.000 

$E:,211,5DO 

$231,000 

$0 

$25,200,000 

$105,000 

$0 

$0 

$0 

$0 

$0 

$0 

$0 

$25.53€..000 

$1.050.000 

$26,586,000 

$EI,211,500 

$34,797.500 

1987 

SHARES 
$88,000 
$88.000 

$0 
$0 

$1,600,000 
$1.600,000 

$506,400 

$930,000 

$1.200,000 
$1.200.000 

$165.000 
$165.000 

$0 
$0 
$0 

$10,000 

$550,500 

$90,000 

$222,200 

$4.000 

$24,240,000 

$101,000 

$0 
$0 

-<·90 
$90 

$2.000 

$2,400 

$0 

$[1 

$825.000 
$825,000 

>~"·34, 414,580 

TC 

$176.00 

$3.200.00 

$3.376.00 

$506.40 

$3,882.40 

$930. DC' 

$2.400.00 

$330.00 

$10, 0( 

$3,670, DC 

~550, sr 

$90, oc· 
$4,310. 5C• 

$8,192,~[ 

$222, 2C 

$4, [1[. 

$24,240, DC• 

$101, DC• 

$1:: 

$2,01' 

$2,41, 

$24.571' 7: 

~·1, 650.0 

$26,221, (. 

$E:,192,?' 

$34,414,6 



DISTRIBUTION OF RULES" 
COSTS TO ECON. SECTORS 

---------------2s=Jan=ee-
02:os:53 PM 

-----cOST-CATEGOPIES_____ SECTORS 
Water HPS 
Water Construction 

Gas 
Gas 

Install f'inal cover 
Install f'1nal cover 

Sub-total 

Engineering cost 

Total 

Begin hydro studies 

lnstall 1 iners 
Ins:t..all 1 iners 

Construction 
Landf'ills 

Construction 
Landfills 

Misc. Pro Svcs. 

Misc. Pro Svcs. 

Construction 
LandFills 

Install monitoring syst. Construction 
Install monitoring syst. LandFills 

Corrective actions 
Corrective act1ons 
Corrective act1ons 

Land 

Sub-total 

Eng1neering cost 

Engineering studies 

Total 

Total capital costs 

II. RNNURL ELEMENTS 

Construction 
LandFills 
HPS 

LandFills 

HPS 

~1PS 

Current operatinq costs: 
samp 1 i ng ( gr-out=.dt..•ater) HPS 

sampling (gas) LandFills 

cover Landf' i 11 s 

training LandFi lis 

industrial waste mgmt. Landfills 
industria 1 waste rr1gmt. t1PS 

leachate treatment LandFills 
leachate treatment ).4ater utilities 

11 ner- rna i ntenance LandF i 11 s 

leachate testing MPS 
Financ1al assurance: 

reser-ve aCCI..JffiU 1 at 1 ons Bank 1 ng 

ser ... } 1 ce char-ges 

Correct1ve act.1ons 
Corrective act1ons 
Corr-ective actions 

Total: operating 

Tcd:~l P-C care 
Total P-C r::are 

Banking 

Construct1on 
Landfills 
t1PS 

LandFills 
t1F'S 

Alternative site costs Alt.~ sites 

MPCA adm1n~ costs Government 

Total annual costs 

Total cap1tal costs 

GRANO TOTAL 

1988 

SHARES 
$844.250 
$844.250 

$922.500 
$922;500 

$9.840.000 
$9.840.000 

$3.482.025 

$2.,325.,000 

$11.820.000 
$ll.s2o;ooo 

$429.000 
$429.000 

$2,87&,000 
$2~876,000 
$2~876,000 

$75.000 

$5,328,900 

,$1. 230,000 

$182.050 

'*·33. 000 

$3,o;l60,000 

$82,000 

$246,000 
$246,000 

$461,250 
$461,250 

$1&0,000 

$1&,400 

$0 

$0 

$138,000 
$138,000 
$138,000 

$2,670,000 
$2,670.000 

$154.500 

$444,000 

$80,980.875 

TC 

$1.&88.500 

$],845,000 

$19,&80.000 

$23.213.500 

$3.482.025 

$2&,&95.525 

$2.325.000 

$23.&40.000 

$858.000 

$8,628,000 

$75,000 

$35,526,000 

$5,.328~900 

$1,230,000 

$42,084,90~ 

$68.780~425 

$182,050 

$33,000 

$3.9&0,009 

$82,000 

$492,000 

$922.500 

$160,000 

$16,400 

$0 

$[1 

$414.000 

$6~261,95(1 

$5,340,oob 

$154,500 

$444,000 

$12.200, 450" 

$68.780~425 

$80.980.875 

1989 

SHARES 
$255,750 
$255.750 

$565,500 
$565,500 

$6,032,000 
$&;032,000 

$2.055.975 

$2,325,000 

$12.&00,000 
$12;600.000 

$429.000 
$429.000 

$2,87&.000 
$2,87&.000 
$2,876,000 

$1CIO, 000 

$5,5E.E.,E.50 

$0 

$!96.900 

$28,000 

$3,360,000 

$70,000 

$210.000 
$210,000 

$513,000 
$513,000 

$170,000 

$15,000 

$35,974,890 

$719.498 

$~?6. 000 
$276.000 
$276,000 

~'3' 801 • 000 
$3, 8[11, 000 

$175.100 

$444,000 

'*"·109, 469,513 

TC 

$511.' 

$1,131,1 

$12,064,1 

$13,706,! 

$15.762,. 

$2,325,1 

$25.200,1 

$858,1 

$8, 62E: •. 

$100. 

$37, ill. 

$5,566, 

$42,6(7. 

$58,440, 

$19b. 

$28, 

$3,360,. 

$70,' 

$420. 

$1,026. 

$170. 

:t71':--t. 

!t.B2E:. 

$42,8CIC:. 

$/,6[12. 

$175. 

$444. 

$51,029. 

$58,440. 

$109,463. 
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-----cosr-cRTEGOPIEs----- sEcToRs 
Water MPS 
Water Construction 

Gas 
Gas 

Install Final cover 
Install Final cover 

·Sub-total 

Engineering cost 

Tot:.al 

Begin hydro studies 

Install liners 
Install liners 

Construction 
LandFills 

Construction 
Landf"ills 

Misc. Pro Svcs. 

Misc. Pro Svcs. 

Construction 
Landfills 

Install monitoring syst. Construction 
Install monitoring syst. LandFills 

Corrective actions 
Corrective actions 
Cor-rective actions 

Land 

Sub-total 

Engineering cost 

Engineering studies 

Total 

Total capital costs 

II. ANNUAL ELEMENTS 
Cur-rent. operating costs: 

samp 1 i r1g ( grc•undwater-) 

sampling <gas) 

cover 

training 

industrial waste mgmt. 
industrial waste mgmt. 

leachate treatment 
leachate treatment 

leachate test1ng 
F1nanc1al assurance: 

reserve accumulat1Clns 

ser-viCE' charges 

Cor-r-ecti\'>? .;-,ct.i ons 
Cor-rective actions 
Corrective actic•ns 

Total: operating 

Total P-C care 
Total P-C care 

Alternative site costs 

MPCA admin_ costs 

Total anr•ual costs 

Total cap1.tal costs 

GRAr;o TOTAL 

Construction 
LandFills 
MPS 

LandFills 

MPS 

MPS 

MPS 

Landf"i lls 

Landf'ills 

Landf'ills 

LandFills 
MPS 

Landf'ills 
Water util1ties 

Landf'ills 

MPS 

8ank1.ng 

8ank1.ng 

ConstructiC!n 
Landf"ills 
MPS 

Landf'1lls 
MPS 

AIL sites 

Gover-nment 

1990 

SHARES 
$77,000 
$77,000 

$180,000 
$180,000 

$1,920,000 
$1,920,000 

$653,100 

$2,325,000 

$11,880, DOD 
$11,880,000' 

$288,750 
$288,750 

$2,876,000 
$2,876.000 
$2,876.000 

$100,000 

$5,308,575 

$0 

$129,800 

$26,400 

$3,168,000 

$66,000 

$198,000 
$198.000 

$472~500 
$472~500 

$157,500 

$14,000 

't·33,919.182 

:t.b78.384 

$414.000 
$414,000 
$414,000 

$4,161, DOD 
$4,161,000 

$185,400 

$444,000 

$95,399.841 

TC 

$154,000 

$360,000 

$3,840,000 

$4,354,000 

$653,100 

$5,007,100 

$2,32~,000 

$23,760,000 

$577,500 

$8,628,000 

$100,000 

$35,390,500 

$5,308,575 

$0 

'$40, 699,075 

$45,706, 175 

$129,800 

$26,400 

$3,168,000 

$66,000 

$':145,000 

$157,500 

$14,000 

$33.919, 182 

$67E:. 384 

$1,242,000 

$40.742.266 

$8,322.000 

$185,400 

$444,000 

$4'3,693,666 

$45,706, 175 

ot·95- 399- 841 

1991 

SHARES 
$104,500 
$104,500 

$165,000 
$165,000 

$1,760,000 
$1,760,000 

$608,850 

$0 

$10,800,000 
$10,800,000 

$288,750 
$288,750 

$2.876,000 
$2,876,000 
$2,876,000 

$100,000 

$4,635,825 

$0 

$126,500 

$24.000 

$2.880,000 

$60,000 

$180,000 
$180,000 

$427,500 
$427,500 

$14E .• 500 

$1~1, 000 

$30,835,620 
I 

$616,712 

:t-552.000 
$552,000 
$552.000 

$4,491,000 
$4,491.000 

$185,400 

$444,000 

$87.39:01,907 

TC 

$209,0 

$330,0' 

$3,520, D< 

$4,059, (II 

"$608,8' 

$4,667,8' 

$21,600, 0( 

$577,51 

$8,628,0 

$100, [' 

$30,905,~ 

$4,635,E 

$35,541. .o: 

$40,209.1 

$126, ~· 

$24. [I 

$2,880,0 

$60.0 

$360,[: 

$13. ( 

$30~835,l 

$1.656. I 

$37,573.~ 

$8,982, r: 

$185,. 

$444,1 

$47' 184. ~ 

$40,209.' 

$87' 393, ', 
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-----COST-CRTEGO~TES_____ SECTORS 
Waler MPS 
Waler Construction 

Inst~ll Final cover 
Inst~ll Final cover 

Sub-total 

Engir'leering cost. 

Total 

Begi~ hydro studies 

I nsto& 11 1 i ners 
Inst<:~ll liners 

Construction 
LandFills 

Construction 
LandFills 

Misc. Pro Svcs. 

Misc. Pro Svcs. 

Construction 
Landf'ills 

lnst~ll monitoring syst~ Construction 
Inst~ll monitoring syst- LandFills 

Corr~ctive actions 
Corr~ctive actions 
Corr~ctive actions 

Land 

Sub-total 

Engi~eering cost 

Engi~eering studies 

Total 

Total capital costs 
----~--------------------

! l . ANNUAL ELEt·1ENT5 
CurrE?nt operating costs: 

Construction 
Landf"ills 
11PS 

LandFills 

t1P5 

MPS 

s.currp 1 i ng ( groundt.1ater) t1PS 

sa~pling <gas) LandFills 

cover LandFills 

tr~ining Landfills 

industrial wasLe mgmt_ Landfills 
1 ndustr i a 1 waste mgmt _ t1PS 

leechate treatment Landfills 
1 e.echate treatment ~-later ut 1 1 it. i es 

1 ir-.er maintenance Landf"i lls 

le.echate tesLing t1PS 
Finar-.cial assur-ance: 

re:serve accumulat1ons Banking 

service charges 

Corr~cLive actions 
Corr~cLive actions 
Corr~ctive.act.ions 

Total: operating 

Total P-C care 
Total P-C care 

Banking 

Construct1on 
Landfills 
t1P5 

Landf1lls 
t·1P5 

A 1 tern.3tJ.· ... ·e site costs R 1 t_ sites 

HPCA admin. costs Governff•ent 

Total annual costs 

Total capital costs 

GP.ANO TOTAL 

1992 

SHARES 
$132,000 
$132,000 

$168,000 
$168,000 

$1,792,000 
$1,792,000 

$627,600 

$9,900,000 
$9, 900, ooo, 

$288,750 
$288,750 

$2,876,000 
$2.876,000 
$2,876,000 

$75,000 

$4,362,075 

$0 

$123,750 

$22,000 

$2.640,000 

:t55,000 

$165,000 
$165,000 

:t387,000 
$387.000 

$128,500 

$12,000 

$2E:. 265 ~ 985 

:t565~320 

:t·690. 000 
$690,000 
$690,000 

$4,827,000 
$4.827,000 

$185.400 

$444,000 

$8:=::, 524 ~ 130 

TC 

$264,000 

$336,000 

$3,584,000 

$4,184,000 

$627,600 

$4,811,600 

$19,800,000 

$577,500 

$8,628,000 

$75,000 

$29,080,500 

$4,362,075 

$0 

$33,442,575 

$38,254.175 

$123,75(1 

$22,000 

$2.,640,000 

$55,000 

$330,000 

:t·774, 000 

$128,500 

$12,000 

$2E1. 265, 985 

~565~320 

:t2.070,000 

$34,986.555 

$SI, E. 54. 000 

$185,4(1(1 

$444,000 

$45.269~955 

$3E:.254.175 

$8=1, 524,130 

1993 

SHARES 
$256,693 
ol"·256, 693 

$314,443 
$314,443 

$4,045,486 
$4,045,486 

$1,384,986 

$0 

$7,920,000 
$7,920,000 

$0 
$0 

$2,876,000 
$2,876,000 
$2.876,000 

$50,000 

$:=:t~ 677' 700 

$0 

$98,337 

$17,600 

$2, 112,000 

$44,000 

$132,000 
$132,000 

$297,000 
$297,000 

$101,20[1 

$10,00(1 

$22. 612., 78E: 

:l·452. 25t. 

''828, 000 
$828.000 
•·828. 000 

.$5.585,529 
$5.585~529 

:t953·, '315 

•·444, (10(1 

$8[1, 173,082 

TC 

$513, 3(1 

$628, 8[: 

$8,090, 97' 

. $9,233, 2•1 

$1,384, 9fl 

$10, 618,2:· 

• 
$15,840, Q[l 

•· 

$8,628, DC 

$50,01. 

$24 • 51 8, (II 

$3,677' 71_ 

:t28, 195, 7(· 

$98, 3' 

$17' 6f 

$2, 112. 0( 

$44, OL 

$264,01. 

=t594' 01. 

$101,21 

$10.01 

$22,612.7: 

:!·452. 2' 

.$2.484,[11 

$2E:. 790.1: 

$'11.171,0 

:t·953,"' 

$444 ~[I 

$41,359,1. 

:t38, 813, '3. 

$80,173,0 
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------cosrCATEGORTES_____ SECTORS 
Water MPS 1 

Water Construction 

Gas 
Gas 

Install ~ina} cover 
Install ~inal cover 

Sub-total 

Engineering cost 

Total 

aegin hydro studies 

Install liners 
'i;··.s"tall I iners 

Construction 
LandFills 

Construction 
Land~i lis 

Hisc. Pro Svcs. 

Hisc. Pro Svcs. 

Construction 
Land~ills 

Install monitoring syst. Construction 
Install monitoring syst. LandFills 

Corrective actions 
Corrective actions 
torrective actions 

land 

Sub-total 

tngineering cost 

tngine>ering studie-s 

Total 

Total capital costs 

Construction 
Landf'ills 
MF'S 

Land-fills 

HPS 

MF'S 

1!. A"NUAL ELEMENTS 
Current operating costs: 

sampling <groundL.Jater) HPS 

sampling (gas) LandFills 

cover LandF i 11 s 

training Landf'i lls 

industrial waste mqmt. LandFills 
industrial waste m9mt. MPS 

leachate treatment Landf'i lls 
h_· .. :u .... hate treatment Watef- uti 1 it i es 

1 iner maintenance Landf'1lls 

1 eachate testing 1'1P5 
~inancial assurance: 

reserve accumulations B.anking 

serv1ce charges 

Cor-rect I ve actIons 
Cor-rect I ve actions 
Corrective actions 

Total: op~rating 

Total P-C care 
T ota 1 P-C car-e 

Banking 

Construct I on 
Le:.ndFills 
MPS 

LandFills 
HPS 

Alternative site costs Alt. sites 

f'1PCA adm.in. costs Governmer,t-

Total annual costs 

Toto! capital costs 

GRAND TOTAL 

SHARES 

1994 

$0 
$0 

$0 
$0 

$0 
$0 

$0 

$0 

$7,920,000 
$7,920,000 

$0 
$0 

$2,876,000 
$2.,876,000 
$2~87£.,000 

$50.,000 

$3,677,700 

$0 

$98,337 

$17,600 

$2, 112 .. 000 

$44,000 

$132,000 
$132 .. 000 

$297,000 
$297,000 

$101,200 

$10,000 

:t-22,612,788 

$452.256 

$96t .. 000 
:1'~bt., 000 
$':l6t.- 000 

$5,585 .. 529 
$5~585 .. 529 

$953,915 

$444,000 

$69.96E:.852 

TC 

$0 

$0 

$0 

$0 

$0 

$0 

$0 

$15,840,000 

$0 

$8,628,000 

$50,000 

$24,51EI,OOO 

$3,677,700 

$0 

$28,195,700 

$28,1':15,700 

$9E:,337 

$17.600 

$2,112,000 

$44,000 

$264,000 

$594.000 

$](1] ,200 

$10.000 

::t22.612,788 

$452.256 

$2, 89>01. 000 

$29,204,180 

$1 1 .. 1 7 1 .. 057 

$95:0::.915 

$444,000 

$41 '77:=J, 152 

$28, 195~700 

=f·69 .. ~6E:. 852 

SHARES 

1995 

$0 
$0 

$0 
$0 

$0 
$0 

$0 

$0 

$7,920,000 
$7,920,000 

$0 
$0 

$2, 87E., 000 
$2,876,000 
$2~87b,OOO 

$50,000 

$3,677,700 

$0 

$9E:, 337 

$17,600 

$2,112,000 

$44,000 

$'!32.000 
$132.000 

$297,000 
$297,000 

$]01.200 

$10,000 

$22.612~788 

$452 .. 256 

$],](14,000 
$],](14,000 
$1,104,000 

:1'5.585.52'3 
$5,585.529 

$444,000 

$70.382,852 

TC 

~.· 

$1 

$1 

$1 

$15,840,001 

$[ 

$8, 62EI, 0[1 

$50,00 

$24 , 51 E:, 0(1 

$3 .. 677. 7[' 

$28 .. 195,7(1 

$28, 195. 7(1 

$9E:, 3~: 

$17,6(1 

$2,112,00 

$44,00 

$264,0U 

$594, 0(1 

$101.2( 1 

$](1,0( 

$3,312. or: 

$29.618. H 

$11. 171 • o:• 

$444. (ll 

~42. 187. 1 ~ 

$28. 195.71 

$70,382. E:: 



:.· 

TABLE II I 



VALUES ONLY: 
CNTR/10 SECTOR 1984 1985 1986 

....•... REVENuEs •.....••................•................................................ 

---------S'l'l7t;tii---------Banklng 
< DE~1POL) llank 1 ng 

Sub-total 

591/623 

Sub-total 

598/630 

Sub::-lotal 

t·1PS 

'3ub -1:: o_:.ta] 

598/630 

5-:>ct or- E.30: comb 1 ned 

TOTAL 

223/180 
621/'354 

Cc.1nstruct 1 on 
Ccu1str-uct ion 
Construction 
Construction 
Construct i c•n 
Construct i C•n 
Construction 

Land-fills 
Landf'tlls 
Landfills 
LandFills 
LandFills 
Landfills 
Landfills 
Landf'ills 
LandFJ.lls 
Landf'1lls 
Landf1l ls 
l_andf'llls 
Landf-ills 
L:andFi11s 

t·1 i sc. Pr•:,~ ~.vcs .. 
t·1isc. Pr-o pvc:= .. 
t·1F'S 
t1PS 
t·1!='S 
r·1r:·s 

.t1f.'S 
t·11='5 
t1F'5 
t·1F'5 
t·1F'5 

f1lt .. sites 

.:COSPOL, 480) 

Gov • t_ _ demand 
Tax 1ncrease 

$0 
~·0 
$0 

$1,200 .. 000 
~'0 

$82,500 
~·55. 000 

$0 
$0 

I $600,000 
$1,937,500 

$0 
$110,000 

$0 
$26,400,000 

·'$0 
$0 

$225,000 
$0 
$0 

$600.000 
~'0 
:t.O 

:t·l • 200., (1[10 
$82~500 

$28.617.,5(10 

$-tE.S .. CICIO 
:t 37t ... 500 

$45., 00[1 
$242., OCIO 

:t-55., (1[10 
:t274 ., 500 

:.t·n 
::J.[I 

:t 2.:.:'5 ., CICIO 
::1·0 
:tn 

$1 '683 ., (1[1[1 

$[1 

$0 

~·28, 517 .. 500 

:t-:=:2. 23Et ., 000 

:r..o 

:t:32, 2 =:8 .. OCIO 

$0 ~·0 
$0 $0 
$0 $0 

$4()0,000 $1,200,000 
$0 ~·0 

$1G5,000 ~l=275, 000 
:t-:~2 ~ 000 $55,000 

~0 ~'0 
$0 $0 
$0 $1~200,000 

$587~000 $2,730,000 

$0 ~·0 
$107,000 $105,000 

$0 .,o 
$25,6£30,000 $25 .. 200,000 

$0 $0 
$0 $0 

$300,000 $525,000 
$0 $0 
$0 $0 
$0 $1.,200.000 
$(1 :t[l 
$0 :f.[l 

::!·41)0. 000 :t·l ., :"200. 000 
::11 f;~=i. 000 !t-.2:-'5. 000 

:t26,E.52.000 :.1;28 ., 505. OOCI 

:t;':C.lO. 000 =*· 1 ., 550' 000 
:t 1 ::b. t..oo !t-.=:7t .. 500 

$fj(J. 000 ~t·l5l1, (1[10 
:t-235.400 ~t:231. 000 
:t:~2, CICIO :t5S.OOO 

::1·1 El'?. 000 ~H::.7=-•. 000 
:l~n :t.n 
:l:O :tO 

~ .:::oo. 000 :1::~·~!:'·. [lOCI 
:tO ~(I 
$0 g. [I 

·f:l , ::_;r=13, 000 :r.::::., 562. 500 

$[1 j'[l 

$1] $1] 

=1·26. 652. 000 :1·28 .. 505. 000 

:t-2'3. L~:C. 000 :1"·:':14 .. 7':17. 500 

$0 $[1 

:t:2'3. 132,000 :.t 34., 7'37. !:'·00 
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C~1: 
!l' 
r·l·-
i' 
::T 

:(;J 
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J--;'1 

j--::1 

j ... ::\ 

~~;:~ 

(/ 
c;-~. 

!,.~\ 

j :.i 
·-... 

i--:;1 

(} 

<)t'\LUI:S OHL Y: 
CN'I >~/I D :;Eel OR 1987 1 ':H38 1989 

- . - - - .. - ... - ... - - ... - - - - - - . - - - .. -- - . - . - . - -.. - .... - ... - - . -. - - . - - . - - .. - .. - .... - .. - - -...... - . -
PE'I..'ENUES 

---··------ !:.9~/·G!'jT ______ -----[-lank i ng 
( DEI·1PCIL > l~ank i nq 

Sub-t.erta 1 

Sub·-t:.ota 1 

~:.ut:.·-t c• t a 1 

~;,,_,b-lot:~ J 

101 f!L 

::.:2:-:v 1 E:o 
1:.:: l.. -~15-~ 

Cons:i:.r-uc t ion 
Con:s:i:.r·uct.l on 
Cons\: r··uC t 1 on 
c.-,, o:s:i:ructi on 
Cons1:.r·uc·t 1 on 
Con:!:. I: r·uc:t 1 Clf"t 

Con::::i:.r·uct 1 on 

LancWi lls 
LancH= i 11 s 
Land(' i 1 1: 
Landi:- i 11 s 
Landi=-11 ls 
LandF1lls 
LandF1lls 
Landi=-i lis 
Landi=' i 11 s 
Leu .r:W1 11 :s 
Lcu-.cH: 1 I 1 s 
Lcw11:Wi lls 
Land(:i.lls 
L.:.ndi: ills 

t·11::a: Pr·o ~:-~.·cs. 
t·11 ~:.c . F'r· c. ~.· .. ·cs-. 
t·1P~;. 

t1PS 
rw~; 
t1P:; 
tH··:; 
t·H'':O· 
IH··~;. 

'n··~;. 
t·1F':; 

R 1 t.. -E t t es 

(.;co· .. · • 1:.. dem.-~nd 
1 a:< i n•:-t-ea·::•::· 

$[1 
~-0 
~[I 

$1 , E.[l[l, ODO 
HI 

·t.l65, 000 
1-l'ltl, [100 

$0 
:t.O 

$1. ;?r)[l, 00[1 
$3,053,000 

$4,[100 
$IOI,DOO 

$0 
~>24. ~·4(1' (1[1[1 

'$0 
$90" 

$825,000 
$0 

$![1,000 
$1 • :'CID, ODD 

!f::::•. (1(1(1 
;.[1 

:t 1 . f.:, [I [I' 000 
=f: 1 t:.~ .. (1[1(1 

j;,~E:, 1 -1 :-·, O~CI 

:t. ':.:::(1. [1(1[1 
:t-~·(lt:., 41JO 

:f.'~O. Ot:IO 
:t::22. 200 

=t.1:u::. ooo 
·r~;~::.u. =:.oo 

~• Cl 
:t:,:",-4LXI 

•l :-:.:·c:,. ,-11_1(1 
:1·1) 

·t:::. :· t...t' 5(1(1 

,j".(l 

:l:2E:, 147 ,lBO 

:.f. ~4, 4 1.4 , t.F::CI 

$(1 

$'01, E:40, D!JO 
.-:~. E<76, D!JO 

'f:4 2'3. (ll)Q 

'f'-844, 2~30 
=f. 1 ~l8. 000 
:t-':1.~2. 51)(1 

$11, E:l20, 000 
$2E·. Bb'3, 7~30 

~·33, 000 
'!1-82, DLJO 

$;;•, 876.000 
$:01, 960, ouo 

$922,500 
:f'·4bl. 2~30 

$2,670,0[)0 
$138,0()0 

=r-.?5. ono 
:tl 1 • 820. D1m 

'f·160. C!OO 
·r::4G. CI!JCI 

$<;1. E:4 0, 00(1 
=t-4 2'3. LH JO 

:t::r:::. 7 12, :--~:.n 

::t :· • .::.-~5. [11)0 
:f.::. 41~::. o::.o~. 
$1 , ::::_1[1, (ll)(l 

:t: 182. [6[1 
~-E:4 ..1 • 2~:00 

1 :.:.; , .:.:2E:. ~0(1 
1·::'4b. [lt:J[I 

~ 1 t: •• 41_1(! 
:l-:::. t.7l), CIIJCI 
t-.::. :::-::·t:: •• 01_10 

:t l :=::~:, (II JU 
:t-1 <:;1, ..:r3t::. t.::.o=-· 

~154,5[1[1 

$34 ' 328. 5t)0 

:!-444. (1[1(1 

:t-35, 9('4~ 8'::10 
$719,4'38 

$3f::,' 6':14. 388 

$6. 0:0<2. 000 
$2,876,1)0[1 

~-4::9. 000 
~:255, 750 
~-27b, 000 
:t:!:,r:·.s. 500 

:t 12' (,[I (I' 000 
$~3. o:,:: 4

', 2so 

$:'8, 000 
$70,000 

$2. 87£::,. 000 
$3. 3(,[1, 000 

$5£.5, 500 
$513,000 

$3,801,000 
$27G,OOO 
$1[10,000 

:t-1 :.~' f::,(l[l, 00[1 
::t-1 :-'0~ 0(10 
:f.~ l [1, OCIO 

:n: .. o.:::.:·. ooo 
:t.4 :::·9. 000 

:t-31 • o::::o ~ ~.oo 

;t.;::~ • .:::::·~.:.. CICJO 
$2, ct::.s. '37=· 

:t· [I 
:t·] C:IE,, '30[1 
:1-2~:;=-,: 750 

~-5, 5E·b. t:.SO 
·t 21 (1. OOCI 

:.t··l ~ •• OCICI 
:.r:=:, :::Ct 1 .- crr.IO 
::t::.:' ::::-·~:: •• 0(1(1 

:.t .:::-·t: .• [1(1(1 
-t-17. 57E:. 27~· 

::t·~. 1 ::.:. 00[1 

:t-1 :--s. 100 

:t-31' 718,600 

$10':1, ccs. 51~ 



~'RLUES ONLY: 
CNTR/10 SEClOR 

PE<JENUES 

---------599/bST--------- F:l<::~r.k i nq 

< 0Et1POL) Bank: 1 n9 
Sub-tolai 

Sub-total 

Sub-tc:d::-al 

t1PS 

59l/E..23 

• 

598/630 

l-.:,}4/b4F~. 

59B.-'630 

598/630 

• TOTAL 

223/ 18[1 
621/'354 

GPRHD TOTFIL 

Construction 
Constr-uct..l on 
Constr-uct.l on 
Construct1on 
Cconstr-uct 1 on 
Constr-uction 
'Constr-uct 1 on 

Landfills 
Lar·,df 1 1 1 s 
Lcurdf i 11 s 
Landfills 
Landfills 
Landfills 
Landftlls 
Landfills 
Landf1lls 
l_andf ills 
[_andfi lls 
LCJndfil ls 
Lar 1df 1 1 1£. 
l_.;w.df 1 l 1 s 

t1I sc. Pr·o 5··.·•:.:::: .• 
t·1t ::.c . r-•,-o ~.,·c::: .. 
t·H='S 
t·1PS 
t·1PS 
t1PS 
t·H''5 
t1c•:o. 
t11=•S 
t·1F·~. 

t·H-'5 

t=ilt .. silo;-s 

O:COSI''OL. 4E:O > 

Go· .. · • t. cl•?mand 
Ta:~: Incr-E-ase 

1990 

$33,919,182 
$678,384 

$34.597,566 

$1,920.00(1 
$2.876,000 

$2El8.750 
$77 .. 000 

$414,00(1 
$180.000 

$11,880,0[1(1 
$17~635.,75[1 

$26,400 
$o6,UOO 

$2,876;ooo 
$3, JoB. ooo. 

$180,000. 
$472,50[1' 

$4' 161. [\[\[\ 
$4!4,000 
$100,000 

$1 1 • 880. 00(1 
$157 ~ 5[1(1 
ot198,DDO 

$ 1 ' ~~~~ ~ ~~1~1 
:t._E,b.,, --•U 

:1·2!:•. ':-ICIE: ., 1 ~·0 

:r :·. 3:-..:5 ., ooo 
:ft.S::::., 1 (10 

:.t:(l 

:.t· 1 2'~ ., f::lOCI 
.t.77 ., CICIO 

:r.s. 3ot:: , 5~~5 
:t: 1 ·:=-;t: ., 00[1 

:.t 1 4 ., I~J(H_I 
:f.-1. 1 t.l ., (11~1(1 
:l ~. 87't,, CICIO 

·f.41"-1, C11XI 
·t·l t.. 1 Sf,., -~ 75 

:f·l E:S ., 4 CICI 

$':l4. 955 '84 1 

$444 ., 0[1(1 

1~131 

=f30' 8~35. €.20 
$(. lb, 712 

=*·31 ~ 4!:02. ::J32 

$1 ~ 7t:.O. 000 
$2, E:7t: .• 000 

:t2f38. 750 
$1D4,500 
'tS~:i2, ClOD 
:t 1 F~S. CICIO 

~·1 0' t:J()[I. (100 
:$16.545.~50 

:t.::!4. 000 
:t.t;o~ ooo 

$2. EJ7b, 000 
$2, Bf30, DOD 

$165,000 
$4:~7' 500 

$4, 4'31. 000 
$5~52. 000 
$1DO.DOO 

'I' 1 0, E:IJCI. OCIO 
::1:146,500 
:.t·l130. (100 

~·1 • 7't;.U. DOD 
:t·2l~r::. 7':·0 

==1·24. :-'~:iCI. 750 

j IJ 
:t.t.r:n:::. :::;:.o 

:tn 
:r 1 ;?t:: •• ~.oo 
:t·11)-~. 500 

:.tA. t.~?.S. e:.::s 
::t·ll::o. ooo 

·t· L =:. oun 
1--1. 4'41. (101.1 
:t2. C:'.?t_:,. (100 

:.t5~:.~, CICIO 
~-1 3' !:_,t::?. r~.-;:·s 

:t1 r::s. 4CJO 

:t-4-t4. [1(11] 

·t::~El ., 2t.5, "::lB5 
~r5l.S, 320 

:f.;~8 ., 8:::11 • 305 

:t 1 ., 792. 00(1 
::r-:· t:::''E. Qrl[l 

.__ ~~::E:E:: 7~.0 
:r-132. ooo 
::t.G90, 000 
'~ 1 68. CICIO 

:t9 .. goo. ooo 
$15~846,75(1 

:t22,000 
:t-55. CICIO 

:t2 .. 876' [1[1(1 
$2,o4CI,CICIO 

$1 t:.s. ooo 
$387,000 

$4,827,000 
$690,000 

o-75, DOD 
:t'3., ·~oo, ooc1 

:1: 1 :·E:. ~.oo 
:t 1 t.:: .. CICIO 

:t 1 ., -;--•:;.::' [1[1[1 
~r.:.•r::t:.:, 7SCI 

·t ~~4 ., Cll 4. :~SCI 

10 
~f.t~.:_:-;--, r;:,[ICI 

j. 0 
:t.t2::. 7:::~0 
~1·1 .::2. OCIO 

:t4 ., :::n.: . .::, cc;:, 
-1· 1 1;.~,, (II) 0 

1·1.::. L)t:to 
J-4 ':::.-_•-;--. 0(10 
:t:'., F:7t.: .• Or:tCI 

:r.t:.·.=~o, OUCI 
:t 1::::., t:15. 425 

~t 1 E:5. 400 

:r.s:: .. ot::o.1::o 

:t.~i-1~, 0(1[1 
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~'ALLIES ONLY: -
CNTR/ID SECTOk~ 1CI93 1994 19~5 

- - • - - - •• Ri::vE:NuE:_s- .• - - - - - •.•.•. - - - - - - - - - • - - - - - - - - - - - - - - - - - - - -• - - - • - • - - - - - - •. - .• - - - - ·- .. - . - . 

---------59~/btiT---------Bank 1 ng 
{ 0Et1!=10L ) Bank 1 ng 

Sub-Lotal -

Sub-t.otal 

598/6:'10 

Sub- t.ot.~ 1 

b14..- 6..:1 F.:. 

Sector 630: combined 

TOTAL 

223/ lEICt 
S21 .... ·g::_,4 

Construcl1on 
Construct1on 
Const.ruct1on 
Construct1on 
Construct1on 
Construction 
Construction 

Landf'1lls 
Landf"1lls 
Landf1lls 
Landfills 
LandFills 
Landf'ills 
Landf'ills 
LandFills 
Landf'1lls 
L~=:Jt"ldf 1 1 1 s 
L.=!ndf1lls 
Landf1lls 
L,:mdf' i 1 1 s 
Landf1lls 

1'1isc. Pro S·,·,::s. 
1'1t so:. F'r· o S· ... •c:::. 
t·1P:.:. 
1'1PS 
t·1P5 
t·1P~. 

t·1F'5 
t·1PS 
t1F'S 
t·11"~-
t·11=·~-

Rl t _ s1 t es 

( COSPOL. 4E:O l 

Go•-.· • t. den121nd 
T d:M: 1 ncr12etse 

$22.612,788 
$452~256 

$23. cu:.s' (14 4 

$4.045~48b 
$2.876,000 

ot-0 
$256,693 
$828,000 
$314,443 

$7,920,000 
$16:-24(1~621 

$17,600 
$44~000 

$2,876,000 
$2,112,000 

$314,443 
>1'297,000 

$5,585,529 
$828,000 

$50,000 
$7 ., 92[1. 000 

~r101.200 
~t 132. 000 

$4 ~ 04~ •• 48£. 
$0 

$[1 
$1 .. ::E::4. 98E, 

$[1 
$98.337 

:1:2~ • .: .• G'33 
1·::::., .:.77. 70(1 

~t 1 ::::.? • 0(10 
:t·l o. (10[1 

:f5., ~11:1!:"·. 52~ 
:r.:• ., R7E .• [100 

:;:.:::::·1:1. [1(1[1 

:l·14 ., 84 '="'· :. ... ~ 4 

~953.'315 

$25.,574.172 

:t:;;2. E. 12 ~ 788 
!f-452. 256 

1"<;3. 06~ ~ 044 

$0 
::t-2.876,000 

$0 
$0 

$966,000 
.-.o 

$7,920.000 
$[1,762,000 

$17,600 
$44,000 

$2,876,000 
$2~ 112~'000 

$0 
ot-297. 000 

$5,585,529 
$966,000 

$'50,000 
:1:7. ':-120. 000 

:tlCil.:'CICI 
$132.00[1 

:f. [I 
:r.o 

:L;U. 1 Cll • 32'3 

.-o 
$(1 

:tO 
ot~E:. 337 

.-[) 
ok:. t-77. 700 

:t-1 32. CICIO 
~ 10. [1[.11) 

:t:S. !:·8S. 5.?9 
:t:~. £:7t-_,. Clt)r:J 

=*·'~tot~ •• IJUIJ 
:t. i .=: • .=:.:l ~ •• ~~~~:.5 

~21 • :::52. :;;:•44 

$444.000 

:t22.612~7El8 
$452,256 

$23,065,044 

$0 
$2.876,0[10 

$0 
$0 

$1,104,0(10 
$0 

$7~920,000 
$11,900,000 

$17,600 
$44,0[10 

:t2.876,000 
$2,112,000 

$0 
$297,000 

$5,585,529 
$1,104,000 

$50.000 
ot-7. 920. 0[10 

$101.200 
:t-1 32. 000 

=-*·0 
:10 

=*·20. 2::'? • .329 

$(1 
:J:.(I 
$[1 

:t<:-n::. 3::::7 
::tO 

:t::::. t;77. 7UO 
:tl ::::2. OCICI 

~-r. 1 0. 000 
:t·5. ~.:.F.:s. s::·~ 
:r:::.. s-:-··t .. ooo 
:tl.lU.:'l.OIJCI 

:1'·1 :::: • .:'IE:.::. St.s 

$297.000 

$953,'315 

:t-21,490.244 

$444,00(1 



........ ; .... ' 

APPENDIX XXIII. 

ECONOMIC SIMULATION OF PROPOSED RULES: FINDINGS 



This 9ppendix presents the results of the simulation of the proposed rules' 
economic impacts. The Agency relied on the Minnesota Forecasting and Simulation 
(MNFS-53) model for this simulation. The first set of tables is labell~d ''Solid 
Waste Rules, Control Forecast.'' These tables are included for comparative 
purposes. They provide the MNFS-53 estimate of selected economic values that 

. would result if no change is imposed by the rules. These values can be 
considered as a status quo against which the effects of the rules can be 
measured. 

The next set of tables is labelled ''Solid Waste Rules, Economic Impact -
Simulation Forecast." These tables provide the measures of the rules' impacts. 
They consist of the differences between the control forecast values and the 
simulation forecast values. · 

The final set of tables is labelled ''Solid Waste Rules, Simulation Forecast + 
Consolidation." These tables provide the same information as the second set of 
tables up until 1993. These tables also simulate the impacts of the changes 
referred to in the text of this statement as the consolidation of regional solid 
waste steams. 

Each set of tables has the same three components. The first component is a 
summary table which provides estimated values for aggregate factors of common 
concern. (The MNFS-53 can generate disaggregated tables for most of the values 
reported in these tables.) The second component is an employment table which 
provides job and population estimates. The third table is an income table which 
consists of selected income estimates. 

The tables are read in the following manner. Go to the Control Forecast's 
Summary table. The entry for total employment in l993 shows that the MNFS-53 
estimates there will be 1,885,716 jobs in the State in that year. Now consider 
the Simulation Forecast's Summary table. That table shows that the MNFS-53 
estimates there will be 95 more jobs in 1993 if the proposed rules are adopted 
and implemented. Finally, consider the Simulation+ Consolidation Forecast's 
Summary table. This table shows that the MNFS-53 estimates an increase of 87 
jobs in 1993 if the rules are adopted and the waste stream consolidation occurs. 

The rest of the tables can be read in the same manner. 



SOLID WASTE RULES, CONTROL FORECAST 

SUMMARY TABLE FOR PRIVATE NONFARM SECTORS. 

1984 1985 1986 1987 1988 1989 

P.RIVATE NONFARM EMPLOYMENT (IN THOUSANDS OF JOBS) 

TOTAL 1561.421 1613.p40 1651.133 1693.795 1741.278 1786.822 
INTERMEDIATE 302.476 311.900 319.215 327.136 335.135 342.710 
INDUCED 636.446 658.784 675.626 690.660 709.826 729.582 
EXPORT 622.500 642.356 656.291 675.999 696.318 714.530 

EXOGENOUS 0 0 0 0 0 0 

COSTS RELATIVE TO THE u.s . 
PRODUCTION . 98147 .98212 . 98324 .98470 .98628 .98787 

FACTOR INPUTS .97378 .97463 .97610 .97800 .98008 .98220 
LABOR .99008 .. 99243 .99560 .99885 1. 00234 1.00618 
FUEL .83870 .83870 .83870 .83870 .83870 .83870 
CAPITAL 1.00781 1.00745 1. 00711 1. 00769 1. 00817 1.00805 

lNTERMED. INPUTS .99379 .99414 .99469 .99544 .99623 .99697 
PROD FOR LOCAL MKT .97420 .97475 .97583 . 97730 .97892 .98056 
PROD. FOR EXPORT .99340 .99425 .. 99544 . 99687 .99839 .99989 

OTHER VARIABLES: 

LABOR INTENSITY 1. 01605 1.01517 1.01428 1.01341 1. 01254 . 1. 01164 

MULT ADJ. INDEX 1.21400 1. 22720 1.23990 1. 25211 1. 26231 1. 27166 

EXP. SHARE OF US- 2.17 2.20 2.23 2.25 2.27 2.29 

EXP EMP-PCT OF EMP 39.87 39.82 39.75 39.91 39.99 39.99 

EMP. AS PCT OF US 1. 94 1. 96 1. 98 1. 99 1. 99 2.00 

DEMAND (BILLIONS) 95.321 101.966 109.935 119.651 130.394 142.262 
SELF SUPPLY (SS) 55.164 59.119 63.880 69.530 75.858 82.955 
IMPORTS .40.157 42.848 46.055 50.121 54.536 59.307 

OUTPUT (SUP-BIL) 99.325 106.150 114.265 124.392 135.650 148.149 

SUP/OEM RATIO 1.04 1. 04 1. 04 1. 04 1. 04 1. 04 
PS=' SS/SUPPLY . 56 .56 .56 .56 .56 .56 
RPC= SS/DEMAND .58 . 58 .58 . 58 . 58 . .58 
AVERAGE WAGE RATE 17.543 18.193. 19.175 20.377 21.657 23.132 
EMPLOYMENT INDEX 1.021677 1.022210 1. 022684 1. 022711 1. 022844 1. 023912 
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SOLID WASTE RULES, CONTROL FORECAST 

SUMMARY TABLE FOR PRIVATt NONFARM SECTORS. 

1990 1991 1992 

PRIVATE NONFARM EMPLOYMENT (IN THOUSANDS OF JOBS) 

TOTAL 
INTERMEDIATE 
INDUCED 
EXPORT 

EXOGENOUS 

1817,388 
347.599 
742.868 
726.920 

0 

COSTS RELATIVE TO THE U.S. 

PRODUCTION 
FACTOR INPUTS 

LABOR 
FUEL 
CAPITAL 

INTERMED. INPUTS 
PROD FOR LOCAL MKT 
PROD. FOR EXPORT 

OTHER VARIABLES: 

LABOR INTENSITY 

MULT ADJ. INDEX 

EXP. SHARE OF US

EXP EMP-PCT OF EMP 

EMP. AS PCT OF US 

DEMAND (BILLIONS) 
SELF SUPPLY (SS) 
IMPORTS 

OUTPUT (SUP-BIL) 

SUP/OEM RATIO 
PS= SS/SUPPLY 
RPC= SS/DEMAND 
AVERAGE WAGE RATE 
EMPLOYMENT INDEX 

.98961 

. 98451 
1. 01014 

.83870 
1.00824 

. 99778 

.98236 
1. 00152 

1.01072 

1. 28041 

2.31 

40.00 

2.01 

154.646 
90.365 
64.281 

161.271 

1.04 
.56 
.58 

24.873 
1.025684 

1842.028 
350.307 
754.740 
736.981 

0 

.99145 

.98695 
1.01417 

.83870 
1.00865 

.99867 

.98428 
1.00324 

1. 00978 

1.28868 

2.33 

40.01 

2.02 

168.709 
98.871 
69.839 

176.123 

1. 04 
.56 
.59 

26.816 
1.026629 

1865.776 
354.838 
764.489 
746.449 

0 

. 99311 

. 98915 
1. 01787 

.83870 
1. 00881 

. 99946 

. 98602 
1. 00477 

1. 00883 

1.29653 

2.35 

40.01 

2.03 

184.040 
108.173 
75.867 

192.110 

1.04 
.56 
.59 

28.872 
1.027214 

1993 

1885.716 
359.355 
772.456 
753.904 

0 

. 99462 

.99115 
1. 02118 

. 83870 
1.00907 
1. 00017 

. 98760 
1. 00615 

1.00787 

1.30402 

2.36 

39.98 

2.03 

200.028 
117. 914 
82.114 

208.765 

1.04 
. 56 
. 59 

31.079 
1.027693 

1994 

1904.603 
364.207 
779.560 
760.836 

0 

.99598 

.99297 
1.02423 

.83870 
1.00909 
1. 00081 

.98904 
1.00740 

1.00690 

1. 31118 

2.38 

39.95 

2.03 

217.136 
128.390 
88.746 

226.660 

1.04 
.57 
. 59 

33.469 
1. 028575 

1995 

1923.795 
369.697 
786.017 
768.080 

0 

.99730 

.99473 
1. 02713 

.83870 
1.00926 
1.00143 

.99043 
1.00860 

1.00594 

1.31804 

2.39 

39.93 

2. 04 

235.229 
139.435 
95.794 

245.699 

1. 04 
. 57 
.59 

36.056 
1. 029897 
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SOLID WASTE RULES, CONTROL FORECAST 

EMPLOYMENT TABLE (IN THOUSANDS OF JOBS) 

1984 1985 1986 1987 1988 1989 

MANUFACTURING 373.497 380.601 384.060 394.417 404.352 411.610 
AS A PCT OF U.S. 1. 913 1. 929 1. 939 1.942 1. 951 1.964 
DURABLES 224.720 229.537 231.586 239.329 246.593 251.944 
NONDURABLES 148.776 151.064 152.474 155.088 157.759 159.666 

NON-MANUFACTURING 1187.925 1232.439 12-67.073 1299.378 1336.926 1375.212 
AS A PCT OF U.S. 1.954 1.973 1.990 1.998 2.007 2.017 
MINING 9.83i 10.107 10.077 9.936 9.885 9.843 
CONSTRUCT! ON 68.420 70.587 72.564 75.764 78.085 79.810 
TRANSPORT + PUB UT 97.346 99.568 100.651 102.011 103.523 104.674 
FINANCE, INS,+ RE 107.961 111.458 115.354 119.572 124.528 - 129.874 
RETAIL TRADE 343.318 358.976 370.954 380.987 393.759 407.574 
WHOLESALE TRADE 116.385 119.076 120.462 121.212 122.353 123.573 
SERVICES 436.003 453.938 468.246 481.037 495.770 510.652 
AGRI/FOR/FISH 8.662. 8. 729 8.765 8.858 9.023 9.212 

TOTAL GOVERNMENT 290.564 . 296.383 299.936 303.240 309.482 316.526 
· AS A PCT OF U.S. 1. 543 1. 550. 1. 546 1. 540 1.536 1. 533 

STAND LOCAL GOVT. 242.893 248.032 250.560 252.552 257.272 263.194 
FED. GOVT. CIVI. 30.913 31.359 32.071 32.961 33.951 34. 597 
FED. GOVT. MILl. 16.758 16.992 17.305 17. 727 18.258 18.735 

FARM EMPLOYMENT 43.828' 42.980 42.079 41.488 41.128 40.698 
AS A PCT OF U.S. 3.586 3.586 3.586 3.586 3.586 3.586 

TOTAL WAG&SAL EMP. 1895.813 1952.403 1993.147 2038.523 2091.889 2144.046 
AS A PCT OF U.S. 1.889 1.905 1. 916 1. 920 1.926 1.933 

POPULATION 4161.998 4222.868 4255.721 4285.855 4315.520 4344.502 
AS A PCT OF U.S. 1. 762 1.771 . 1. 769 1.765 1. 761 1. 757 
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SOLID WASTE RULES, CONTROL FORECAST 
r~~:: 
···J. 
~-··:•: EMPLOYMENT TABLE (IN THOUSANDS OF JOBS) 
~~-~:· 

r--:!: 1990 1991 1992 1993 1994 1995 G) 

C! MANUFACTURING 415.370 418.776 420.886 421.220 421.216 421.493 
\Yl AS A PCT OF U.S. 1.978 1. 993 1.998 2.000 2.005 2.011 

,. DURABLES 255.336 258.689 260. 511 261.054 261.380 261.989 
td NONDURABLES 160.034 160.087 160.374 160.166 159.836 159.504 
(:l 

NON-MANUFACTURING 1402.018 1423;252 1444.890 1464.495 1483:387 1502.302 
ht' AS A PCT OF U.S. 2.025 2.032 2.037 2.040 2.044 2.047 :·:· 

Q: MINING 9.735 9.830 9.622 9.289 8.934 8.485 
(:··;: 

CONSTRUCT! ON 80.746 81.737 82.699 83.945 85.189 85.997 CY 
TRANSPORT + PUB UT 104.782 104.622 104.469 104.123 103.612 103.067 
FINANCE, INS,+ RE 134.205 137.760 141.399 144.992 148.651 152.421 
RETAIL TRADE 418.317 427.721 435.535 442.224 448.477 455.047 
WHOLESALE TRADE 123.909 123.661 124.724 125.613 126.507 127.228 
SERVICES 520.983 528.746 536.918 544.468 551.885 559.654 

-AGRI/FOR/FISH 9.339 9.175 9.525 9.842 10.132 10.402 (I 
j 

TOTAL GOVERNMENT 323.237 329.459 335.278 340.844 346.289 351.656 
AS A PCT OF U.S. 1.532 1. 531 1.531 1. 531 1. 531 1.531 
ST AND 'LOCAL GOVT. 269.023 274.522 279.803 284.877 289.857 294.766 
FED. GOVT. CIVI. 35.120 35.576 35.966 36.333 36.689 37. 04 5 
FED. GOVT. MIL!. 19.095 19.361 19.509 19.634 19.744 19.845 

FARM EMPLOYMENT 40.190 39.435 38.777- 38.168 37.639 37.135 r )I 

AS A P CT OF U • S • 3.586 3.586 3.586 3.586 3.586 3.586 
,_, 

TOTAL WAG&SAL EMP. 2180.815 2210.921 2239.831 2264.727 2288.532 2312.586 
AS A PCT OF U.S. 1.939 1.945 1.948 1. 949 1.952 1. 954 

POPULATION 4372.527 4399.976 4426.659 4452.858 4478.029 4501.651 
AS A PCT OF U.S . 1. 753 1.749 1.746 1.743 1. 739 1. 736 
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SOLID WASTE RULES, CONTROL FORECAST 

PERSONAL INCOME TABLE (IN BILLIONS OF DOLLARS) 

1984 1985 1986 1987 1988 1989 

WAGE AND SAL DISB 32.972 '35.273 38.006 41.341 45.128 49.449 
PROPRIETORS INCOME 3.954 3.925 4.094 4.367 4.655 4. 945 

NON-FARM 2. 724 2.856 2.983 3.160 3.334 3.505 
FARM 1.230 1. 069 1.112 1.207 1.321 1. 441 

OTHER LABOR INCOME 3.668 4.002 4.395 4.890 5.461 6.139 

DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE: 

TOT LABOR + PROP INC 40.593 43.201 46.496 50.599 55.244 60.533 
AS A PCT OF U.S. 1.899 1.907 1. 919 1.928 1.938 1. 949 
LESS SOC INSR CONT 2.614 2.870 3.139 3.422 3.891 4.280 
PLUS RESID ADJ -.074 -. 079. -.086 -.093 -.102 -.112 
PLUS DIV,INT,RENT 10.637 11.833 12.734 13.989 15.379 16.564 
PLUS TRANSFER PAY 6.568 6.986 7.387 7.864 8.419 9.135 

PERSONAL I NCO ME 55.111 59.070 63.393 68.937 75.049 81.839 
AS A PCT OF U.S . 1.836 1.844 1.849 1. 853 1.857 1. 861 
LESS TAXES 8.349 8.706 9.030 9.908 10.865 11.832 

FEDERAL INCOME+ · 4.598 4.974 5.387 5.865 6.453 7.026 
STATE INCOME 2.168 2.035 1. 819 2.057 2.245 2.445 
OTHER TAXES 1. 582 1.697 1. 824 1.986 2.168 2.360 

DISPOSABLE PER. INC. 46.762 50.365 54.362 59.029 64.183 70.007 

CONSUMER PR INDEX 324.006 336.041 350.485 367.880 388.039 410.824 

REAL DIS PER INC-'67 14.432 14.988 15.511 16.046 16.540 17.041 
AS A PCT OF U.S. 1.749 1. 766 1. 782 1.785 1. 790 1. 797 

BREAKDOWN OF LABOR AND PROPRIETOR'S INCOME: 

MANUFACTURING 10.324 11.014 11.806 12.955 14.207 15.564 
DURABLE$ 6.346 6.797 7.292 8.056 8.886 9.777 
NONDURABLES 3.978 4.218 4.514 4.899 5.322 5. 787 

NON-MANUFACTURING 23.213 24.922 26.939 29.288 31.941 35.010 
MINING .301 .319 .334 .348 .368 .392 
CONSTRUCTION 2.167 2.295 2.461 2.705 2.940 3.186 
TRANSPORT + PUB UT 3.183 3.390 3.626 3. 913 4.227 4.575 
FINANCE, INS,+ RE 2.565 2. 772 3.050 3.376 3.757 4.217 
RETAIL TRADE 3.971 4.281 4.634 5.028 5.502 6.066 
WHOLESALE TRADE 3.149 3.333 3.545 3. 778 4. 045 4.359 
SERVICES 7.728 8.378 9.128 9.968 10.918 12.015 
AGRI /FOR/FISH .149 .154 .162 .172 .184 .199 

TOTAL GOVERNMENT 5.465 5.811 6.228 6.704 7.291 7.991 
STAND LOCAL GOVT. 4.533 4.825 5.162 5.540 6.015 6.598 
FED. GOVT. CIVI. .830 .877 . 949 1. 038 1.139 1. 245 
FED. GOVT. MILl. .102 .109 .116 .126 .137 .149 

FARM 1. 592 1. 454 1. 523 1. 652 1. 804 1. 967 
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SOLID WASTE RULES, CONTROL FORECAST 
t) 
"\,.;. 

j~·::. 

l-·:1 
PERSONAL INCOME TABLE (IN BILLIONS OF DOLLARS) 

h:; 
1990 1991 1992 1993 ·1994 1995 ...... 

'-·!·· 

WAGE AND SAL DISB 54.126 59.214 64.644 70.417 76.686 83.534 
PROPRIETORS INCOME 5.264 5.607 5.973 6. 345 6.754 7.198 

NON-FARI1 3.708 3.935 4.179 4.419 4.683 4.976 
. ' FARM 1.555 1. 672 1. 794 1.926 2.072 2.222 i_r· 
, ....... 
!,,.; OTHER LABOR INCOME 6.874 7.665 8.509 9.387 10.328 11.354 
'· .. 

i·.' DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE: 
i··:\ 

TOT LABOR + PROP INC 66.264 72.487 79.126 86.149 93.769 102.085 
AS A PCT OF U.S. 1.960 1. 970 1. 976 1.980 1.984 1. 989 ~ 

I) ! LESS SOC INSR CONT 4.766 5' 2.19 5.756 6.300 6. 894 7. 547 
PLUS RESID ADJ -.124 -.136 -.148 -.162 -.176 -.193 
PLUS DIV,INT,RENT 17.717 19.105 20.563 22.106 23.706 25.425 
PLUS TRANSFER PAY 9.960 10.859 11.856 12.959 14.138 15.410 • 

PERSONAL INCOME 89.051 97.066 105.641 114.753 124. 542 135.181 t 
AS A PCT OF U.S .. 1. 865 1. 869 1. 871 1.871 1. 872 1. 873 
LESS TAXES 12.917 14.125 15.417 16.794 18.284 19.912 

FEDERAL INCOME+ 7.695 8.442 9.242 10.099 11.028 12.046 
STATE INCOME 2.657 2.892 3.142 3.407 3.692 4.003 
OTHER TAXES 2.565 2.792 3.033 3.289 3.564 3.864 

DISPOSABLE PER. INC. 76.133 82.941 90.224 97.958 106.258 115.269 

CONSUMER PR INDEX 436.204 463.356 492.395 523.855 557.846 594.601 

REAL DIS PER INC-'67 17.454 17.900 18.324 18.700 19.048 19.386 
AS A PCT OF U.S. 1. 802 1.806 1.808 1.808 1.809 1. 810 

BREAKDOWN OF LABOR AND PROPRIE10R'S INCOME: 

MANUFACTURING 17.007 18.601 20.235 21. 895 23.664 25.588 
DURABLES 10.735 11.805 12.873 13.951 15.102 16.361 
NONDURABLES 6.271 6.796 7.362 7.944 8.563 9.227 

NON-MANUFACTURING 38.325 41.886 45.751 49.883 54.389 59.325 
MINING .418 .456 .482 .502 .521 .533 
CONSTRUCTION 3.448 3.748 4.067 4.426 4.818 5.221 
TRANSPORT + PUB UT 4.933 5.325 5.739 6.166 6.613 7.087 
FINANCE, INS,+ RE 4. 724 5.239 5.807 6.438 7.147 7.960 
RETAIL TRADE 6.685 7.367 8.068 8.801 9.588 10.448 
WHOLESALE TRADE 4. 700 5.059 5.494 5.955 6.455 6.989 
SERVICES 13.202 14.465 15.840 17.317 18.938 20.747 
AGRI/FOR/FISH .216 .227 .253 .279 .308 .339 

TOTAL GOVERNMENT 8.803 9. 705 10.668 11.709 12.845 14.082 
STAND LOCAL GOVT. 7.278 8.035 8.846 9. 723 10.681 11.726 
FED. GOVT. CIVI. 1. 364 1. 495 1.632 1. 779 1. 939 2.113 
FED. GOVT. MILl. .161 .175 .191 .207 .225 .244 

FARM 2.128 2.295 2.471 2.662 2.871 3.090 



SOLID WASTE RULES, SIMULATION FORECAST 
87/09/08. 

SUMMARY TABLE FOR PRIVATE NONFARM SECTORS. 

1984 1985 1986 1987 1988 1989 

PRIVATE NONFARM EMPLOYMENT (IN THOUSANDS OF JOBS) 

TOTAL .105 .029 .043 .014 .530 .801 
INTERMEDIATE .070 .043 .047 .044 .223 .240 
INDUCED -.105 -.107 -.135 -.136 -.253 .163 
EXPORT .140 .093 .131 .106 . 561 .398 

EXOGENOUS .160 .129 .179 .167 .663 1.048 

COSTS RELATIVE TO THE u.s. 

PRODUCTION .00029 .00025 .00026 .00026 .00059 .00077 
FACTOR INPUTS .00002 .00002 .00000 . 00002 . 00008 . .00013 

LABOR .00001 .00001 .00002 .00002 .00008 .00013 
FUEL 0 0 0 0 0 0 
CAPITAL .00006 .00005 .00003 .00006 .00013 .00018 

INTERMED. INPUTS .00045 .00039 .00042 .00041 .00090 .00116 
PROD FOR LOCAL MKT . 00032 . 00027 .00028 . 00028 .00065 .00084 
PROD. FOR EXPORT .00024 .00021 .00021 .00022 .00049 . 00064 

OTHER VARIABLES: 

LABOR INTENSITY .00000 .00000 .00000 .00000 .00000 .00000 

MULT ADJ. INDEX -.00000 -.00000 -.00000 -.00000 -.00000 -.00000 

EXP. SHARE OF US- .00 .00 .00 .00 . 00 . 00 

EXP EMP-PCT OF EMP .01 .01 .01 .01 .02 .00 

EMP. AS PCT OF US .00 .00 .00 . 00 . 00 .. .00 

DEMAND (BILLIONS) .016 .010 .008 .007 .024 .012 
SELF SUPPLY (SS) .004 .001 -.000 -.001 .005 . 000 
IMPORTS .012 .009 .008 .008 .018 .012 

OUTPUT (SUP-BIL) .034 .027 .030 .028 .076 .087 

SUP/OEM RATIO .00 .00 .00 .00 .00 .00 
PS:o SS/SUPPLY -.00 -.00 -.00 -.00 -.00 -.00 
RPC"' SS/DEMAND -.00 -.00 -.00 -.00 -.00 -.00 
AVERAGE WAGE RATE .002 .002 .002 .002 .006 . 007 
EMPLOYMENT INDEX 0 0 0 0 0 0 
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SOLID WASTE RULES, SIMULATION FORECAST 

J::~·: 
87i09/08. 

··1. SUMMARY TABLE FOR PRIVATE NONFARM SECTORS. 
i''"' 

f·•·'' 
' 

~-. r; 1990 1991 1992 1993 1994 1995 
Ot 

~ 
C\ PRIVATE NONFARM EMPLOYMENT (IN THOUSANDS OF JOBS) 
~:>··· 
., 

TOTAL .498 .322 .194 .095 .048 . 014 
(i,i INTERMEDIATE .147 .109 .078 .047 .035 . 026 
(:\ INDUCED .110 .061 .006 -.008 -.029 -. 044 

.. EXPORT .241 .152 .111 .057 .042 .032 fd' 
(j: EXOGENOUS .860 . 722 .635 .559 .521 .485 
r·,~: 

C\ 

4 COSTS RELATIVE TO THE U.S . 

PRODUCTION . 00067 . 00057 .00051 .00045 .00042 .00039 
FACTOR INPUTS .00014 .00012 . 00010 .00009 .00007 .00006 

LABOR .00014 . 00013 .00012 .00010 .00008 .00006 • FUEL 0 0 0 0 0 0 
CAPITAL . 00021 .00014 . 00013 .00012 . 00011 .00010 • INTERMED. INPUTS .00098 .00085 .00076 .00067 .00063 .00059 

PROD FOR LOCAL MKT .00073 . 00063 . 00057 .00050 .00046 .00043 
PROD. FOR EXPORT .00056 .00048 . 00043 .00037 .00034 . 00032 

OTHER VARIABLES: 

LABOR INTENSITY .00000 .00000 .00000 .00000 .00000 .00001 

MULT ADJ. INDEX -.00000 -.00000 -.00000 -.00000 -.00000 -.00000 

EXP. SHARE OF US- .00 .00 .00 .00 .00 .00 

EXP EMP-PCT OF EMP .00 .00 .00 .00 .00 .00 

EMP. AS PCT OF us .00 .00 .00 .00 .00 .00 

DEMAND (BILLIONS) -.007 -. 013 -.021 -.030 -.036 -. 040 
SELF SUPPLY ( ss) -. 009 . -.012 -. 017 -.021 -.025 -.027 
IMPORTS .002 -. 001 -. 004 -.009 -. 011 -. 013 

OUTPUT (SUP-BIL) .059 .044 .032 .020 .015 .011 

SUP /OEM RATI 0 .00 .00 .00 .00 .00 .00 
PS= SS/SUPPLY -.00 -.00 -.00 -.00 -.00 -.00 
RPC= SS/DEMAND -.00 -.00 -.00 -.00 -.00 -.00 
AVERAGE WAGE RATE .006 .006 .005 .005 .004 .004 
EMPLOYMENT INDEX 0 0 0 0 0 0 



SOLID WASTE RULES, SIMULATION FORECAST 
87/09/08. 

EMPLOYMENT TABLE. (IN THOUSANDS OF JOBS) 

1984 1985 1986 1987 1988 1989 

MANUFACTURING -.005 -.028 -.042 -.056 -.061 -.120 
AS A PCT OF U.S. -.000 -.000 -.000 -.000 -.000 -.001 

DURABLES .005 -.015 -.025 -.036 -.033 -.086 

NONDURABLES -.010 -.013 -.018 -.020 -.028 -.034 

NON-MANUFACTURING .110 .058 .086 .071 .591 .921 
AS A PCT OF U.S. .000 .000 .000 .000 .001 . 001 

MINING -.000 .000 . 000 .000 .000 .000 

CONSTRUCTION .065 .036 .063· .062 .362 .290 

TRANSPORT + PUB UT .125 .109 .107 .099 .120 .102 

FINANCE, INS,+ RE -.009 -.009 -.012 -. 011 -.015 . 501 

RETAIL TRADE -. 054 -. 056 -.063 -.062 -. 071 -.110 

WHOLESALE TRADE .006 .001 -.000 -.002 .016 .002 

SERVICES -.024 -.023 -.008 -.014 .178 .137 

AGRI /FOR/FISH .000 -.000 -.000 -.000 .001 .000 

TOTAL GOVERNMENT 0 .005 .001 .002 . 010 . 030 
AS A PCT OF U.S. 0 .000 .000 .000 .000 .000 

STAND LOCAL GOVT. 0 .005 . 001 .002 .010 .030 

FED. GOVT. C I VI . 0 0 0 0 0 0 

FED. GOVT. MILl. 0 0 0 0 0 0 

FARM EMPLOYMENT 0 0 0 0 0 0 
AS A PCT OF U.S. 0 0 0 0 0 0 

TOTAL WAG&SAL EMP. .105 .034 .045 .016 . 540 .831 
AS A PCT OF U.S. . 000 .000 . 000 .000 :ooo .001 

POPULATION 0 .077 .024 .032' . 011 . 366 
AS A PCT OF u ,s. 0 .000 .000 .000 .000 . 000 

' 
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(IN THOUSANDS OF JOBS) ··.~ EMPLOYMENT TABLE. ; .. :. 
j-.;:1 

i .... ;;; 1990 1991 1992 1993 1994 1995 

MANUFACTURING -.176 -. 202· -.218 -.226 -.225 -.221 '~ 
AS A PCT OF U.S. -.001 -.001 -.001 -.001 - •, 001 -. 001 

! :}~ 
DURABLE$ -.131' -.152 -.164 -.170 -.170 -.166 

L> NONDURABLES -. 045 -.050 -.054 -.056 -.056 -.055 ... 
i'•,:: 
() 
j-.:; NON-MANUFACTURING . 674 . 524 . 413 . .321 .273 .235 

AS A PCT OF U . S . . 001 .001 .001 .000 .000 .000 

MINING .000 .000 .000 .000 .000 .000 

CONSTRUCTION .198 .170 .148 .113 .104 .096 • TRANSPORT + PUB UT .074 .063 . 054 .043 .038 .035 

• FINANCE, INS,+ RE .432 .360 .300 .275 .252 .231 

RETAIL TRADE -.116 -.112 -.114 -.114 -.115 -.114 

WHOLESALE TRADE -. 011 -. 014 -. 017 -.021 -.022 -.022 

SERVICES .097 .056 .042 .025 .016 .010 

AGRI/FOR/FISH .000 -. 000 -.000 -.000 -.000 -.000 

TOTAL GOVERNMENT .042 .029 .021 . 015 .010 .008 
AS A PCT OF U.S. .000 .000 .000 .000 .000 .000 

ST AND LOCAL GOVT. .042 .029 .021 .015 .010 .008 

FED. GOVT. CIVI. 0 0 0 0 0 0 

FED. GOVT. MILI. 0 0 o· 0 0 0 

FARM EMPLOYMENT 0 0 0 0 0 0 
AS A PCT OF U.S. 0 . 0 0 0 0 0 

TOTAL WAG&SAL EMP. .540 .351 .215 .110 .058 .022 
AS A PCT OF U.S. .000 .000 .000 .000 .000 .000 

POPULATION .553 . 355 .229 .139 .071 .037 
AS A PCT OF U.S. .000 .000 .000 .000 .000 .000 
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SOLID WASTE RULES, SIMULATION FORECAST 
87/09/08. 

PERSONAL INCOME TABLE (IN BILLIONS OF DOLLARS) 

1984 1985 1986 1987 1988 1989 

WAGE AND SAL DISB .005 .003 .004 .004 .022 . 032 
PROPRIETORS INCOME .001 . 000 .001 .001 .003 .003 

NON-FARM .001 .000 .001 .001 .003 .003 
FARM 0 0 0 0 0 0 

OTHER LABOR INCOME .001 .000 .000 .000 .002 . 003 

DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE: 

TOT LABOR + PROP INC .006 .004 .005 .005 .027 .039 
AS A PCT OF U.S. .000 .000 .ODD .DOD .001 .001 

LESS SOC INSR CONT .DOD .DOD .DOD .000 .001 . 002 
PLUS RESID ADJ -.000 -.000 -.000 -.000 -.000 -.000 
PLUS DIV,INT,RENT 0 .000 .DOD .DOD .DOD .001 
PLUS TRANSFER PAY -.000 .000 -.DOD .DOD -.002 -.002 

PERSONAL INCOME .006 .005 .005 .005 .024 .036 
AS A PCT OF U.S. .ODD .000 .000 .DOD .001 . 001 

LESS TAXES .001 .001 .001 .001 .005 .007 
FEDERAL INCOME+ .001 .000 .DOD .DOD .003 . 004 
STATE INCOME .000 .000 .000 .000 .001 . 002 
OTHER TAXES .ODD .000 .000 .000 .001 . 001 

DISPOSABLE PER. INC. .005 .004 .004 .004 .019 ;030 

CONSUMER PR INDEX .135 .120 .133 .137 .320 .437 

REAL DIS PER INC-'67 -.005 -.004 -.005 -.005 -.009 -. 011 
AS A PCT OF U.S. -.001 -.000 -.001 -. 001 -.001 -.001 

BREAKDOWN OF LABOR AND PROPRIETOR'S INCOME: 

MANUFACTURING .000 -. 001 -.001 -.002 -.001 . -. 003 
DURABLES .000 -~000 -.001 -.001 -.001 -. 002. 
NONDURABLES -.000 -.000 -.000 -.001 -.001 -. 001 

NON-MANUFACTURING .006 .005 .006 .006 .028 .040 
MINING .000 .000 .000 .000 .000 .000 
CONSTRUCTION .002 .001 .002 .002 .014 . 012 
TRANSPORT + PUB UT .005 .004 .005 .004 .006 . 006 
FINANCE, INS,+ RE -.000 -.000 -.000 -.000 -.000 .015 
RETAIL TRADE -.001 -.001 -.001 -.001 -.001 -.001 
WHOLESALE TRADE .000 .000 .000 -.000 .001 .000 
SERVICES -.000 -.000 .000 .000 .008 .007 
AGRI /FOR/FISH .000 .000 .000 .000 .000 .000 

TOTAL GOVERNMENT .000 .000 .000 .000 .001 . 002 
STAND LOCAL GOVT. .000 .000 .000 .000 .001 .002 
FED. GOVT. CIVI. .000 .000 .000 .000 .000 .000 
FED. GOVT. MILl. 0 0 0 0 0 0 

FARM 0 o· 0 0 0 0 
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r1 SOLID WASTE RULES, SIMULATION FORECAST ••\:•. 
··•! 87/09/08. 
i::l:: 
··I PERSONAL INCOME TABLE (IN BILLIONS OF DOLLARS) 
}·····: 

I·'' 1990 1991 1992 1993 1994 1995 
("·;': 

\)). WAGE AND SAL DISB .026 .022 .018 .014 .012 . 010 
i~·r PROPRIETORS INCOME .002 .002 .002 .001 .001 .001 
'":' NON -FARM .002 .002 .002 .001 .001 .001 (i'l 

FARM 0 0 0 0 0 0 ... 
OTHER LABOR INCOME .002 ~).1. .001 .001 .000 .000 -.000 

C\ 
DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE: 

r··J 
C~: TOT LABOR + PROP INC .030 .025 .021 .016 .013 .011 
•·,:•; 

(): 
AS A PCT OF U.S. .001 .001 .001 .000 .000 .000 

LESS SOC INSR CONT .001 .001 .001 .000 .000 .000 
PLUS RESID ADJ -.000 -.000 -.000 -.000 -.000 -.000 
PLUS DIV,INT,RENT .002 .002 .001 .001 .000 .000 
PLUS TRANSFER PAY .000 .000 .000 .000 .000 .000 

PERSONAL INCOME .032 .026 .021 .016 .014 .011 
AS A PCT OF U.S. .001 .000 .000 .000 .000 .000 

LESS TAXES .006 .005 .004 .003 .003 .002 
FEDERAL INCOME+ .003 .003 .002 .002 .001 .001 
STATE INCOME .002 . 001. .001 .001 .001 .001 
OTHER TAXES .001 .001 .001 .001 .000 .000 

DISPOSABLE PER. INC. .026 .021 .017 .013 .011 .009 

CONSUMER PR INDEX .394 .361 .344 .321 .320 .319 

REAL DIS PER INC-'67 -.010 -.009 -.009 -.009 -.009 -.009 
AS A PCT OF U.S. -.001 -.001 -.001 -.001 -.001 -.001 

BREAKDOWN OF LABOR AtJD PROPRIETOR'S INCOME: 

MANUFACTURING -.006 -.008 -.009 -. 011 -.012 -. 013 
DURABLES -.005 -.006 -.007 -.009 -.010 -. 010 
NONDURABLES -.001 -.002 -.002 -.002 -.003 -.003 

NON-MANUFACTURING .034 .030 .028 .025 .024 .023 
MINING .000 .000 .000 .000 .000 .000 
CONSTRUCTION .009 .009 .008 .007 .007 .007 
TRANSPORT + PUB UT .005 .004 .004 .004 .003 .003 
FINANCE, INS,+ RE .015 .013 .012 .012 .012 .012 
RETAIL TRADE -.001 -.002 -.002 -.002 -.002 -.003 
WHOLESALE TRADE .000 -.000 -.000 -.001 -.001 -.001 
SERVICES .007 .005 .005 .004 . 004 .004 
AGRI/FOR/FISH .000 .000. .000 .000 .000 .000 

TOTAL GOVERNMENT .003 .003 .002 .002 .002 .002 
STAND LOCAL GOVT. .002 .002 .002 .002 .002 .002 
FED. GOVT. CIVI. .000 .000 .000 .000 .000 .000 
FED. GOVT. MILl. 0 0 0 0 0 0 

FARM 0 0 0 0 0 0 
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SOLID WASTE RULES, SIMULATION FORECAST +CONSOLIDATION 

SUMMARY TABLE FOR PRIVATE NONFARM SECTORS. 

1984 1985 1986 1987 1988 1989 

PRIVATE NONFARM EMPLOYMENT (IN THOUSANDS OF JOBS) 

TOTAL .105 .029 .043 .014 .530 .80~ 
INTERMEDIATE .070 .043 .047 .044 .223 .240 
INDUCED -.105 -·.107 -.135 -.136 .253 .163 
EXPORT .140 .093 .131 .106 .561 .398 

EXOGENOUS .160 .129 .179 .167 .663 1.048 

COSTS RELATIVE TO THE U.S. 

PRODUCTION .00029 .00025 .00026 .00026 .00059 .. 00077 
FACTOR INPUTS .00002 .00002 .00000 .00002 .00008 .00013 

LABOR .00001 .00001 .00002 .00002 .00012 .00016 
FUEL 0 0 0 0 0 0 
CAPITAL .00006 .00005 .00003 .00006 . 00013 .00018 

INTERMED. INPUTS .00045 .00039 .00042 .00041 .00090 . 00116 
PROD FOR LOCAL MKT .00032 .00027 .00028 .00028 .00065 .00084 
PROD. FOR EXPORT .00024 .00021 .00021 .00022 . 00049 .00064 

OTHER VARIABLES: 

LABOR INTENSITY .00000 .00000 .00000 .00000 .00000 .00000 

MULT ADJ. INDEX -.00000 -.00000 -. 00000 . -.00000 -.00000 -.00000. 

EXP. SHARE OF US- .00 .00 .00 .00 .00 .00 

EXP EMP-PCT OF EMP .01 .01 .01 .01 .02 .00 

EMP. AS PCT OF US .00 .00 .00 .DO . DO .00 

DEMAND (BILLIONS) .016 .010 .008 ;007 .024 .012 
SELF SUPPLY (SS) .004 . 001 -.000 -.001 .005 .000 
IMPORTS .012 .009 .008 .008 .018 .012 

OUTPUT (SUP-BIL) .034 .027 .030 .028 .076 .087 

SUP/OEM RATIO .00 .00 .00 .00 .00 .00 
PS= SS/SUPPLY -.00 -.00 -.00 -.00 -.00 -.00 
RPC= SS/DEMAND -.00 -.00 -.00 -.00 -.00 -.00 
AVERAGE WAGE RATE .002 .002 .002 . 002 .006 .007 

. EMPLOYMENT INDEX 0 0 0 0 0 0 
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SOLID WASTE RULES, SIMULATION FORECAST +CONSOLIDATION 
:[.1 
.. I 

\' 

I' SUMMARY TABLE FOR PRIVATE NONFARM SECTORS. 
-1·::\ 

h'; 1990 1991 1992 1993 1994 1995 
1·:;·~ 

C> 
l:;;·i PRIVATE NONFARM EMPLOYMENT (IN THOUSANDS OF JOBS) 

!,;.; TOTAL .498 .322 .194 .087 -.014 -. 041 - INTERMEDIATE .147 .109 .078 .055 .019 .012 j ~ 

''\, INDUCED .110 . 061 .006 -.068 -. 061 -. 074 
i\' EXPORT . 241 .152 .111 .099 . 028 . 022 
C' EXOGENOUS .860 .722 .635 .544 .449 .419 
i·:\ 

COSTS RELATIVE TO THE u.s . 

PRODUCTION . 00067 . 00057 .00051 .00046 .00037 .00034 
FACTOR INPUTS .00014 .00012 .00010 .00009 .00007 .00005 

LABOR .00014 . 00013 .00012 .00010 .00007 .00005 
FUEL 0 0 0 0 0 0 
CAPITAL .00021 .00014 . 00013 .00012 .00010 .00009 

INTERMED. INPUTS .00098 .00085 .00076 .00068 .00056 .00052 
PROD FOR LOCAL MKT .00073 .00063 .00057 .00051 .. 00041 .00038 
PROD. FOR EXPORT .00056 .·00048 . 00043 .00038 .00031 .00028 

OTHER VARIABLES: 

LABOR INTENSITY .00000 .00000 .00000 .00000 .00000 .00001 

MULT ADJ. INDEX -.00000 -.00000 -.00000 -.00000 -.00000 -.00000 

EXP. SHARE OF, US- .00 .00 .00 . 00 . 00 .00 

EXP EMP-PCT OF EMP .00 .00 .00 .00 .00 .00 

EMP. AS PCT OF US .00 .00 .0.0 .00 -.00 -.00 

DEMAND (BILLIONS) -.007 -. 013 -.021 -.026 -.036 -. 040 
SELF SUPPLY ( ss) -.009 -.012 -.017 -.020 -. 024 -.027 
IMPORTS .002 -.001 -.004 -. 006 -. 012 -.013 

OUTPUT (SUP-BIL) .059 .044 .032 .024 .008 .004 

SUP/DEM RATIO .00 .00 .00 .00 .00 .00 
PS= SS/SUPPLY -.00 -.00 -.00 -.00 -.00 -. 00 
RPC= SS/DEMAND -.00 -.00 -.00 -.00 -.00 -.00 
AVERAGE WAGE RATE .006 .006 .005 .005 . 004 .003 
EMPLOYMENT INDEX 0 0 0 0 0 0 



SOLID WASTE RULES, SIMULATION FORECAST +CONSOLIDATION 

EMPLOYMENT TABLE (IN THOUSANDS OF JOBS) 

1984 1985 1986 1987 1988 1989 

MANUFACTURING -.005 -.028 -.042 -. 056 . -.061 -.120 
AS A PCT OF U.S. -.000 -.000 -.000 -.000 -.000 -.001 
DURABLES .005 -. 015 -. 025 -. 036 -.033 -. 086 
NONDURABLES -.010 -. 013 -.018 -.020 -. 028 -.034 

NON-MANUFACTURING .110 .058 .086 .071 . 591 .921 
AS A PCT OF U.S. .000 .000 .000 .000 .001 .001 
MINING -.000 .000 .000 .000 .000 .000 
CONSTRUCTION .065 .036 .063 . 062 .362 .290 
TRANSPORT + PUB UT .125 .109 .107 .099 .120 .102 
FINANCE, INS,+ RE -.009 -.009 -.012 -. 011 -.015 .501 
RETAIL TRADE -. 054 -.056 -.063 -.062 -. 071 -.110 
WHOLESALE TRADE .006 .001 -.000 -.002 .016 .002 
SERVICES -.024 -.022 -.008 -.014 .178 .137 
AGRI/FOR/FISH .000 -.000 -.000 -.000 .001 .000 

TOTAL GOVERNMENT -.000 .005 . 001 .002 .010 .030 
AS A PCT OF U.S. -.000 .000 .000 .000 .000 .000 
STAND LOCAL GOVT. 0 .005 .001 .002 .010 .030 
FED. GOVT. CIVI. 0 0 0 0 0 0 
FED. GOVT. MILl. 0 0 0 0 0 0 

FARM EMPLOYMENT 0 0 0 0 0 0 
AS A PCT OF U.S . 0 0 0 0 0 0 

TOTAL WAG&SAL EMP. .105 .034 . 045 .016 .540 .831 
AS A PCT OF U.S. .000 .000 .000 .000 •. 000 .001 

POPULATION 0 .077 .024 .032 . 011 .366 
AS A PCT OF U.S. 0 .000 .000 .000 .000 .000 
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. .,! SOLID WASTE RULES, SIMULATION FORECAST +CONSOLIDATION 
.tq:: 
··.j 

EMPLOYMENT TABLE (IN THOUSANDS OF JOBS) t~·•: 

f "·~·· 
t~·l: 1990 1991 1992 1993 1994 1995 
0~1: 

MANUFACTURING -.176 -.202 -.218 -.224 -.225 -.217 
C>: AS .A PCT OF U.S. -.001 -.001 -.001 -.001 -.001 -.001 
~:;-'r OURABLES -.131 -.152 -.164 -.167 -.169 -.163 

• .. NONDURABLES -.045 -. 050 -. 054 . -.056 -.055 -. 054 
(d. 
c·,. 

NON-MANUFACTURING .674 ·.524 .413 .311 .210 .176 .;, 
... 

AS A PCT OF U.S. .001 .001 .001 .000 .000 .000 " r··.r 
~j: MINING .000 .000 .000 .000 .000 .000 
( .. "; CONSTRUCT! ON .198 .170 .148 .139 .087 . 080 
c:~: TRANSPORT + PUB UT .074 .063 .054 .050 .036 .032 

FINANCE, INS,+ RE .432 .360 .300 .215 .198 .181 ' 
RETAIL TRADE .- .116 -.112 -.114 -.113 -.108 -.108 
WHOLESALE TRADE -.011 -. 014 -. 017 -.018 -.022 -.022 
SERVICES .097 . 056 .042 .038 .020 . 013 
AGRI/FOR/FISH .000 -.000 -.000 -.000 -.000 -.000 ., 

TOTAL GOVERNMENT .042 .029 .021 .015 .010 .005 ., 
AS A PCT OF U.S. .000 .000 .000 .000 .000 .000 
STAND LOCAL GOVT. .042 .029 .021 .015 .010 .005 
FED. GOVT. CIVI. 0 0 0 0 0 0 

I 

FED .. GOVT. MI LI . 0 0 0 0 0 0 

FARM EMPLOYMENT 0 0 0 0 0 0 '~ AS A PCT OF U.S. 0 0 0 0 0 0 ~--
TOTAL WAG&SAL EMP. . 540 . 351 .215 .102 -. 004 -.036 

AS A P CT OF U . S . .000 .000 .000 .000 -.000 -.000 , 
POPULATION .553 .355 . 229 .139 .066 -.003 

AS A PCT OF U.S. .000 .000 .000 .000 .000 -.000 



SOLID WASTE RULES, SIMULATION FORECAST + CONSOLIDATION 

PERSONAL INCOME TABLE (IN BILLIONS OF DOLLARS) 

1984 1985 1986 1987 1988 1989 

WAGE AND SAL DISB \, 005 .003 .004 .004 . 022 .032 
PROPRIETORS INCOME .001 .000 .001 .001 .003 . 003 

NON-FARM .001 .000 .001 .001 .003 . 003 
FARM 0 0 0 0 0 0 

OTHER LABOR INCOME .001 .000 .000 .000 .002 .003 

DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE: 

TOT LABOR + PROP INC .006 .004 .005 .005 .027 .039 
AS A PCT OF U.S. .000 .000 .000 .000 .001 .001 
LESS SOC INSR CONT .000 .000 .000 .000 .001 .002 
PLUS RESID .ADJ -.000 -.000 -.000 -.000 -.000 -.000 
PLUS DIV,INT,RENT 0 .000 .000 .000 .000 .001 
PLUS TRANSFER PAY -.000 .000 -.000 .000 -.002 -.002 

PERSONAL INCOME .006 .005 .005 .005 . 024 .036 
AS A PCT OF U.S. .000 .000 .000 .000 . 001 .001 
LESS TAXES .001 .001 .001 .001 .005 .007 

FEDERAL INCOME-+: .001 .000 .ooo· .000 .003 .004 
STATE INCOME .000 .000 .000 .000 . 001 .002 
OTHER TAXES .000 .000 .000 .000 .001 .001 

DISPOSABLE PER. INC. .005 .004 .004 .004 .019 . 030 

' CONSUMER PR INDEX .135 .120 .133 .137 .320 .437 

REAL DIS PER INC-'67 -.005 -.004 -.005 -.005 -.009 -. 011 
AS A PCT OF U.S. -.001 -.000 -.001 -.001 -.OCl -.001 

BREAKDOWN OF LABOR AND PROPRIETOR'S INCOME: 

MANUFACTURING .000 -.001 -.001 -.002 -.001 -.003 
DURABLES .000 -.000 -.001 -.001 -.001 -.002 
NONDURABLES -.000 -.000 -.000 -.001 -.001 -.001 

NON-MANUFACTURING .006 .005 .006 .006 .028 .040 
MINING .000 .000 .000 .000 .000 .000 
CONSTRUCTION . 002 .001 .002 . 002 .014 .012 
TRANSPORT + PUB UT .005 . 004 . 005 .004 . . 006 .006 
FINANCE, INS,+ RE -.000 -.000 -.000 -.000 -.000 .015 
RETAIL TRADE -.001 -.001 -.001 -.001 -.001 -.001 
WHOLESALE TRADE .000 .000 .000 -.000 . 001 .000 
SERVICES -.000 -.000 .001 .000 .008 .007 
AGRI /FOR/FISH .000 .000 .000 .000 .000 .000 

TOTAL GOVERNMENT .000 .000 . 000 .000 .001 .002 
STAND LOCAL GOVT. .000 .000 .000 .000 .001 .002 
FED. GOVT. CIVI. . 000 .000 .000 .000 .000 .000 
FED. GOVT. MILl . 0 0 0 0 0 0 

FARM 0 0 0 0 0 0 
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SOLID WASTE RULES, SIMULATION FORECAST + CONSOLIDATION 

:i'.<J 
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j~·;\ PERSONAL INCOME TABLE (IN BILLIONS OF DOLLARS) 
j-.•'1 

;"·:·,. 1990 1991 1992 1993 1994 . 1995 
• .. ~-: 

WAGE AND SAL DISB .026 .022 . 018 .014 .009 .007 
PROPRIETORS INCOME ~002 .002 .002 . 002 .001 .001 

:· .. , NON-FARM .002 .002 .002 .002 .001 .001 
i."i· FARM 0 0 0 0 0 0 

OTHER LABOR INCOME .002 .001 .001 .000 -.000 -.000 
···~ 

j) 
DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE: .·.•· .. 

!...,',1. 

j .... :, 

('i TOT LABOR + PROP INC .030 .025 .021 .016 .010 . 007 
AS A PCT OF U.S. .001 . 001 .001 .000 .000 .000 
LESS SOC INSR CONT .001 . .001 . 001 .000 -.000 -.000 
PLUS RESID ADJ -.000 -.000 .. -. 000 -.000 -.000 -.000 
PLUS DIV,INT,RENT .002 . 002 .001 .001 .000 -.000 
PLUS TRANSFER PAY .000 .000 .000 .000 .000 .000 

PERSONAL INCOME .032 .026 .021 .017 .010 . 008 
AS A PCT OF U.S. .001 .000 .000 .000 . 000 . 000 . 
LESS TAXES .006 .005 .004 .003 .002 .002 

FEDERAL INCOME+ .003 .003 .002 . 002 . 001 . 001 
STATE INCOME .002 . 001 .001 ,001 .001 .001 
OTHER TAXES .001 .001 ,001 .001 .000 .000 

DISPOSABLE PER. INC. .026 .021 .017 . 014 .008 .006 

CONSUMER PR INDEX .394 .361 . 344 .328 .284 .283 

REAL DIS PER INC-'67 -. 010 -.009 -.009 -.009 -.008 -.008 
AS A PCT OF U.S. -. 001 -.001 -.001 -.001 -.001 -.001 

BREAKDOWN OF LABOR AND PROPRIETOR'S INCOME: 

MANUFACTURING -.006 -. 008 -.009 -. 011 -. 012 -. 013 
DURABLES -.005 -.006 -.007 -.008 -.010 -.010 
NONDURABLES -.001 -. 002 -.002 -.002 -.003 -.003 

NON~MANUFACTURING .034 .030 .028 .025 .020 . 019 
MINING .000 .000 .000 .000 .000 . 000 
CONSTRUCTION .009 .009 .008 .008 . 006 .006 
TRANSPORT + PUB UT .005 .004 .004 .004 .003 . 003 
FINANCE, INS,+ RE .015 .013 .012 .010 .010 .010 
RETAIL TRADE -.001 -.002 -.002 -.002 . -. 002 -.002 
WHOLESALE TRADE -.000 -.000 -.000 -.001 -.001 -.001 
SERVICES .007 . 005 .005 .005 .004 .004 
AGRI/FOR/FISH .000 .000 .000 .000 .000 -.000 

TOTAL GOVERNMENT .003 .003 . 002 .002 .002 .002 
STAND LOCAL GOVT. . 002 . 002 . 002 . 002 . 002 .001 
FED. GOVT. CIVI. .000 .000 .000 .000 .000 .000 
FED. GOVT. MILI. 0 0 0 0 0 0 

FARM 0 0 0 0 0 0 

~ 




