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REMEDIAL INVESTIGATION/ALTERNATIVES REPORT
JOSLYN BROOKLYN CENTER TREATING FACILITY SITE

EXECUTIVE SUMMARY

This report summarizes the results from a remedial investigation of
the site of Joslyn Corporation's former wood treating facility in Brooklyn
Center, Minnesota, and an evaluation of alternative remedial action plans
that could be used to manaze contaminated groundwater and soil identified

at the site.

This report is intended to fulfill the requirements of Task C - Part
VI and Task B - Part VII of Exhibit A, to the May 30, 1985 Response Order
by Consent for the site between the Minnesota Pollution Control Agency and
Joslyn Corporation. The remedial investigation was carried out in
conformance with the January, 1985 Work Plan for the investigation prepared

by Joslyn and approved by the Minnesota Pollution Control Agency.
REMEDIAL INVESTIGATION

The remedial investigation defines the impacts of past facility
operations and waste management practices on public health and the
environment. The investigation involved the placement of 23 monitoring
wells and four deep borings at the site. Exploratory excavations and
shallow borings were used to define the extent and characteristics of
contaminated soil in the waste disposal areas and former operating area on
the site. Several sets of water samples were collected from the
monitoring wells, from an existing well at the site, from two off-site
private wells, and from the Twin Lakes, which is located west of the site.
The water samples and representative samples of the contaminated soil from
the site were analyzed for specific phenolic compounds including
pentachlorophenol, specific polyaromatic hydrocarbon (PAH) compounds which
are primary comstituents of creosote, and copper, chromium and arsenic.
These were the primary contaminants in the wood preservatives used at the

facility.
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Criteria used by the Minnesota Pollution Control Agency to guide the
clean up at other wood treating sites were used to estimate the volume of
contaminated soil that exists at the Joslyn site. Contaminated soil was
defined based on visual appearance and on the results of the analyses of
representative soil samples. It is estimated that 40,000 cubic yards of
contaminated soil is present on the site. Most of the contaminated soil is
located in the vicinity of the former operating area of the facility and
beneath a wastewater disposal pond that was used during the last 15 years

of gsite operations.

Two groundwater aquifers have been identified below the site. The
upper aquifer is a shallow sand located at the ground surface and the lower
aquifer consists of the St. Peter Sandstone, dolomitic formations of the
Prairie du Chien Group and a buried sand and gravel unit that fills a
buried bedrock valley located below the western one-third of the site. The
surface of the saturated zone in the upper aquifer is approximately 10 feet
below the ground surface over most of the site. The saturated thickness of
the upper aquifer is from 38 to 45 feet below the site. Groundwater moves
from west to east through the upper aquifer, from Twin Lakes to the
Mississippi River. The rate of lateral movement in the upper aquifer is

estimated to be 400 to 700 feet per year.

The lower aquifer bencath the eastern two-thirds of the site consists
of the St. Peter Sandstone and dolomitic formations in the Prairie du Chien
Group, along with an overlying thin stratum of gravel. A vertical gradient
of approximately 2~1/2 feet exists from the upper aquifer to the lower
aquifer in the eastern two--thirds of the site. Below this portion of the
site, the upper and lower aquifers are separated by a middle confining
"unit, which consists of several units of silt, sandy clay till, silty clay
and silty sand. The middle confining unit varies from 20 to 60 feet thick
beneath this portion of the site. The vertical movement of water through
the middle confining unit is very slow (estimated at 0.4 to 0.004 féet per
year) due to small pressure difference that exists across the unit and the

low permeability of the unit.

MN-COMP-A 0078152
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The middle confining unit and the St. Peter Sandstone are not present
below the western one-third of the site. It is probable that these units
have been eroded away creating a north/south trending buried bedrock valley
below the western one—third of the site. The buried bedrock valley cuts
through the St. Peter and into the Prairie du Chien bedrock unit. The
middle confining unit and the St. Peter have been replaced with a valley
fill unit consisting of sand and gravel. The vertical rate of movement
through this valley £fill is likely greater than the rate of movement

through the middle confining unit.

The results from the analyses of samples from the monitering wells
placed in the top of the upper sand aquifer show the presence of a plume of
pentachlorophenol and PAH compounds. No metals in excess of EPA drinking
water criteria were detected in the contaminant plume. The plume
originates in the former operating area and in the vicinity of Pond A and
extends in an easterly direction. The plume extends approximately 2,000
feet downgradient of the eastern boundary of the site, although contaminant
concentrations are very low outside of the immediate vicinity of the former

operating and waste disposal areas on the site.

The results from the analysis of samples collected from monitoring
wells screened at the base of the upper aquifer show substantially lower
concentrations of pentachlorophenol and PAH compounds at the base of the
aquifer than are present in the top of the aquifer. The low concentrations
at the base of the upper aquifer show that the plume is primarily confined

to the upper portion of the groundwater system below the site.

The results from the analyses of samples from monitoring wells in the

lower aquifer show that the lower aquifer does not contain detectable

concentrations of pentachlorophenol or significant concentrations of

creosote related compounds.

The monitoring of Twin Lakes indicates that the lake has not been
impacted by the site. Although the lake water containg detectable PAH
compounds, the presence of these compounds at varying concentrations at
several background stations in the lake suggests that they originate from

sources such as motorboat traffic rather than from the site.

iii
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Several private wells are located within the area of shallow
groundwater contamination from the wood treating site. All but two of
these wells are reportedly not used for potable purposes. The two wells
that are used for water supply purposes are reportedly deep and are not

likely influenced by the site.
FEASTIBILITY ASSESSMENT

The purpose of the feasibility assessment is to evaluate the cost and
effectiveness of several technically feasible remedial action plans that
will mitigate existing and potential impacts from the contaminated soil and
groundwater at the site. The first step 1in this portion of ‘the
investigation was to define technologies that are available to control and
treat soil and groundwater contaminated with creosote and pentachlorophenol
compounds. The technically feasible technologies were then combined into
several alternative remedial action plans that were designed to achieve one
of several possible levels of mitigation for the site. The four levels of

mitigation that were used were:

I. SOURCE CONTROL: Remedial action plans at this level of
protection are designed to minimize the further release of

contaminants from the contaminated soil to the saturated zone.

II. SOURCE GROUNDWATER CONTROL: Remedial action plams at this level
of protection are designed to minimize the further release of
contaminants to the saturated zone and minimize the further
migration of contaminated groundwater from the areas of heaviest

soil and groundwater contamination on the site.

III. SITE GROUNDWATER CONTROL: Remedial action plans at this level of
protection are designed to minimize the further migration of

contaminated groundwater from the site.

A total of 9 remedial action plans were evaluated for the site. The

estimated capital, annual and 30-year present worth costs for the various

iv MN-CO
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remedial action plans are summarized in the table at the end of this
summary. The present worth costs are based on a 6 percent net interest

rate and 30 years of operation.

Alternatives I.A. through I.D. are remedial action plans designed to
contain or remove contaminated soil and thereby minimize the further
release of contaminants to the saturated zone. Alternatives I.A. and I.B,
are directed at managing only the contaminated soil above the surface of
the saturated zone, while Alternatives I.C. and I.D. remove or contain all
contaminated soil on the site. Alternative I.A., which involves grading
the site to cover contaminated soil and provide surface drainage, will be
less effective than Alternative I.B., which involves placing a low
permeability cap over the contaminated soil at the site. The capital cost
of the site grading alternative is estimated to be $0.3 million with a
30-year present worth cost of $2.2 million. The estimated capital cost of
the capping alternative is $1.1 million, with an estimated 30-year present
worth cost of $3.1 million. Most of the annual cost of these alternatives
is the routine quarterly groundwater monitoring at the site. The estimated

cost of routine site monitoring is $140,000 per year.

Alternative I1.C., which involves the construction of an on-site vault
for the contaminated soil and Alternative I.D., which involves the on-site
incineration of the contaminated soil, are of equivalent effectiveness.
Both of these alternatives are considered more effective than capping the
contaminated soil. The capital cost of the on-site vault alternative is
estimated to be $3.2 million and the 30-year present worth cost is
estimated to be $5.1 million. The capital cost of the on-site incineration
alternative is estimated to be $10.6 million and the 30-year present worth

cost is estimated to be $12.1 million.

Alternatives II.A., 1II.B., and II.C. are remedial action plans
designed to minimize the further release of contaminants to the saturated
zone and minimize further migration of contaminated groundwater from the
areas of greatest soil and groundwater contamination on the site.
Alternative II.A. involves the construction of a slurry wall around the

former operating area of the facility. The capital cost of this

-

<
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alternative is estimated to be $2.1 million and the 30-year present worth
cost is estimated to be $4.1 million. Alternative II.B. involves placing a
cap over the contaminated soil and constructing a groundwater pump-out
system in the former operating area of the facility. The discharge from
the pump-out system is assumed to be pretreated and discharged to the
sanitary sewer system. The capital cost of this alternative is $1.9
million and the estimated 30-year present worth cost is estimated to be
$7.6 million. A significant portion of the annual operating cost of this
alternative is the cost of pretreatment and disposal of the contaminated
groundwater to the sanitary sewer system. Alternative II.C. involves
placement of all contaminated soil in an on-site vault and the construction
of a groundwater pump—ouf system in the former process area of the
facility. The capital cost of this alternative is estimated to be $3.9
million and the 30-year present worth cost is estimated to be $8.6 million.
This alternative also includes the high annual operating cost associated
with the discharge of pretreated groundwater to the sanitary sewer system.
Alternative 1II.A. is considered to be slightly more effective than
Alternatives II.B. and II.C. due to the anticipated lower rate of vertical

seepage to the lower aquifer under Alternative IIL.A.

Alternatives III.A. and III.B., are remedial action plans designed to
minimize the further migration of contaminated groundwater from the site.
Alternative III.A. involves construction of groundwater pump—out systems in

the area of highest groundwater contamination on the site and at the

downgradient site boundary. The capital cost of this alternative 1is
estimated to be $1.5 million and the 30-~year present worth cost 1is
estimated to be $7.7 million. Alternative III.B. involves containing

contaminated groundwater on-site with a slurry wall that generally follows
the boundary of the site. This slurry wall alternative also includes a
groundwater pump—out system that must pump at a relatively high.rate of
discharge since the slurry wall cannot be keyed into the middle confining
unit along its entire length. The estimated capital cost of this
alternative is $4.5 millioa and the 30-year present worth cost is estimated
to be $10.2 million. Alternatives III.A. and III.B. are considered to be

equally effective at minimizing the further migration of contaminated

groundwater off-site.

| MN-COMAR-P. 0072166
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RECOMMENDATIONS

Data in this investigation show that contamination from the site is
confined to the upper portion of the shallow aquifer and has not impacted
water supply aquifers underlying the site. If not remediated, the
potential exists for the contamination in the shallow groundwater to slowly

migrate into the lower aquifer below the site.

It is recommended that the following measures be taken to mitigate the
current impacts of the site on the shallow groundwater aquifer and reduce

the potential for future impact on the lower aquifer:

|y The principle objective of the remedial action plan at the site
should be to control the future lateral and vertical movement of
‘-———_.___-—

the contaminated groundwater that exists in the former operating

area of the facility.

2) Alternative II.A., which involves construction of a slurry wall
around the former operating area of the site and the excavation
of contaminated soil outside the slurry wall, is the most
cost—effective remedial action plan to meet the remedial action
objective. The next step in implementing a remedial action plan
for the site should be to prepére a detailed design of the slurry

wall containment system.

3) During the 1986 construction season, the water in Pond A should
be drained and discharged to the sanitary sewer system.
Contaminated soil in Pond A should be removed‘and either placed
in the slurry wall containment area {(if that portion of the
remedy is under construction)} or tempbrarily stockpiled on the

site. The Pond A area should then be filled and graded.

4) Residents identified in the well search conducted for this
investigation as still using groundwater for potable supply

purposes should be required to connect to the city water system.

_ MN-COMP-A 0078167
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Consumption of water from private wells is inappropriate in a
highly wurbanized area where the groundwater 1is subject to
contamination from a wide variety of potential contaminant
sources. The Minnesota Plumbing Code, MN. Rules 1984 Section
4715.0310 requires connection to public water distribution
systems for new premises and also for altered, renovated or
replaced plumbing facilities. The principles of the Minnesota
Plumbing Code strongly encourage connection to public water

supply system.

5} Routine groundwater monitoring should be continued at the site.
It is recommended that routine site monitoring consist of the

following during the next 12-month period:

a) quarterly sampling of Wells 10, 112, 121, 122, 123, 124,
125, 126, 301, 307 and the plant well ( &q,_zrﬁ] 233

b) annual sampling of the remaining wells on the site

c) analysis of all samples for the PAH and phenolic compounds
in Table 2 of this report. Analysis of one set of samples

from all wells for the metals in Table 2.

It is also recommended that additional monitoring wells be
constructed southwest of the site to verify that contamination
from the site is not migrating to the southwest toward private
wells in this area that are still being used for potable water
supply purposes, These additional monitoring wells should be
monitored quarterly for representative PAH and phenolic

compounds.,

EXCSUM/316,10
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SUMMARY OF ALTERNATIVE REMEDIAL ACTION COSTS
CAPTTAL, ANNUAL, AND PRESENT WORTH

ESTIMATED COST (% Millions)

Alternative Capital

I. SOURCE CONTROL - Restricts Further
Leaching From Contaminated Soil

I.A. Site Grading $ 0.3
1.B. Cap Contaminated Soil 1.1
I.C. On-8ite Vault 3.2
I.D. On-Site Incineration 10.6

I1. SOURCE AREA CONTROL - Controls
Soil and Groundwater in Vicinity
of Contaminated Soil Areas

I1.A. Slurry Wall Containment 2.1

II.B. Cap and Source Groundwater 1.9
Pump-out System

JI1I.C. On-gite Vault and Source 3.9
Groundwater Pump-out System

III. SITE GROUNDWATER CONTROL - Minimizes
Qff-Site Migration of
Contaminated Groundwater

II1.A. Groundwater Plume Control 1.5
I1TI.B. Groundwater Plume Contain- 4.5
SUMM31610

Annual

0.14
0.14
0.16
0.13

0.17
0.44

0.37

0.54
0.44

-

AN

Neits

Present
Worth

2.2
3.1
5.1
12.1

4.1

8.6

7.7
10.2
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REMEDIAL INVESTIGATION/ALTERNATIVES REPORT
JOSLYN BROOKLYN CENTER WOOD TREATING SITE

SECTION 1
INTRODUCTION

This report summarizes the results from a remedial investigation and
an assessment of potentially feasible remedial action alternatives for the
Joslyn Corporation wood treating site located 1in Brooklyn Center,
Minnesota. The report is intended to satisfy the requirements of Task C,
Part VI and Task B, Part VII of Exhibit A to the May 30, 1985 Response

Order by Consent for the site between the MPCA and Joslyn.

The remedial investigation was conducted according to the January,
1985 work plan titled '"Remedial Investigation Scope of Work, Joslyn Wood
Preserving Site". The work plan was prepared by Barr Engineering Co. for
Joslyn and was approved on February 26, 1985 by the MPCA with several minor

modifications.

The Remedial Investigation portion of this report (Section 2):
1} summarizes the data collected during the remedial investigation,
2) describes the geologic and hydrogeologic settingé of. the site,
3) estimates the volume and characteristics of waste and contaminated soil
at the site, 4) assesses the extent and magnitude of groundwater
contamination, 5) assesses the magnitude and extent of contamination in
Twin Lakes due to the site, 6) defines the locations and condition of
existing private wells in the vicinity of the site, 7) provides information
on the actual or potential public health or environmental impacts from the
site and 8) provides information necessary to evaluate remedial actions
appropriate for the site. Section 2 of the report is intended to provide
the information required by Task C, Section VI of Exhibit A to the May 30,
1985 Response Order.,

Section 3 of the report: 1) identifies several technologies that could

be used to remedy present and potential future impacts from the site and

L NIN-COMP-A 0078V



2) assesses the technologies to determine their feasibility for application
at the site. Section 4 of the report evaluates the most promising remedial
action plans for the site in terms of cost, effectiveness, and
implementation schedule. Sections 3 and 4 are intended to provide the
information required by Task B, Section VII of Exhibit A to the May 30,

1985 Response Order.

The final section of the report (Section 5) provides recommendations
regarding the most cost-effective remedial action plan for the site. This
section also provides recommendations for a program of routine monitoring
at the site for the twelve month period beginning with the fourth quarter

of 1985.

2 . NN-COMP-A 0078172
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REMEDIAL INVESTIGATION
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SECTION 2
REMEDIAL INVESTIGATION

OVERVIEW OF FACILITY OPERATIONS

The Joslyn Corporation wood treating facility was once operated on a
29-acre site in Section 10, T118N, R21W in the City of Brooklyn Center,
Hennepin County, Minnesota. The location of the site on which the wood

treating facility was formerly operated is shown in Figure 1.

Wood treating operations began at the site in the 1920's., Very little
information is available on early operations at the facility. The
facility was originally owned and operafed by Naugle Pole and Tie Company.
The property was purchased in the 1940's by Consolidated Pole Treating
Company, of which Joslyn was a part owner. Joslyn obtained sole ownership
of the property in the early 1960's and operated the facility wuntil

operations ceased in 1980.

Operations at the facility consisted of the treating of poles, posts,
railroad ties, timbers and other wood products with preservatives.
Creosote, pentachlorophenol and water soluble metal salts were used at one
time or another at the site as wood preservatives. A thermal treating
process that primarily used creosote as the treating solution was used
until 1965. The thermal process consisted of dipping poles, ties and other
products in tanks of heated wood preservative. Pentachlorophenol was also
used as a wood preservative in the thermal process during the early
1960's.

Several areas on the site were apparently used to dispose of boiler
blowdown water and sludge generated by the cleaning of the storage, reclaim
and thermal treating tanks. Two waste disposal ponds, referred to in site
investigations as Ponds B and C, were apparently used to dispose of boiler
blow down water prior to about 1965. The locations of these two disposal

areas are shown in Figure 2.

* MN-COMP-A 0078174
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In 1965, the thermal treating process at the facility was converted to
a pressure treating process. The pressure treating process primarily used
pentachlorophenol and soluble metal salts (copper, chromium, and arsenic)
as the treating solutions. Creosote was also used for a brief period ia
the early years of the pra2ssure treating process, The locations of the
storage tanks, working tanks, thermal treating tanks, pressure cylinders
and other facilities on the site as identified from a 1975 aerial

photograph are shown in Figure 2.

From 1965 until the facility was closed in September 1980, wastewater
from the pressure treating cylinders drained to a reclaim system located in
the building immediately west of the cylinders. From the reclaim system,
the wastewater was pumped through a series of baffles and skimmers to a
disposal pond (called Pond A in site investigations), located as shown in
Figure 2. Pond A was constructed to accommodate the larger volumes of
wastewater generated by the pressure treating c¢ylinders. 0il and wood
preservatives recovered by the reclaim system were reused in the pressure
treating cylinders. A 1976 report prepared for Joslyn by SERCO
Laboratories estimated that the inflow to Pond A averaged 219,000 gallons

per year at the time of their investigation.

Results from interviews with former facility employees indicated that
sludge from the cleaning of process tanks, storage tanks, thermal treating
tanks, and treating cylinders was disposed of at several locations on the
site. Spills of wood treating solutions reportedly occurred at the site in

the late 1950's or early 1960's and again in 1968.

From 1976 until the facility closed in 1980, sludge generated by tank
and cylinder cleaning was shipped to out-of-state hazardous waste disposal
facilities. Following the end of facility operations, the treating tanks

were removed and MPCA approval was obtained to fill the excavations.

In December 1981, approximately 30,000 gallons of wood treating
solution were removed from the facility and shipped out of state.
Approximately 6,500 gallons of sludge was shipped to a hazardous waste

disposal faecility in Texas in May, 1982.
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The site has been leased to another company that uses the site for the

temporary storage and distribution of lumber products.

Sand fill was apparently placed over much of the site during
construction and/or operation of the wood treating facility. The western
limits of the fill are shown in Figure 2, A 2-foot contour interval
topographic map developed from an April, 1980 aerial photograph of the site

is shown in Figure 3.
CHARACTERISTICS OF WOOD PRESERVATIVES

The following paragraphs provide general information about the nature

of the wood preservatives used at the Joslyn wood treating facility.
PENTACHLOROPHENOL

Pentachlorophenol is a synthetic organic compound with a melting point
of approximately 190 C. Pentachlorophenol 1is thus a solid at normal
temperatures unless dissolved in a solvent. It has a relatively low vapor
pressure at ambient temperatures and significant quantities of
pentachlorophenol will not volatilize under normal conditions.
Pentachlorophenol is a weak acid and its water solubility is strongly pH
dependent. Under normal pH conditions (pH 6 to 8) the solubility of
pentachlorophenol in water is in the range of 10 to 1,000 milligrams per
liter (mg/L). Because it is an acid, the solubility of pentachlorophenol
increases with increasing pH. The recently published EPA proposed
recommended maximum contaminant level (RMCL) for drinking water for
pentachlorophenol of 0.22 mg/L is based on its chronic toxicity. This
proposed RMCL is lower than the drinking water criteria formerly used by
EP4, which was 1.0l mg/L. The EPA also indicates (November 28, 1980
Federal Register) that acute and chronic tokicity to freshwater aquatic
life occurs at concentrations as low as 0.055 and 0,003 mg/L, respectively.
The MPCA has used a pentachlorophenol chronic toxicity level of 0.008 mg/L

in the past.
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Pentachlorophenol must be dissolved in a ligquid carrier solvent to be
used in wood preserving. The liquid carrier solvent is usually a petroleum
based solvent, such as No. 2 fuel oil. Fuel oil is less dense than water
and pentachlorophenol has a density greater than water. The density of a
pentachlorophenol/fuel oil mixture will depend on the concentration of the
pentachlorophenol in the oil. In most instances, a pentachlorophenol/fuel

0il mixture will be lighter than water.

Recently available information from the EPA and from pentachlorophenol
manufacturers indicates that commercially manufactured pentachlorophencl
used for wood ©preserving —contains hexa, Thepta and octachloro-
dibenzo-p-dioxins. The concentrations of these dioxin compounds in the
pentachlorophenol treating solution depend on the manufacturer of the
pentachlorophenol and the time that the pentachlorophenol was
manufactured. Although these dioxin compounds are much less toxic than
tetrachlorodibenzo-p-dioxin, their presence must be considered when

developing a remedial action plan for the site.
CREOSOTE

Creosote is a product of coal tar distillation and is a complex
mixture of organic compounds. Most of the 200 or more compounds 1in
creosote are polynuclear avomatic hydrocarbon (PAH) compounds. Polynuclear
aromatic hydrocarbons are a class of organic compounds made up of a series
of two or more fused carbon rings. Only a limited number of PAH compounds
(less than 20) are typically preseant in creosote at concentfations greater

than 1 percent.

The major components of creosote are shown in Table 1. The
composition of creosote varies from manufacturer to manufacturer and from
time to time from the same manufacturer due to wvariations in the
composition of the coal tar used in the manufacturing process. Also
present in lesser quantities in creosote are nitrogen, sulfur and oxygen
heterocyclic compounds. This class of organic compounds is similar to the

class of PAH compounds, except that there is a non-carbon atom (nitrogen,
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sulfur or oxygen) within one of more of the ring structures. Creosote 1is
heavier than water and spilled creosote reaching the groundwater in high

concentrations will sink.

The water solubility of the PAH compounds in creosote ranges from the
low microgram per liter (ug/L) level for the five and six member ring
compounds to the low milligram per liter (mg/L) level for the two member

ring compounds.

With a boiling point of 218°C, the PAH compound naphthalene can be
considered to be slightly volatile. Other PAH compounds are less volatile

than naphthalene because of their higher boiling points.

The EPA drinking water level for PAH compounds is based on the
potentially carcinogenic nature of certain PAH compounds. The MPCA has
informally developed drinking water levels for potentially carcinogenic and
non—-carcinogenic PAH and Theterocyeclic compounds. The potentially
carcinogeniec and non-carcinogenic PAH and heteroccyclic compounds used by
the MPCA to implement the informal drinking water levels are shown in List
1 and List 2 in Table 2. The informal MPCA drinking water level for the
potentially carcinogenic PAH and heterocyclic compounds is that the sum of
the concentrations of the PAH aand heterocyclic compounds in List 1 of Table
2 must not exceed .028 ug/L. The informal MPCA drinking water level for
non-carcinogenic PAH and heterocyclic compounds is that the sum of the
concentrations of the PAH and heterocyclic compounds in List 2 of Table 2

must not exceed 0.30 ug/L.

The MPCA has also applied informally developed water quality (aquatic
life) levels to reéulate the discharge of PAH compounds to surface waters.
The water quality level that has been applied most consistently in the past
by the MPCA is that the sum of the concentrations of the List 1 compounds
in Table 2 must not exceed 0.311 ug/L. The water quality levels that have
been applied in the past for other compounds depend on.such characteristics
of the receiving water as the 10-year frequency low flow, the amount of

mixing that is anticipated, and the use of the receiving water.
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METAL SALTS

A mixture of copper chromate and copper arsenate salts was also used
as a wood preservative at the facility. These salts are water soluble and
were mixed with water to make the wood treating solution. The chemical
characteristics of the copper cation and the arsenate and chromate anions

are described in the following paragraphs.

Copper

Copper is a metal with an average atomic weight of 63.5, The EPA
secondary maximum contaminant level (drinking water criterion) for copper
is 1.0 mg/L (40CFR 143 - July 19, 1979 Federal Register) and the recently
published EPA proposed RMCL for copper is 1.3 mg/L. As is true with most
heavy metal cations, the most important attenuation mechanisms for copper
are adsorption, ion exchange and chemical precipitation. Copper has two
potential valence states, +l and +2. The +2 valence state is the most
common in the environment and is the valence state of copper in the wood
preservative once used at the facility. Copper will be removed £rom
groundwater by adsorption as the groundwater contacts clay particles in the
soil. Attenuation studies indicate that copper removal will vary with
clay type and that pH is the most important factor controlling removal with
a given adsorbant. Adsorbtion at a pH below 5 is negligible but increases
to a maximum at pH 6 or 7 and decreases at a pH of 8 and above. It is
generally believed that the amount of copper that will be removed from
solution is related to, but less than, the cation exchange capacity of the

¢lay minerals in the soil.
Chromium

Chromium is a transition metal with an average atomic weight of 52.

Common aqueous forms include the +3 and +6 oxidation states. In the
. -2 . L . . L

chromate anion (CrO4 ), chromium is in the +6 oxidation state. This 1is

the anion in the wood preservative once used at the site. The EPA primary

f - - e ————
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drinking water standard for chromium is 0.05 mg/L. The recently published

EPA-~proposed RMCL for chromium is 0.12 mg/L.

Adsorption, chemical precipitation and reduction-oxidation changes are
the key mechanisms for chromium removal in soil systems, with the
importance of each mechanism dependent on the form of the chromium. The
oxidized chromium ion is hexavalent (Cr,+6) and is anionic (CrO4 -2 or
CR207,_2) in form. The reduced chromium ion (Cr,+3) is cationic in’form.
Very little has been published about the chemistry of chromium in soils,
although the dominant species appears to be Cr,+3. Chromium removal by a
combination of adsorption and precipitation will effectively attenuate the
migration of Cr,+3 in soil systems. At pH exceeding 6, migration will be
controlled by precipitation as an oxide, carbonate or sulfide. Soil
material that will contribute to attenuation of chromium includes organic
matter, clay minerals, and hydrous metal oxides. More rapid tramnsport can
be expected in coarse-textured soils than in fine~textured soils because of
the larger pores, faster movement of water and smaller amounts of clay

minerals.
Arsenic

Arsenic has an average atomic weight of 75. The EPA primary drinking
water standard for arsenic is 0.05 mg/L and the EPA-proposed RMCL is also
0.05 mg/L. Arsenic most commonly exists in either the +3 or +5 oxidation
states in the environment. The most important mechanism for the
attenuation of arsenic in soils is adsorption on soil colloids, including
clay and hydrous metal oxides. At the low concentrations normally found in
leachates from waste disposal sites and other aqueous waste streams,
chemical precipitation of arsenic 1is unlikely, except perhaps as an
impurity in a phosphorus precipitate. In aqueous systems, arsenic 1is
available in the anionic forms of arsenate (AsOA,_3), with oxidized arsenic
(As,+5) or as arsenite. Where reducing conditions prevail as a result of
poor drainage and/or microbial activity, arsenate will be reduced to
arsenite. A return to oxidizing conditions can result in reconversion of
arsenite to arsenate through biological oxidation. It is likely that the

.. . . . . +5
principal removal mechanism for arsenic is anion exchange, both for As,
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as HZASOA,

probably be most effective in reducing arsenate and arsenite

and for wvarious arsenite species. Fine-grained soils will
concentrations, due to their larger clay mineral content.

OYVERVIEW OF GEOLOGIC SETTING
BEDROCK GEOLOGY

Bedrock geology in the general vicinity of the site has been mapped by
Schwartz (1936), Payne (1965), and Bloomgren (1985). A general west to
east geologic cross section extending from Twin Lakes on the west to the
Mississippi River on the cast is shown in Figure 4. This cross section
illustrates the relative position of the various bedrock and surficial
geologic units discussed in this report. The location of the cross section

is ghown in Figure 5.

The uppermost bedrock unit beneath the Joslyn site is the St. Peter
Formation, a fine to medium grained sandstone with basal shale beds. The

St. Peter can be up to 160 feet thick in the area. Bemeath the St. Peter

is the Prairie du Chien Group, which is made up of the Shakopee Formation,
a sandy dolomite underlain by a basal sandstone, and the Oneota Formation,

a finely crystalline dolomite. The Prairie du Chien Group ranges from

about . 125 to 140 feet in thickness in the Twin Cities metropolitan area.

The Jordan Sandstone Formation, an 80 to 100-foot thick medium grained

sandstone, underlies the Prairie du Chien Group. Together, the Prairie du
Chien and the Jordan Sandstone form an important aquifer in the
metropolitan area. The St. Lawrence Formation is present below the Jordan
Sandstone. The St. Lawrence Formation is a ‘dolomitic siltstone and
sandstone and is considered to be an aquitard which separates groundwater
flow in the Jordan and overlying aquifers from groundwater flow in the

underlying units.

Erosion of the bedrock surface has reduced the thickness of the 5t.
Peter Sandstone in the vicinity of the Joslyn site. Up to 80 feet of
relief on the bedrock surface is indicated by well logs in the area,

primarily in the form of narrow, steep-sided buried bedrock valleys

10 o -
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(Bloomgren, 1985). There seem to be three buried bedrock valleys in the
vicinity of the Joslyn site. The 1aréest valley trends
north-northwest/south-southeast beneath the western portion of the site and
underlies Twin and Crystal Lakes. Smaller buried bedrock valleys, one west
of Twin Lakes trending southeast/northwest, and the other east of Brooklyn
Boulevard, trending north/south, probably join the larger valley. The
inferred locations of these bedrock valleys are described in detail in the
October, 1981 report entitled "Groundwater Investigation - Brooklyn Center
Facility" prepared for Joslyn by Barr Engineering Co. (Barr Engineering
Co., 198la).

The potentiometric suxrface in the St. Peter Sandstone slopes to the

east in the area indicating that groundwater movement in this aquifer is

toward the Mississippi River. The direction of groundwater movement 1is

similar in the Prairie Du Chien Group, with the potentiometric surface
approximately at Elevation 850 MSL directly west of Twin Lakes and
decreasing to Elevation 800 MSL at the Mississippi River (Norvitch, et al.,

1972). The Mississippi River acts as the regional discharge point for

groundwater in both the St. Peter and Prairie Du Chien bedrock units.

GLACIAL GEOLOGY

Up to 150 feet of glacial overburden overlies bedrock in the vicinity
of the gite (Norvitch, et al., 1972). The overburden is up to 200 feet
thick in some of the buried bedrock valleys. The glacial overburden was
deposited during and shortly after the late Wisconsin stage advances of the
Superior Lobe and Grantsburg Sublobe of the Laurentide Ice Sheet. The
glacial geologic setting of the area between the site and the Mississippi

River is also described in the October, 1981 report.

McBride (1974) developed a groundwater flow model for the area between
Twin Lakes and the Mississippi River. McBride identified the following
three glacial units above bedrock in the area: 1) Mississippi River valley
train outwash, 2) Grantsburg Sublobe till, and 3) proglacial lacustrine
deposits. McBride described the outwash, which is the uppermost of these
units, as a well sorted, medium to coarse grained sand averaging about 40

feet in thickness. The sand forms the upper aquifer in the area, including
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the Joslyn site. A pumping test conducted by McBride (1974) 1indicated
that the permeability coefficient of the sand was 2x10—1 cm/sec, but this
was thought to be greater than the permeability coefficient of the sand

unit on a regional basis. The water table in_the upper sand aquifer slopes

eastward towards the Mississippi River, with an average gradient of about

e

50 feet in 2.5 miles (3.8 x 10 3 feet/foot). The Mississippi River acts
) . .003% £ - )

as the regional discharge point for groundwater flow in the upper sand

aquifer.

The upper sand aquifer was thought to rest predominantly on clay till
(Grantsburg Sublobe till) which is locally sandy or interbedded with sand
and gravel. McBride estimated a hydraulic conductivity of 3x10—7 cm/sec
for this till. Laminated lacustrine silt lies beneath the till in lows in
the bedrock surface, and acts as a further confining layer in local areas.
The till and lacustrine silt were absent in some of the well logs McBride
used to define the area geology, and in those areas the upper sand aquifer
was concluded to be in direct contact with subcropping St. Peter

Sandstone.

Barr Engineering (1980) conducted a groundwater and soil contamination

investigation at the site of a chemical fire at the Howe, Inc. faecility

located approximately 1/2 mile east of the Joslyn site. Borings placed as

part of that investigation indicated that the upper sand aquifer is

underlain in part by clay which is possibly till, and also contains
_—"—'_'——'_-"_"-"--—.—___ a—

inclusions of organic soil and lacustrine clay.

DATA COLLECTION ACTIVITIES

Data collection activities for the remedial investigation at the
Joslyn site consisted of a waste and contaminated soil investigation, a
groundwater investigation, and a surface water investigation. Two Barr
Engineering Co. reports previously prepared for Joslvn -- the October, 1981
Groundwater Investigation referenced earlier, and a December, 1981 study
entitled "Hazardous Waste Investigation - Disposal Sites A, B, and C -
Brooklyn Center Facility" (Barr Engineering Co., 198lb) ~-- also provided

data for the remedial investigatiom.
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The investigation of waste and contaminated soil consisted of:

) Interpretation of aerial photographs

. Review of past site maps

® Exploration excavations

® Shallow soil borings

. Analysis of representative waste and contaminated soil
samples

The groundwater investigation consisted of:

. Review of existing groundwater and geologic information

e Placement of deep borings and bedrock corings

] Installation of shallow and deeper monitoring wells

° Collection and analysis of samples from the monitoring
wells

. Video, gamma, and magnetic logging of the water supply well

used during operations at the site

. Testing and sampling of the plant well

] Sampling of two private bedrock wells

. Permeability testing of representative soil samples
] Water level measurements

. Off-site well search

The surface water investigation consisted of the collection and

analysis of water samples from Twin Lakes.
WASTE AND CONTAMINATED SOIL INVESTIGATION

Aerial photographs of the vicinity of the treating facility site were
reviewed to establish a historical record of the locations of operating
ares, possible waste disposal areas, and areas of visibly discolored
surface soil. Aerial photographs of the facility taken in 1951, 1962,
1965, 1967, and 1980 were located and reviewed. Site maps of the treating

facility that were available from Joslyn were used to help identify the
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locations of process and disposal areas at the site. Discussions with
former site operating personnel were also used to help verify the locatiouns

of these areas.

Exploratory Excavations

Exploratory excavations have been placed at the treating facility site
at two different times to help define the 1locations, extent and
characteristics of waste and contaminated soll at the site. All of the

exploratory excavations were placed with a tractor-mounted backhoe.

In September, 1982, a total of 18 test excavations were placed in
Areas 1, 3, 4, 5, 6, 7, 8, and 9 shown in Figure 6. The area designations
are the same as those used by the MPCA staff in an October 2, 1981 letter
to Joslyn. Placement of these excavations was observed by the MPCA staff
and their observations are summarized in an October 13, 1982 MPCA

memorandum.

The results from the September, 1982 exploratory excavations were used
along with the aeriallphotographs and other available site information to
locate an additional 40 exploratory excavations in the vicinity of known or
suspected waste disposal areas, spill areas, process areas, and areas of
discolored soil. These excavations were placed in December, 1984 and were
also observed by the MPCA staff. The locations of the December, 1984
exploratory excavations are shown in Figure 6 and logs of the excavations

are in Appendix A-l.

The December, 1984 exploratory excavations ranged up to 10 feet deep
and were at least 3 feet wide. Observations were made of the color,
texture, odor and oil content of the encountered soils. Samples were
collected from the walls of the excavations and representative samples were
analyzed for the PAH and phenolic compounds in Table 2. Descriptionms of
the samples submitted for chemical analysis and the results from the
analysis of the samples are in Table 3. The sampling locations within the
various exploratory excavations are shown on the exploratory excavation

logs in Appendix A-1.
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Several PAH and heterocyclic compounds were present in the visibly
contaminated scil samples. Pentachlorophenol was the only phenolic
compound that was detected. As shown in Table 3, a generaily good
correlation was obtained between the PAH and pentachlorophenol
concentrations in the soil and the visual estimate of the oil content in
the soil. The visible appearance of the oil content of the soil is thus a

useful indicator of the magnitude of soil contamination at the site.

Shallow Soil Borings

In May, June and July of 1981, 10 core samples were collected from the
bottom sediment in Pond A. The sampling locations are shown in Figure 6.
The core samples were obtained by driving a 3-foot long, 3-inch diameter
thin wall sampler a distance of 3 feet into the bottom sediment. The cores
were used to estimate the volume of sludge and contaminated soil in Pond A.
Samples from the cores were used for aquatic and oral toxicity testing to
help determine if any of the bottom sediment was a hazardous waste under
the MPCA hazardous waste rules applicable at the time of that
investigation. Samples of the cores were also analyzed for arsenic and
chromium and were subjected to leaching tests, with the leachate analyzed
for arsenic and chromium. Three samples from the cores were also analyzed
for pentachlorophenol and the broad group of phenolic compounds measured by
the &4-aminoantipyrene (4-AAP) method. The results from the 1981 Pond A
sediment testing program are described in Barr Engineering Co. (1981b).
The testing identified approximately 800 cubic yards of bottom sediment in
Pond A that would have been classified as a hazardous waste under the MPCA

hazardous waste rules applicable at the time of the investigation.

In July, 1981, four borings were placed in former Ponds B and C. The
locations of these borings are also shown in Figure 6. The borings were
placed to a depth of 20 feet and soil samples were collected at about
2-foot intervals. One boring (Boring B-1) was placed in Pond B and three
borings (Borings C-1, C-2 and C-3) were placed in Pond C. Samples from the
6-to 8-foot and 8~to 10-foot depths in Pond B and the surface samples and

gamples from the 4-to 6-foot and 6-to 8-foot depths in Pond C were analyzed
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for oral and aquatic toxicity and for chromium and arsenic. The results
from the analyses of these samples are also discussed in Barr Engineering
Co. (1981b). The results of this) investigation showed virtually no
detectable arsenic and only very low (less than 40 parts per million)
concentrations of chromium in the soil samples from the borings placed in
Pond C, with only slightly higher concentrations in the sample from the
2-foot depth in Pond B. The Barr Engingering Co. report concluded that
Ponds B and C contained no hazardous waste under the MPCA rules applicable

at the time of the investigation.

In February, 1985, two borings were placed in Areas 5 and 6 of the
site to help determine the vertical extent of contaminated soil at these
locations. The locations of these borings are shown in Figure 6. Boring
PB-4 was placed adjacent to Exploratory Excavation TP34 and Boring PB-5 was
placed adjacent to Exploratory Excavation TPll. Samples were collected at
2 1/2 foot intervals to a depth of 5 feet below any visibly contaminated
soil. Representative samples from the borings were analyzed for the PAH and
phenolic compounds in Table 2 and the results of these analyses are in
Table 3. Boring logs and the drilling report for the borings are in

Appendices A-2 and A-3, respectively.

Analyses of the samplas from the exploratory excavations and shallow
borings showed that the highest concentrations of wood treating chemicals
were found in soils from the former process area (Area 6) of the site, Pond
A, and from other waste disposal an& spill areas that have been identified
at the site (Areas 4 and 8). The largest volumes of contaminated soil are

located beneath the former process area and Pond A.

Pond A Water

L]

Pond A, which was the last disposal area used at the site, still
contains about 10,000 to 20,000 gallons of water. This is probably the
result of precipitation on the surface of the pond and the low permeability
of the bottom sediment. The limit and thus the volume of the water in the
pond expands and contracts during the year as a result of precipitation and

evaporation. Samples of the water in Pond A were collected in January,
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1985. A l-gallon sample was collected of the ice that had formed on Pond A
and a sample was collected of the water beneath the ice. Approximately 18
inches of ice and &4 inches of water were present in Pond A at the time the
samples were collected. Both samples were analyzed for the metals in
Table 2 and the liquid sample was also analyzed for the PAH/heterocyclic
and phenolic compounds in Table 2. Results of the analyses of the ice and
water samples from Pond A are in Table 4. The results suggest that
freezing of the water in the pond caused a concentration of the organics in

the liquid phase.
GROUNDWATER INVESTIGATION

The investigation of groundwater conditions at the Joslyn site began
in 1979. The Barr Engineering Co. (198la) report summarizes the results
from the groundwater investigation through August, 198l. Additional upper
aquifer and lower aquifer monitoring wells were placed during 1984 and
1985. The well construction data for all monitoring wells now-at the site
are in Table 5. Well logs and drilling reports for the wells placed in

1984 and 1985 are in Appendices A-2 and A~3, respectively.

Shallow Monitoring Wells

Nine shallow monitoring wells were placed at the treating facility
site during 1978-1981. These wells are designated Wells ! through 7, 9,
and 10 and their locations are shown in Figure 7. These wells were a
"mixed bag" of plastic, stainless steel, screen lengths and diameters.
Several of these wells were damaged or destroyed by late 1984. Wells 1 and
4 appeared to have been accidentally pulled from the ground and destroyed
by equipment at the site. These wells were réplaced by Wells 101 and 104,
located as shown in Figure 7. Well 3 was damaged by equipment at the site
and abandoned by grouting with neat cement in December, 1984. Well 3 was
located adjacent to Well 9 and was not replaced. Wells 2, 5-7, 9, and 10
were used in the remedial investigation described in this report. Well 2
has of a 3-foot long 2-inch diameter ABS plastic screen and riser. Wells 5
and 7 have 5-foot long 2-inch diameter stainless steel screens with

galvanized steel riser pipe. Well 6 has a 5-foot long stainless steel
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screen and a PVC riser pipe. Wells 9 and 10 have 10-foot long &4-inch
diameter galvanized steel screens and galvanized steel riser pipe. The

screens of wells extend only a short distance into the saturated zone.

Five new shallow monitoring wells were installed on the site in 1985'<L_
The new shallow wells are identified as Wells 101, 104, 11}, 112, and 113
and their locations are shown in Figure 7. As described previously, Wells
101 and 104 replaced wells that had been destroyed. Each shallow well
placed in 1985 has a 2-inch diameter 10-foot long, #10 slot stainless
steel screen set 7 to 8 feet into the saturated zone. The wells have
stainless steel riser pipes. The new wells were installed using a hollow
stem auger. Attempts were made to develop the wells by pumping with a
centrifugal pump until they produced clear water but the fine sand in the

upper aquifer made this impractical in some cases.

ix shallow monitoring wells were placed downgradient (east) of the
site in 1985. These are identified as Wells 121, 122, 123, 124, 125, and
126 in Figure 7. The design and construction of the off-site shaiiow
monitoring wells was identical to the design and construction of the new
on-site shallow wells placed in 1985. Well logs and drilling reports for

the wells placed in 1985 are in Appendices A-2 and A-3.

The shallow monitoring wells were used io: 1) provide water level data
necessary to define groundwater gradients and flow directions in the upper
portion of the upper aquifer and 2) allow for the collection of groundwater
samples to define the quality of groundwater in the upper portion of the

upper aquifer.

Deep Borings

Three deep borings have been placed on-site. The locations of the deep
borings are shown in Figure 7. These borings were placed to obtain
information on the locations and characteristics of the glacial units
beneath the site. Borings PB-1 and PB-2 were placed as pilot borings for
deeper wells at these locations. Boring PB-3 was used to define the

stratigraphy of the glacial units in the area southeast of Pond A. The
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drilling log and soil samples collected from the borehole used to place the
lower aquifer piezometer (Well 8) during the investigation of the site
summarized in the Barr Engineering Co. (198la) report were also used to

define the stratigraphy of the glacial units below the site.

‘The deep borings were placed using a hollow stem auger and tricone mud
rotary methods and samples were collected at 5-foot intervals. Wire line
coring was used in Boring PB-2 to obtain core samples of the bedrock.
Boring 1logs and drilling reports for the deep borings are also in

Appendices A-2 and A-3.

Mid-Depth Monitoring Wells

Monitoring wells with screens located at the base of the upper sand
aquifer were installed at the site in 198S5. In most cases, these
"mid-depth" wells were placed near shallow monitoring wells to establish a
vertical profile of observation points in the upper aquifer. These wells

were used to investigate the presence of a contaminant plume with a density

greater than the density of_water. Such a contaminant plume could sink
-__._—-_.'_-—'

through the upper aquifer and concentrate above the uppermost confining

unit below the site.

Each mid-depth well is identified in Figure 7 by a three-digit number,
beginning with the number 2. Wells 206, 207 and 209 were installed at the
base of the upper aquifer using a hollow stem auger. Each of these wells
is constructed of a 2-inch diameter, 5-foot long, #10 slot stainless steel
screen and 2~inch diameter stainless steel riser pipe. Well 201 was

installed at the base of the upper aquifer but no confining unit was

identified at this location. This well was installed using cable tool and
is constructed of a 3 1/2-inch diameter, 10-foot long, #10 slot galvanized
steel screen and 4-inch diameter steel riser pipe. Well 201 also has
8-inch and 12-inch diameter outer casings which were used to minimize the
potential for the downward migration of surface contaminants during well
installation. Well 20l was developed by pumping with a submersible pump

until it yielded clear water. Because Wells 206, 207 and 209 had static
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water levels near the suction limit of the pump, they were developed by
bailing and pumping with a piston pump. Well logs and drilling reports for

the mid-depth wells are in Appendices A-2 and A-3.

Deep Monitoring Wells

Two deep monitoring wells were placed at the site during the remedial
investigation. The locations of these wells (Wells 301 and 307) are shown
in Figure 7. Well 301 is screened in the valley fill sand just above
Prairie du Chien bedrock in the northwestern portion of the site. Well 307
is screened in the upper portion of the St.. Peter Sandstone in the
southwestern portion of the site. Each deep monitoring well was installed
by cable tool and consists of a 3 1/2-inch diameter galvanized steel screen
and 4-inch diameter steel riser pipe. Well 301 has a 20-foot long, #10
slot screen. Because of drilling difficulties, Well 307 has approximately
5 feet of #6 slot screen exposed. An 8-inch diameter and a 14-inch
diameter outer casings were used in both wells to minimize the potential
for contamination during well installation. Well logs and drilling reports
for Wells 301 and 307 are in Appendices A-2 and A-3. The deep wells were
developed by pumping with a submersible pump and by jetting until they

yielded clear water.

The well located on the Joslyn site that was once used for plant
operations is open to the St. Peter Sandstone from Elevation 741 to
Elevation 712 and to the Prairie du Chien from Elevation 712 to Elevation
672. The location of the plant well is shown in Figure 7, and is referred
to in this investigation as Well 300. The plant well was video and gamma
logged in December, 1984. The well was found to be constructed of 10-inch
diameter steel casing to Elevation 738. A 9 7/8-inch diameter or larger
open borehole extends from the bottom of the casing through the 5t. Peter
Sandstone and into the Prairie du Chien to Elevation 672. The original log
for the plant well shows an open hole in the Prairie du Chien Group to
Elevation 580. The video log showed that the plant well contains part of a
vertical turbine pump and is sediment filled below Elevation 672 (Appendix
A-3). In April, 1985, a 5-foot long inflatable packer was installed
between Elevations 720 and 725 in the plant well. This elevation interval

_— T

20

 MN-COMP-A 0078191



is a shale zone near the base of the St. Peter Sandstone. Water levels
were measured above the packer and water samples were collected above and

below the packer.

The groundwater investigation summarized in the Barr Engineering Co.
(1981a) report included the installation of a piezometer into the St. Peter
Sandstone on the site. This piezometer, shown as Well 8 in Figure 7, was
damaged by equipment on the site and was abandoned by grouting with neat

cement in December, 1984.

Water Level Measurements

The water levels in the monitoring wells and in the plant well were
measured prior to sample coallection in the fourth quarter of 1984 and first
and second quarters of 1985. During the second quarter of 1983, water
levels were also measured in several pump~out and monitoring wells that
were once used in the investigation and subsequent remedial action at the
gite of the Howe, Inc. fire. These wells (P01, P02, P03, P12, and P23) are
located about 1/2 mile east of the Joslyn site, as shown in Figure 7. The
water level was also measured in the packed-off St. Peter portion of the
plant well before pumping began. Due to an equipment malfunction, the
static water level could not be measured in the packed-off Prairie du Chien

portion of‘the well,

Permeability Measurements

The permeability coeificients of soil samples from the upper sand
aquifer and underlying confining units were measured using laboratory
tests. The grain size distributions of samples of the valley fill sand and
sandstone residuum were also determined from samples collected from the
deep borings and the permeability coefficients of thesa samples were
estimated wusing Hazen's approximation. The estimated permeability
coefficients for the geologic units underlying the site are gummarized in
Table 7. The supporting grain size distributions and laboratory

permeability results are in Appendix A-4.
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A pumping test was performed in April, 1985 in the packed-off St.
Peter Sandstone portion of the plant well to define the aquifer
characteristics of the St., Peter. The aquifer characteristics calculated
from this pumping test are also shown in Table 7 and the pumping test

procedure is described in Appendix A-4.

Water Sample Collection and Analysis

Samples collected from Wells 1 through 7, 9 and 10 during the period
1979 through 1981 were analyzed for a representative number of PAH
compounds using HPLC (high pressure liquid chromatography)}. This method
was found to produce highly variable data that were prone to false positive
and inconsistent results. The use of HPLC was discontinued after 1981 due

to difficulties in produciang consistent results.

The groundwater samples collected as part of this remedial
investigation were analyzed for the PAH and phenolic compounds in Table 2
using gas chromatograpy/mass spectrometry (GC/MS) with a modified version
of EPA Method 625. The method is described in Appendix B-1. Only the
results from the GC/MS analyses were used in the preparation of this

report.

Procedures used to collect the groundwater samples in this remedial
investigation are describsd in Appendix B-1. Because of the very low
detection limits of the mathods used to analyze the samples for PAH and
phenolic compounds, extensive quality control procedures were used during
sample collection and analysis to provide confidence that reliable data
were being generated. The quality control procedures used in the remedial
investigation are described in Appendix B-2. Field blank samples and
duplicate samples were analyzed as described in Appendix B-2 to check the
effectiveness of the quality control program. The results from the
analyses of the quality control samples indicate that reliable data were

obtained.

The collection of samples for the remedial investigation began in the

fourth quarter of 1984 with the sampling of the shallow monitoring wells
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that existed on the site at that time. The original wells and the new
shallow monitoring wells were sampled in the first and second quarters of
1985. Samples were also collected in the second quarter of 1385 from three
of the groundwater pump-out and monitoring wells installed during the 1980
investigation and remedial action at the site of the Howe, Inc. fire. The

locations of these wells (P02, P03, and P23) are shown in Figure 7.

At least three volumes of water were removed and a stabilization test
was performed at each well prior to the collection of samples. Samples
were collected from the shallow wells wusing stainless steel bailers.
Samples for metals analysis collected in the fourth quarter of 1984 and the
first quarter of 1985 were filtered and preserved. Hexavalent chromium was
initially analyzed by Standard Method 312B. However, EPA Method 218.5 was
used to analyze the samples collected in the second quarter of 1985 to
obtain a lower detection limit. Metals samples collected in the second
quarter of 1985 were filtered and preserved in the field, with the
exception of the samples for hexavalent chromium analysis, which was
filtered in the laboratory and analyzed within 24 hours of collection. The
results from the analysis of the samples from the shallow monitoring wells

are in Table 8.

Prior to sampling of the mid-depth wells (Wells 201, 206, 207, and
209), five volumes of water were removed or the well was pumped until a
stabilization test indicated that consistent quality water was being
removed from the well. Samples were collected from Wells 206, 207, and 209
with stainless steel bailers and from Well 201 with a submersible pump.
The results from the analyses of the samples from the mid-depth monitoring

wells are in Table 9.

The deep monitoring wells (Wells 301 and 307) were pumped until three
to five well volumes of water had been removed. A stabilization test was
then performed. Samples were collected from the pump outlet or with a
stainless steel bailer. The results from the analyses of the samples from
the deep monitoring wells are in Table 10. During the last quarter of 1984

and first quarter of 1985, samples were collected from the plant well using
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a jet pump that was in the well. The intake of the jet pump was at a depth
of about 45 feet, The results from the analyses of these samples are also
in Table 10. Water samples were collected above and below the packer that
was placed in the plant well in April, 1985 and the results from the
analyses of these samples, referred to as 300PDC (sample from Prairie du

Chien) and 300STP (sample from St. Peter Sandstome) are in Table 10.

Samples From Private Wells

Two private wells, one located northeast of the site and the second
located southeast of the site, were sampled on two occasions in 1985.
These wells are identified by their Minnesota Geological Survey unique well
numbers (203571 and 203574) and their locations are shown in Figure 5. The
drilling logs for these wells are in Appendix A-3. Well 203574, which is
located southeast of the site, is 4 inches in diameter and 195 feet deep.
This well is finished with 27 feet of open hole in the Prairie du Chien.
The well was sampled from an outside tap after the pump was operated for
about 10 minutes. The well is currently used for lawn watering. Well
203571, which is located northeast of the site, is 4 inches in diameter and
134 feet deep. This well is estimated to be finished in the St. Peter
Sandstone. The existing inoperable submersible pump was removed from the
well and the well was pumped with a portable submersible pump. The samples
were collected from the pump outlet after a stabilization test had been
performed. The results from the analyses of the samples from these two

wells are in Table 10.

0ff-Site Well Search

A program was completed to identify the location, use, depth and
condition of other private wells in the vicinity of the site. The search
area was bounded on the north by 5lst Avenue North (west of France Avenue)
and 50th Avenue Worth (east of France Avenue), on the east and west by the
Brooklyn Center city limits, and on the south by Lakeside Avenue and 47th
Avenue North. The limits of the well search area are shown in Figure 8.

The Minnesota Department of Health conducted a well search east of the
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Joslyn site in 1980 following the fire at the Howe, Inc. site. This well

search was conducted immediately east of the Joslyn well search area.

Preliminary information on the locations and uses ‘of wells in the
gsearch area was obtained from the Brooklyn Center city engineer, the
supervisor of the Brooklyn Center Water Department, and from records of the
Minnesota Department of Health and the Brooklyn Center Health Department.
No drilling logs for wells in the search area were on file at the Minnesota
Geological Survey. Addresses of residences and commercial/industrial
facilities in the well search area were obtained from the Brooklyn Center
Planning Department. A cross reference directory was then wused to obtain

the names of the residence and business owners for each address.

A total of 141 private wells were identified in the well search area.
The addresses of the properties in the area with wells and the status and
use of the wells are shown in Appendix C. The locations of the wells are
shown in Figure 9. All of the information collected in the well search is
contained in the October, 1985 report entitled 'Well Search - Brooklyn
Center Site" (Barr Engineering Co., 1985} completed by Barr Engineering Co.

for Joslyn.

A total of 44 functioning wells were identified in the search area, of
which 38 are used on a routine basis. The 38 wells that are routinely used

include six that are used as a potable supply, one that is used as a

non-potable supply (i.e., for toilet flushing and washing), one that is
used as an industrial supply, and 30 that are used for lawn and garden
watering. Six wells in the area reportedly still function, but are not
routinely used. Of the 99 non-functioning wells, 29 have inoperable pumps,

40 are capped, and 30 are buried or otherwise inaccessible.

All but six residential properties and one business property in the

—_—— s

search area are connected to the city water system. City of Brooklyn

Center records indicate that city water was installed after most of the
homes in the area had been constructed, which accounts for the large number

of wells in the area.
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Virtually no useful information is available on the depth or other
characteristics of the wells in the search area. As stated previously, no
drilling logs are available for any of the wells. Reliable information on
the depth of the pump intake was obtained on two wells (4110 Lake Breeze
Avenue and 3615 - 48th Avenue); however, this does not provide information
on the depth of the well. Many property owners indicated that their well
is "shallow" or "deep" or '"about 40 feet deep'" but this information is

based on recollections and cannot be verified.
SURFACE WATER INVESTIGATION

Surface water samples were collected from Twin Lakes in January and
May, 1985. The samples were collected from the six sampling sites shown in
Figure 10. Station LS-1 i3 located in the southern portion of Twin Lakes,
approximately 10 feet from shore and 300 feet north of the railrocad tracks.
Station L§-2 is also located in this portion of Twin Lakes, about 10 feet
from shore and 300 feet south of the railroad tracks. Station LS-3 is
located 10 feet from the east bank of the north end of the channel between
the southern and northern portions of Twin Lakes, north of the So0o0 Line
railroad bridge. Station LS-4 is located in the northern portion of Twin
Lakes, approximately 20 feet from the east side of the southernmost island.
Station LS-5 is located about 20 feet west of the swimming beach in the
southern portion of Twin Lakes. Station LS-6 was located about 10 feet
from the east bank of the northern end of the channel beneath the Highway
100 bridge.

Samples from the lake stations were analyzed for the PAH compounds,
heterocycles, and phenolics in Table 2. Results from the analyses of the
lake samples are in Table 11.

VOLUME AND CHARACYERISTICS OF WASTE AND CONTAMINATED SOIL

This section of the report summarizes the quantity and characteristics
of the waste and contaminated soil at the Joslyn site. Contaminated and

uncontaminated soils were differentiated on the basis of the soil's visual
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appearance, odor, and the results from the chemical analysis of

representative samples collected from exploratory excavations and borings.

Three types of wastes were identified in the waste and contaminated

soil investigation:

1. Heavily Contaminated Soil —-- 0Oily cinders and sand with a strong
fuel o0il or creosote odor and fine grained black sediment at the

bottom of Pond A

2. Lightly Contaminated Soil == Black or brown discolored sand with

a discernible fuel oil or creosote odor

3. Pond A Water -- Liquid in Pond A in the northwestern portion of

gite.,

The results from the analysis of a broad range of visibly contaminated
and not visibly contaminated soil samples collected from the December, 1984
exploratory excavations show good agreement between the visual appearance

of the soil and the PAH and pentachlorophenol concentrations (Table 3).

The estimated limits of the areas on the site that were found to
contain visibly contaminated soil are shown in Figure 1l1. Estimated

volumes of the two categories of contaminated soils are shown in Table 12.

Pond A -~ A total of 12,000 cubic yards of heavily contaminated soil
have been identified in the vicinity of Pond A. This contaminated soil
surrounds and underlies Pond A from the ground surface to a depth of
approximately 7 feet. Exploratory Excavation {TP) 19, placed within the
dike but outside of the water in the pond, was used to estimate the limits
of the discolored oily sand. From immediately below the ground surface to
the bottom of TPl9 at a depth of 5 feet below the water table (9 feet below
thel water in Pond A), a strong crecsote odor was observed in the

excavation. Water flowing into the excavation had an oily appearance.

_—-r'-"—__‘—‘—
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The sample of the water collected from Pond A in January, 1985 showed
high concentrations of PAH/heterocyclic compounds. The concentrations of
these compounds in the liquid from Pond A appeared to be influenced by

freezing.

Area West of Pond A -- TP48, TP49 and TP50 were placed on the western

side of Pond A, just east and south of the wetland tributary to Twin Lakes.
The excavations showed soils with similar characteristics -— a foot of
sandy fill over a seam of contaminated silty sand-like material, mixed with
wood debris and treated wood. The seam was approximately 1 1/2 to 2 feet
thick, exhibited a strong creosote odor during excavation, and was oily
when wetted. Beneath the seam was a sand with little or no oil sheen and
an odor of decaying organic matter. Water entered the excavation at the
contact between the contaminated soil and the underlying sand at TP49 and
TP50. The water did not appear to be oily. Water samples from Monitoring
Well 101, which is located within this area, have shown only moderate
concentrations of PAH and phenolic compounds. It is estimated that 800

cubic yards of heavily contaminated soil exist in this area.

Pond B -- TP20 was placed through Pond B. This exploratory excavation
identified a zone of black oily sand and wood debris between deﬁths of 3
1/2 and 5 feet. Boring B-1 was placed through Pond B in 1981 and
encountered a zone of black oily sand, gravel and debris between depths of
2 and 6 feet. It is estimated that 2,000 cubic yards of heavily
contaminated soil are present in the Pond B area. Groundwater beneath
Pond B exhibits a strong creosote odor. The exploratory excavation and
borings show that Pond B was excavated below the surface of the saturated

zone.

Area 1 -- TP45, TP46 and TP47 were placed in the building foundation
in Area 1. Discolored sand with a slightly oily sheen and a slight to
moderate creosote odor was encountered between depths of 0.5 and 7.5 feet
in TP45. Sand with only a slight oil sheen and odor which decreased
significantly with depth was identified in TP46 in the southeastern corner
of the foundation. No contaminated soil was identified in TP47. Shallow

samples taken in the center of the building foundation showed approximately
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3 inches of blackened wood chips which may represent the 'bark pile"
identified in the MPCA's October, 1982 memorandum. Of the three test pits
placed in this area, only TP45 showed any evidence of contamination.
Because of the limited extent of the contamination in Area 1, this area is
considered to not be a significant source of potential groundwater

contamination nor to contain any contaminated soil.

Area 3 -- Exploratory excavations placed in Area 3 encountered little
visible contamination. The soil in the test pits had relatively 1little
odor or o0il sheen. Test excavations placed west of TP22 and TP23 in 1982
identified 1 1/2 to 2 feet of green and black contaminated soil. It is
estimated that 500 cubic¢ yards of heavily contaminated soil may exist in
Area 3. This contaminated soil also does not appear to be a significant

source of potential groundwater contamination.

Area & -- TP13 through TPl8 were placed in Area 4. TPl3, TPl4, TP1S8
and the north half of TPL7 indicated discolored sand with a moderate to
strong creosote odor. The so0il in these pits was discolored from the
surface to depths of 5 to 10 feet. A black, shiny cohesive material was
Found in a distinct layer at a depth of 8.5 to 9.5 feet in TP13. Beneath
the discolored sand and black material, the soils appeared to be
uncontaminated, with little or no discoloration and only a slight creosote
odor. TP15, TPlé and the southern half of TP17 did not encounter
contaminated soil. Based on the estimated areal extent of the
contamination in Area 4 and the depths of contamination found in TP13,
TPl4, TPl7 and TPI18, it is estimated that 5,500 cubic yards of heavily

contaminated soil exist in this area.

Area 5 —— Area 5 is located south of the former process area of the
site, The area receives surface runoff from the area east and south of the
former thermal treating tanks . Boring PB-5 was placed in Area 5 to better
establish the depth of contaminated soil identified in the exploratory
excavations. The boring identified a peat deposit at a depth of about 16
feet. A portion of Area 5 contains 2 to 5 feet of bladk oily cinders and
gravel near the ground surface. Water flowing into the test excavations in

this area had an oily sheen and a creosote odor. The area may have been
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used for the disposal of soil which had become contaminated from spills or

_operations at the thermal treating tanks. The cinders and gravel are

underlain by brown discolored sand. The exploratory excavation could not
be extended below this diucolored sand because groundwater rapidly filled
the excavation. Boring P-5 indicated that the discolored sand extended to
a depth of 6 feet. A grey sand with a slight oil sheen and creosote odor
was identified beneath the discolored sand. This grey sand extends to the
top of the peat deposit. The analysis of a sample of the sand from
directly above the peat (FPB5-4) showed very low concentrations of PAH and
phenolic compounds. The oil saturated sand at a depth of about 6 feet
seems to retard infiltrating groundwater and causes groundwater mounding in
this area. It is estimated that 3,000 cubic yards of heavily contaminated
soil exist in the upper 6 feet of the depression in Area 5. It is
estimated that 500 cubic yards of lightly contaminated soil exist around

the perimeter of the heavily contaminated soil in Area 5.

Area 6 -- Two zones of contaminated soil were identified in Area 6.
The first is made up of isolated zones of black and dark brown oily sand
located around the former thermal treating and reclaim tanks. The surficial
soil in much of Area 6 was disturbed during closure of the treating
facility and contains discolored soil and isolated pockets of oily black
soil. The second zone of contaminated soil is located below a depth of
about 5 feet under most of the area beneath the former reclaim tanks and
pipes. Empty pipes extend at a depth of about 5 1/2 feet from the former
concrete reclaim tanks located just west of the former plant office. An
oil-saturated sand exhibiting a strong crecosote odor is present below these
pipes and above the surface of the saturated zone. This zone of oil
saturated sand was found in TP31, TP37, TP38 and in Boring PB-4. The
oil-saturat%gLsand does not extend as far as TP40, TP4l, TP44 and the south
half of TP3T. The estimated limits of this heavily contaminated soil
within Area 6 are shown in Figure 11. Soil samples from Boring PB-4 showed
the highest PAH concentrations of any soil samples analyzed during the
investigation. The sampleé were collected from the oil-saturated zonme in
Area 6. The soil samples from Area 6 had 1low pentachlorophenol
concentrations indicating that the oil is primarily creosote. The volume
of heavily contaminated soil in Area 6 is estimated to be 10,000 cubic

Id
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yards. Additional oil-saturated sand may exist beneath the reclaim piping
outside of Area 6. It is estimated that 3,500 cubic yards of lightly
contaminated soil and debris exists above and adjacent to the heavily

contaminated soil in Area 6.

Area 7 -- No visible discoloration, o0il sheen, or odor was detected in
the soil exposed in TP30. The September, 1982 excavations in Area 7
identified 0.5 to 1.5 feet of contaminated soil near the surface that had a
slight pentachlorophenol odor. Area 7 1is not considered to be a

significant source of groundwater contamination or contaminated soil.

Area 8 -~ A 1/2 foot thick seam of black, oil~-saturated sand was found
at a depth of approximately 2 feet in TP27 and TP29. Sand below this seam
did not appear to be visibly contaminated. It is estimated that 1,000
cubic vyards of heavily <ontaminated soil and 1,000 yards of lightly

contaminated soil exist in Area 8.

. Burning Pit -- TP20 was placed in the location of a former burning pit
north of Pond B. The excavation encountered wire, steel sheets, wood,
metal and metal bands. Most of the waste appearing burned or charred and
mixed with sand. Little or no oil sheen or creosote odor was observed in
the soil samples. The burning pit area is not counsidered to contain

contaminated soil.
HYDROGEQLOGIC CONDITIONS

Information collected during the remedial investigation along with
other available information was wused to define the geologic and
hydrogeologic settings of the Joslyn site. The site 1is located on an
80-foot to l40-foot thick sequence of unconsolidated sediment that overlies
the St. Peter and Prairie du Chien bedrock units. The glacial geology is
complicated by the discontinuous nature of the fine—grained glacial units
below the site, The bedrock geology 1s complicated by the variations
caused by the buried bedrock wvalley beneath the western portion of the

site.
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GEOLOGIC SETTING

The characteristics of the various glacial and bedrock units below the
site are described in the following paragraphs. The relationships between
the major overburden units ~- the upper sand and the middle confining unit
-- and the lower aquifer are illustrated in the geologic cross sections in
Figures 12 and 13. The locations of the cross sections are shown in Figure
14.

Upper Sand

Most of the site is covered with sand fill which likely was placed as
part of the construction and/or operation of the wood treating facilities
at the site. This fill contains demolition debris, metal bands, and waste

in the former process area of the site.

The uppermost glacial unit is a sand which ranges from 26 to 50 feet
in thickness in borings placed on the site. The sand is fine to coarse
grained, stratified, and contains some gravel lenses. The unit 1is
continuous over the site and contains deposits of peat, organic rich
lacustrine deposits, and sandy silt adjacent to Twin Lakes and associated
wetland. The sand has a moderate topsoil development in areas adjacent to
the site, but very little topsoil or vegetation is present on the site
because of the placement of sand fill over the site. The sand unit is
probably fluvial or lacustrine in origin, deposited by meltwater as the

Grantsburg Sublobe blocked drainage to the south.

Middle Confining Unit

The middle confining unit consists of an upper silty clay, silty sand,

lower silt, and basal sandy clay subunits.

Upper Silty Clay Subunit —-— The lower portion of the upper sand unit

becomes progressively finer grained and contains interbedded silt and silty

clay. This transitional zone grades laterally and vertically into a silty
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clay, which ranges from 5 to 20 feet in thickness. The silty clay subunit
slopes to the northwest and decreases in thickaness to the south and west,
The silty clay is absent directly above the buried bedrock valley in the
western portion of the sitz. The upper silty clay was probably deposited in
a deeper water glacio-lacustrine environment during the retreat of

Grantsburg Sublobe ice.

Silty Sand Subunit -- A 6-foot to 10-foot thick deposit of silty sand

exists below the silty clay in the eastern two-thirds of the site. This
subunit grades laterally into a coarse-grained sand and gravel deposit over

the buried bedrock valley in the western portion of the site.

Lower S5ilt Subunit -- A 13-foot to 26-foot thick silt subunit lies

below the silty sand. This lower silt subunit contains lenses of silty
sand and low plasticity clay and slopes slightly to the west. The lower
silt subunit is also absent directly over the buried bedrock valley in the

western portion of the sits.

Basal Sandy Clay Subunit -- A 5 to 6-foot thick sequence of brown and

reddish brown sandy clay coataining clasts of limestone and shale was
encountered in Borings PB-2 and PB-3. The sandy clay probably represents a
thin discontinuous mantle of till above bedrock in the eastern portion of

the site.

Lower Aquifer

The lower aquifer consists of a valley fill sand, a bedrock residuum

unit, the St. Peter Sandstone and the Prairie du Chien.

Valley Fill Sand -- A stratified, very dense, reddish-brown fine to

medium grained sand with gravel and cobbles fills the deepest portions of
the buried bedrock valley below the western portion of the site. The sand
and gravel was probably deposited by meltwater before the advance of
Grantsburg Sublobe ice over the site, either as outwash from the Superior
Lobe or as reworked Superior Lobe material deposited by Grantsburg Sublobe

meltwater.
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Bedrock Residuum —— A 6 to 9-foot thick, fine to medium grained, white

to tan silty sand residuum vrests on the S5t. Peter in the vicinity of
Borings PB-2 and PB-3. Boring PB-1 encountered loose pieces of dolomite
with about 2 feet of sand and fine gravel residuum above the Prairie du

Chien.

St. Peter Sandstone -- The St. Peter Sandstone encountered in Borings

PB~2 and PB-3, the boring for Well 8, and the plant well is a fine to
medium grained, well sorted quartz sandstone. Thin shale beds were
observed at Elevations 727, 722, 716, and 712 MSL in the video and gamma
logs of the open borehole of the plant well. The St. Peter is estimated to
be up to 75 feet thick eact of the site and is not present in the bedrock
valley located beneath the western portion of the site. The sandstone was

poorly cemented in cores obtained from Boring PB-2.

Prairie du Chien -- The Shakopee Formation of the Prairie du Chien was

encountered at Elevation 715 in Boring PB-1 and at Elevation 712 in the log
of the plant well. The Prairie du Chien exhibited well-developed

horizontal solution-enhanced channels in the video log of the plant well.
HYDROGEOLOGIC SETTING

The surficial sand unit acts as an unconfined upper aquifer beneath
the treating facility site. The St. Peter, Prairie du Chien and associated
bedrock residuum and the valley fill sand act as a lower aquifer below the
site. Beneath the eastern portion of the site, the upper aquifer 1is
separated from the lower aquifer by the fine-grained silt and silty clay
subunits of the middle confining unit. Beneath the western portion of the
site over the buried bedrock valley, the subunits of the middle confining
unit are absent and no sigznificant fine grained unit separates the upper
and lower aquifers, The sand and gravel which fills the bedrock valley
acts as an aquifer and is connected to the overlying upper aquifer and the

underlying Prairie du Chien.
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The following paragraphs describe the major hydrogeologic units

beneath and downgradient of the site.

Upper Aquifer

The upper aquifer is wunconfined and 1is recharged directly by

precipitation. Sparse vegetation, minimal topsoil, _and _local ponding of

surface water at the treating facility site all enhance recharge from

precipitation. Recharge from precipitation at the treating facility site

is estimated to average 10 inches per year. The groundwater contours in

the western portion of the site and in the vicinity of Pond A along with

the water surface elevations of Twin Lakes and Pond A indicate that the

upper aquifer is also recharged by seepage from Twin Lakes and Pond A.

As shown by the water table contours in Figures 15 and 16, the
dominant direction of flow in the upper aquifer is from the west-northwest
to the east-southeast in the western portion of the site and generally to
the east in the eastern portion of the site and downgradient. The
east-southeast direction of groundwater flow in the western portion of the

site likely reflects recharge of the upper aquifer from Twin Lakes.

The surface of the saturated zone in the upper aquifer is from 1l to 13
feet below the ground surface at the site. Perched zones or groundwater
mounds have developed above zones of oily soil. The saturated thickness of
the upper aquifer ranges from 38 feet to 45 feet across the site, but

decreases to 15 feet in Well 125 about 1400 feet downgradient of the site.

The lateral groundwater gradient in the upper aquifer ranges from 1 x
10_3 feet/foot in the western portion of the site to 6 x 10_4 feet/foot in
the eastern portion of the site. This is slightly less than the gradient
of 3.8 x 1073 feet/foot assumed by McBride (1974), perhaps because the
gsaturated thickness of the upper aquifer at the site is greater than in the

larger area studied by McBride.

The differences in water levels measured in the nested wells during

this remedial investigation are summarized in Table 13. There does not
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seem to be a significant difference in lateral gradieant and groundwater
flow directions in the upper and lower portions of the upper aquifer. No
significant water level differences between the upper and lower portions of
the upper aquifer (on the order of 0.1 feet or less) were measured at Well
Nest 6/206, Well Nest 7/207 or Well Nest 9/209. A water level difference
of 0.3 feet was measured in May, 1985 between the top and the base of the
upper aquifer at the location of Well Nest 101/201 in the northwestern
portion of the site. The middle confining unit is not present below this

portion of the site.

Estimates of the permeability coefficient of the upper aquifer range
from 2 x 10_3 cm/sec to 2 xlf}“1 cm/sec (Table 7). Assuming a permeability
coefficient of 2 x 10-1 cm/sec, the velocity of lateral groundwater flow in

the upper aquifer across the site is on the order of 400 to 700 ft/year,

based on the above gradients and an estimated porosity of 30 percent. This
flow velocity equates to an estimated flow rate of 80 to 120 gallons per

minute (gpm) from west to east across the 900-foot width of the site.

The groundwater surface contours in the upper aquifer in the western
portion of the site and the water surface elevation of Twin Lakes indicate
that a portion of the water flowing through the upper aquifer comes from
Twin Lakes. Comparing the estimated groundwater flow rate of 80 to 120 gpm
across the 900-foot width of the site to the estimated precipitation
recharge to the groundwater of 10 inches per year suggests that more than
three-fourths of the water moving through the upper aquifer beneath the

gsite is from Twin Lakes.

Groundwater levels in the upper aquifer increased by approximately 0.5
to 0.7 feet over most of the site between March, 1985 and May, 1985 due to

higher lake levels and the recharge of spring suowmelt and rainfall.

The saturated thickness of the wupper sand aquifer decreases
downgradient of the site, as shown by the log for Well 203574, and by
borings placed for the groundwater investigation associated with the fire
at the Howe, Inc. site. Fine grained soils were preéent in the logs of

each of these borings at the elevations shown in Figure 4. McBride (1974)
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indicates that the upper sand aquifer may be in direct contact with the St.
Peter Sandstone at places between Twin Lakes and the Mississippi River. As
shown in Figure 4, the middle confining unit appears to be continuous at

least to the Howe, Inc. site.

Middle Confining Unit

Where present, the fine-grained subunits of the middle confining unit
act as a confining bed between the upper and lower aquifers. As described
previously, the middle confining unit is not continuous across the site,
being absent above the bedrock valley in the western portion of the site.
The middle confining unit is 5 to 20 feet thick in borings placed east of
Pond A and in the former process area of the site. The middle confining

unit is not present in Boring PB-1, west of Pond A.

Vertical groundwater gradients between wells finished above and below
the silty clay and other subunits of the middle confining unit averaged 2 x
10_3 feet/foot indicating a slight downward gradient through the wunits
(Table 13). The vertical gradients between the upper and lower aquifers
measured at locations underlain by the middle confining unit were
approximately 10 times larger than the vertical gradient between these two
units measured in the well nest located where the middle confining unit 1is

not present.

Remolded samples of the silty clay and the silty sand subunits of the
middle coafining unit had permeability coefficients of 3.8 x 10-7 cm/sec
and 8.4 x 10_7 cm/sec respectively when tested using a constant head
permeameter (Table 7 and Appendix A-4). These permeability coefficients
are similar to the 3 x 10_7 cm/sec estimate used by McBride (1974).
Assuming an average vertical permeability coefficient of 6 x 10-7 cm/sec
and a porosity of 30 percent for the silty clay and silty sand, the
downward vélocity through the middle confining unit under the average
observed gradient would be on the order of 4 x 10_3 feet/year, which is
negligible., If the actual permeability of the middle confining unit is two

orders of magnitude higher than the permeability coefficients of the
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remoided samples, the downward velocity would be on the order of 0.4
feet/year. In either case, the middle confining unit appears to be a

significant barrier to downward groundwater movement.

Lower Aquifer

The lower aquifer is comprised of the Prairie du Chien, St. Peter
sandstone, overlying bedrock residuum, and the valley fill sand. The lower
aquifer is confined by the silt, silty clay, and sandy clay till subunits
of the middle confining unit in the eastern portion of the site, but is in

contact with the upper aquifer below the western portion of the site.

Based on the water levels measured in Well 307 and the plant well
(W300), the lateral flow direction in the lower aquifer seems to be to the
east, similar to that of the upper aquifer. The lateral gradient between

Well 307 and the plant well averaged 2.5 x 10-'3

feat /foot, which is within
the range of lateral gradients measured in the upper aquifer. Similar
gradients were measured between Well 301 and Well 307 (3 x 10—3 feet/foot)

and Well 301 and the plant well (4 x 1073 feet/foot).

A pumping test conducted in the packed-off St. Peter portion of the
plant well indicated an average permeability coefficient of 2.8 x 10_-l
em/sec for the St. Peter. This value is about an order of magnitude higher
than McBride's (1974) estimate for the permeability of the St. Peter

(2 X10_2 em/sec).

The silty sandstone residuum encountered in Borings PB-2 ﬁnd PB-3 lies
between the St. Peter and the middle confining unit in the eastern portion
of the site. A permeability coefficient of 2.5 x 10_3 cm/sec was estimated
for the sandstone residuum using the grain size distribution of a sample

collected from Boring PB-Z and Hazen's approximation.

The grain size distcibution of a sample obtained from Boring PB-1
indicated that the permeability coefficient of the valley fill sand is on

the order of 7 x 10_3 cm/sec,

 MN-COMP-A 0078209
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Seasonal changes in the potentiometric level in the lower aquifer
ranged from 0.5 feet in Well 301 to less than 0.1 feet in the plant well.
Because the «closest identified lower aquifer wells are wused only
intermittently, the response of the water level in the lower aquifer

on-site to pumping of off-site wells is anticipated to be negligible.

Downward groundwater gradients between the upper and lower aquifers in
the western portion of the site were measured at Well Nest 101/201/301
(Table 13). The latter well nest is over the bedrock valley where the
upper and lower aquifers are directly connected. The downward gradient
from Well 201 to Well 301 was 3 x 10—3 feet/foot in March and May, 1985.
If the vertical permeability coefficient of the valley fill sand is assumed
to be equal to the permeability coefficient estimated using Hazen's
approximation (7 x 10_3 cm/sec), the dowﬁward flow velocity through the
valley fill sand would be on the'order of 70 feet/year. It is anticipated
that the vertical permeability coefficient of the wvalley fill sand is
substantially less than the permeability coefficient estimated by Hazen's
approximation, since the material was placed by an alluvial process and is
horizontally stratified. If the vertical permeability coefficient of the
valley fill sand is an order of magnitude lower than the permeability
coefficient estimated by Hazen's approximation, the downward velocity would
be on the order of 7 feet/year., 1If the vertical permeability coefficient
is two orders of magnitude lower, the vertical velocity would be on the
order of 0.7 feet/year. In any event, the vertical rate of movement from
the upper aquifer to the lower aquifer is likely greater over the buried
valley than in the portion of the site underlain by the middle confining

unit.

The higher rate of lateral groundwater movement in the upper aquifer
compared to the rate of downward movement over the buried valley is
anticipated to be sufficient to carry any PAH and phenolic compounds that
are present in the upper portion of the upper aquifer over the bedrock
valley to the portion of the site that is underlain by the middle confining
unit before the contaminants reach the base of the upper aquifer. This is

confirmed by the relatively low concentrations of PAH compounds and
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pentachlorophenol in the samples from the mid-depth wells located in the

western portion of the site (Wells 201 and 207).

The higher potentiometric level in the valley £fill sand (Well 301),
compared to the potentiometric level in the bedrock portion of the lower
aquifer indicates that groundwater in the valley fill probably discharges
to the bedrock portion of the lower aquifer through the valley floor and
walls. The valley fill sand may be separated from the bedrock in places by

a fine-grained unit along the wvalley wall.

The packed-off St. Peater portion of the plant well had a slightly
higher static water level than did the open borehole as a whole (0.1 feet).
This suggests that a slight downward gradient may exist between the St.
Peter and the Prairie du Chien.

GROUNDWATER QUALITY

This section of the report discusses the results from groundwater

quality monitoring at the Joslyn site.

Upper Sand Aquifer

Samples obtained from the sixteen shallow monitoring wells placed in
the vicinity of the site indicate that PAH/heterocyclic compounds are
present in the groundwater in the upper portion of the upper aquifer.
Pentachlorophenol is the only detectable phenolic compound in the upper
aquifer. The concentrations of PAH compounds and pentachlorophenol
measured in the shallow groundwater downgradient of the areas of
contaminated soil on the site are gemerally lower than those found at other

wood treating sites in Minnesota.

Contours of equal pentachlorophenol concentration in the upper portion

of the upper aquifer are shown in Figure 17. These contours are based on

;  MN-COMP- 0078211
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the average concentration in samples from each shallow well sampled in this
remedial investigation. The average pentachlorophenol concentrations in
samples from the wvarious wells are shown in Table 1l4. The
pentéchlorophenol concentration contours indicate that a plume of
pentachlorophenol extends from the Pond A and former process area on the
site to a point about 2,000 feet downgradient of the site. Highest
pentachlorophenol concentrations are present in the vicinity of Well 113

which 1is located near the former thermal treating and reclaim tanks.

Off-site pentachlorophenol concentrations in the shallow groundwater arel.~i'

below the EPA proposed RMCL of 220 ug/L (0.22 mg/L).

Several PAH and heterocyclic compounds are also present in the shallow
groundwater on the site. The contours of total PAH/heterocyclic compound
concentration (sum of List 1 and List 2 compounds) are shown in Figure 18.
These are also average concentrations from the remedial investigation. Tﬁe
average concentrations are shown in Table l4. The concentration countours
in Figure 18 show that a plume of PAH/heterocyclic compounds also extends
from Pond A and the process area of the site to the east. As with
pentachlorophenol, highest concentrations are present ia the vicinmity of
the former thermal treating and reclaim tanks. Very low concentrations of
some List 2 PAH compounds have moved off-site and may have reached Well
P23. PAH and heterocyclic compounds could not be detected in samples from
Wells PO2 or P03, possibly because of analytical interfereance from the high
concentrations of atrazine which was found in the samples from these wells.
The most prevalent PAH/heterocyclic compounds in the shallow groundwater
are naphthalene, l-methylnaphthalene, 2-methylnaphthalene, benzo(b)-

thiophene, 2,3~dihydroindene, indene, and perylene, which are among the

most mobile of the PAH compounds. Ir is significant to note that the

potentially carcinogenic PAH/heterocyclié compounds (List 1 compounds) are

not migrating from the areas of heaviest soil contamination on the site.
DL reret s

An oil phase was found on the surface of the groundwater in the
samples collected from Well 113 and in test pits placed around the former
process area. This oil may be the reason for the high concentrations of

PAH compounds and pentachlorobhenol in the samples from Well 113.
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The PAH/heterocyclic compounds in the shallow groundwater beneath the
site seem to be originating in the former process area and perhaps in Poud
A. Relatively high pentachlorophenol concentrations in samples from Wells
6 and 7 suggest that the source of pentachlorophenol on the site extends
further to the west than does the source of PAH compounds. Although the
concentration contours in Figures 17 and 18 suggest that the plume of
PAH/heterocyclic compounds has traveled further to the east than has the
plume of pentachlorophenol, this may be due to the lower detection limits
for the PAH/heterocyclic compounds in comparison to pentachlorophenol. The
apparent difference in the extent of migration may also be due to the fact
that creosote (the source of the PAH compounds) was in use for a much

longer time at the facility than was pentachlorophenol.

All arsenic, chromium and copper concentrations in the monitoring well
samples were within EPA primary drinking water standards, adopted secondéry
maximum contaminant levels and proposed EPA RMCLs. Arsenic concentrations
in water samples. collected from the shallow monitoring wells in the
vicinity of the site decreased between the first and second quarters of
1985 by an average of 7 ug/L. Smaller decreases were noted in copper and
chromium concentrations over the samé pericd. The low concentrations of
metals in the shallow groundwater are not considered a threat to public

health or the environment.

Samples from the three wells screened at the base of the upper aquifer
(mid-depth wells) contained much lower concentrations of PAH/heterocyclic
and pentachlorophencol compounds than did samples from the adjacent shallow
monitoring wells. The average total concentration of the List 1 and List 2
PAH/heterocyclic compounds and the average concentration of
pentachlorophenol in samples from the nested wells are shown in Table 14
and on the cross sections in Figures 19 and 20. Samples from all three of
the mid-depth wells had pentachlorophenol concentrations 20 to 750 times
lower than the concentrations in samples from the nearby shallow wells.
The concentrations of the PAH/heterocyclic compounds were similarly low in
samples from Wells 206 and 209, Samples from Well 207 had slightly higher

PAH concentrations than did shallow monitoring Well 7 (Figure 20), possibly
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because Well 207 1is located directly beneath the area of heavily
contaminated soil in the former process area and Well 7 is located south of

the area of heaviest soil contamination.

Samples from Well 201, which is completed in a coarse sand and gravel
zone within the valley fill sand, did not show detectable pentachlorophenol
or detectable List 1 PAH/heterocyclic compounds. Low concentrations of
List 2 PAH/heterocyclic compounds, primarily naphthalenes, were present in

samples from this well.

Lower Aquifer

Samples from the lower .aquifer monitoring wells completed in the
bedrock (Well 307 and the plant well) and samples from the lower aquifer
well finished in the valley fill sand (Well 301) showed no detectable
concentrations of pentachlerophenol. Samples from the two bedrock
monitoring wells and the well in the wvalley fill sand did show low
concentrations of several PAH and heterocyclic compounds. The average
concentrations of the List 1 and List 2 PAH/heterocyclic compounds in the
lower aquifer wells are shown in Table 14. The average concentrations of
the List 1 and List 2 PAH/heterocyclic compounds in samples from Well 301
and the plant well are“slightly greategythan the concentrations in samples
from Well 201, but are still well within the informal MPCA recommended
drinking‘ water levels. The concentrations of the PAH/heterocyclic
compounds in samples collected from the St. Peter and Prairie du Chien
portions of the borehole for the plant well did not differ significantly.
Average concentrations of the List 1 PAH/heterocylic concentrations in
samples from Well 307 are also well within the informal MPCA drinking water
levels, but the concentrations of the List 2 compounds are slightly greater

than MPCA recommended levels for drinking water wells.

Samples from the two private bedrock wells that were monitored in the
vicinity of the site iadicated that the water from these wells is within
the MPCA recommended drinking water levels for PAH/heterocyclic compounds.
No pentachlorophenol or other phenolic compounds were detected in the

samples from these wells.
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SURFACE WATER QUALITY

Surface water samples collected from Twin Lakes showed no detectable
concentrations of pentachlorophenol or other phenolics. Detectable
concentrations of List 1 and List 2 PAH/heterocyclic compounds were founé
in samples from all of the lake sampling stations. The highest
concentrations were found at Station LS4 on the northern portion of the
lake. This station was intended to be a background station and is not
located near the Joslyn site. Samples collected in January, 1985 at
Station LS4 contained relatively high concentrations (compared to other
take stations) of several List 2 PAH/heterocyclic compounds which were not
present in significant concentrations in groundwater beneath the treating
facility site. PAH compounds are a known constituent in the exhaust from
internal combustion engines (e.g., outboard motors} and motor fuels and
lubricants. Similar compounds were found in the January sampling from
Station LS1, which is located in the 1ower.portion of the lake just west of
the treating facility site. Because of the chemical signature of these
samples and the location of Station LS4 relative to the site, it is likely
that the PAH compounds detected in the January sample were of typical
background quality in lakes with extensive motorboat traffic and not from

the site.
POTENTIAL IMPACTS OF SITE
GROUNDWATER USE

PAH/heterocycles and pentachlorophenol have entered the shallow
groundwater beneath the Joslyn site as the result of spills, waste
disposal, and other releases in the former process area and waste disposal
areas on the site. Highest concentrations are present in the shallow
groundwater near and immediately downgradient of the former thermal
treating, reclaim and storage tanks and Pond A. Analyses of samples from
off-site shallow monitoring wells have shown that low concentrations of
List 2 PAH/heterocycles and pentachlorophenol have moved off-site. The

direction and extent of off-site movement and the concentrations that have
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been measured are consistent with the locations of contaminated soil on the
site and the groundwater gradients in the upper aquifer. The most mobile
contaminants moving through the groundwater away from the areas of heaviest
soil contamination are the non-carcinogenic (List 2) PAH and heterocyclic

compounds.,

Samples from wells screened at the base of the upper aquifer have
shown only very low concentrations of PAH/heterocyclic compounds and
pentachlorophenol, in comparison to nearby shallow wells. This indicates
that a contaminant plume with a density greater than water is not present
at this site. The reasons for the low concentrations of wood preservatives
at the base of the upper aquifer are thought to be the low specific gravity
of the wood treating chemicals used at the site and the lack of significant
downward groundwater movement. The deeper groundwater in the upper aquifer
below the site is also primarily derived from recharge from Twin Lakes and,
therefore, has not been in contact with the contaminated soils located

above the surface of the saturated zone on the site.

Lower aquifer monitoring'wells located at the site indicate that the
lower aquifer has not been significantly dimpacted by PAH and
pentachlorophenol in the upper aquifer. Samples from Well 307, located
adjacent to the former process area on the site, suggest that groundwater

in the vicihity of this well may slightly exceed the MPCA's informal

drinking water levels for the non-carcinogenic PAH/heterocyclic (List 2)

compounds, however, these levels are extremely protective. The low
concentrations of wood treating chemicals in the lower portion of the upper
sand aquifer and the very long travel time through the middle confining

unit have protected the quality of the lower aquifer.

Without site remediation, the concentrations of pentachlorophenol and
PAH compounds in the upper aquifer in the vicinity of the areas of heaviest
soil contamination are not expected to decrease in the short-term. The
most highly contaminated groundwater, which is still confined to the former
operating areas on the site, will continue to move to the east. The rate
of contaminant movement is estimated to be- 100 feet per year or less,

assuming a pentachlorophenol and PAH compound retardation factor of 5 or
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greater, Continued movement of the low concentrations of pentachlorophenol gbﬂ fb“ﬁf

P
and PAH compounds to the east of the site is not expected to significantly U?;;:;ZZUL

affect groundwater use in the area. The shallow groundwater east of the %ai}ﬁi~kb,
()

~Howe, Inc. Ffacility is contamlnated with atrazine and perhaps other

pesticides and the available information indicates that the shallow

groundwater is not being used in the area east of the site.

PAH compounds and pentachlorophenol will also tend to continue to

slowly move vertically to the underlying lower aquifer below the site. The

-..._____‘___..-——"""‘—-—.__...........—-—'

future vertical migration of these compounds to the lower aquifer would
seem to be a more significant potential impact to the publlc health than
would the continued lateral migration to the east. The reason for this
conclusion is that the lower aquifer below the site is used by a few water
supply wells in the vicinity of the site and is used by high capacity water

supply wells on a regional basis.

A total of 78 wells were identified in the area downgradient of the
site within the estimated limits of the 0.3 ug/L total PAH/heterocyclic
concentration contour. The estimated location of the 0.3 ﬁg/L
PAH/heterocyclic councentration contour in relation to the wells
downgradient of the site is shown in Figure 21. The location of this
contour is based on results from the analysis of samples collected from
shallow monitoring wells installed as part of the remedial investigation,
and is applicable only to groundwater in the shallow portion of the upper
aquifer. Of the 78 wells in this area, two are used as potable supplies,
one is used as an industrial supply, and 17 are used for lawn and garden
watering. The owners of the two potable water supply wells within the 0.3
ug/L PAH/heterocyclic concentration contour indicated that their wells are
finished in either deep sand or in bedrock. The remaining 58 wells within

the 0.3 ug/L PAH/heterocyclic concentration contour are not used.

Samples from a limited aumber of private wells located south and east
of the site by the Minnesota Department of Health in 1961, Brooklyn Center
in 1978, and the MPCA in 1980 showed low, but detectable, levels' of

phenolics. The previous samples from private wells east of the site

suggest that low concentrations of organics from the site may be impacting

-
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shallow wells located within the 0.3 ug/L concentration contour shown in
Figure 2!. These wells are not used for potable supply purposes and no

present impact on public health is anticipated.
TWIN LAKES

The results from the analyses of the surface water samples collected
from Twin Lakes indicate that low concentrations of PAH compounds are
present in the lake; however, the distribution of the data indicate that
measurable concentrations are not the result of past operations at the
Joslyn site. The elevated concentrations of PAH compounds in Twin Lakes
could be the result of motorbeoat traffic on the lake or dust fall from
anthropogenic sources in the Twin Cities metropolitan area. Because water
in the shallow groundwater flows east, away from Twin Lakes, it is unlikely
that the contaminated groundwater in the upper aquifer below the site will

-impact Twin Lakes in the future.

JOSLYN/316,10
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SECTION 3
ASSESSMENT OF ALTERNATIVE REMEDTIAL ACTION TECHNOLOGIES

INTRODUCTION

Soil and shallow groundwater beneath a portion of the Joslyn site is
contaminated with pentachlorophenol and PAH compounds as a result of wood
treating operations at the site. The extent and magnitude of this soil and
groundwater contamination has been defined in the previous section of this
report. Contamination in the shallow groundwater is moving to the east at
an estimated rate of 100 feet per year or less. The potential exists for
the PAH compounds and pentachlorophenol in the shallow groundwater to
eventually move vertically to the lower aquifer which underlies the site.
The lower aquifer below the site has not been significantly affected by
wood preservatives in the shallow groundwater. The lower aquifer includes
bedrock units that are used by a limited number of private wells in the
vicinity of the site and by municipalities surrounding the site. No
municip;l water supply wells are, however, located within 1-1/2 miles of
the site. All but two residences in the area of shallow groundwater
contamination are served by city water. The two residences without city
water reportedly haﬁe deep wells. Shallow wells in the area are used

primarily for lawn watering.

The contaminated water and contaminated surficial soil in Pound A on
the site is a risk to people trespassing on the gite that come in contact
with this waste. Access to Pond A is controlled by a temporary fence.

The purpose of this section of the report is to evaluate various
remedial action technologies that could be used to mitigate the potential
impacts of the soil and groundwater contamination at the Joslyn site.
Potential impacts of the soil and groundwater contamination at the site can
be mitigated by eliminating the contaminated water and soil in Pond A and
1) restricting the leaching of additional coutaminants from the
contaminated soil to the groundwater and/or 2) restricting the further.

migration of contaminated shallow groundwater.
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Restricting the further leaching of contaminated soil will virtually
eliminate the supply of additional contaminants to the shallow groundwater.
Further releases from the contaminated soil can be coantrolled by removing
or containing the contaminated soil. This approach will prevent the
contaminants in the surficial groundwater from increasing in concentration.
With such an approach, the contaminants in the shallow groundwater will
eventually diminish in concentration by diffusion and dilution. Due to the
number and complexity of the wvariables that affect the rate of change in
contaminant concentrations, however, an accurate estimate of the time rate
of change in groundwater contaminant concentrations is not possible. It is
anticipated that decades will be required for substantial groundwater
improvement to occur under remedial actions that restrict the further

leaching of contaminated soil.

Another approach to mitigating site impacts 1is to restrict the
migration of the contaminated groundwater by establishing some type of
barrier to groundwater flow. Groundwater flow barriers can be either a
physical restriction such as a slurry wall or a hydraulic restriction such
as a pumping system that intercepts and removes the contaminated
groundwater. With this approach, contaminants that enter the upper aquifer
are intercepted or blocked by the groundwater control system. ‘A
groundwater control system will have to be maintained for decades to
restrict the movement of contaminated groundwater unless leaching from the

large mass of contaminated soil on the site is somehow also controlled.

This section of the report evaluates several potentially feasible
remedial action technologies that are designed to mitigate the impacts from
the contaminated soil and groﬁndwater on the site. The potentially
feasible remedial action technologies are evaluated on the basis of their
technical feasibility and cost and effectiveness in abating the release or

threatened release of contaminants from the site.

Potentially feasible remedial action technologies that  were
investigated were selected on the basis of 1) the List of Feasible
Alternative Response Actions submitted in response to Task A.l.b of Exhibit

A to the May 30, 1985 Response Order between Joslyn and the MPCA and 2) the
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August 14, 1985 letter from the MPCA regarding modifications to the list of
feasible response actions submitted by Joslyn. The technologies that are
investigated include those designed to reduce the further release of
contaminants from the contaminated soil at the site and those designed to
contrel the further movement of contaminants that have reached the

groundwater in the upper aquifer.
CONTAMINATED SOIL CONTROL TECHNOLOGIES

Contaminated soil control technologies are designed to remove, contain
or treat the contaminated soil either on-site or at an off-site facility.
Many of the contaminated soil treatment technologies that are allegedly
available are proprietary and/or are not fully developéd and their
application and reliability has not been demonstrated. Use of such
technologies at the Joslyn site would require considerable bench and pilot
scale testing. Off-site treatment and containment facilities may be
available for the contaminated soil, but it 1is difficult to obtain a
long-term commitment from such facilities to take the waste when the
remedial action plan is implemented. In addition, off-site facilities are
generally thought to present more visk of future 1liabilities than do
on-site treatment or containment alternatives, since the waste generator
has no control over, but significant liability for, management methods used

at off-site facilities.
Potentially feasible contaminated soil control technologies are:

1) Capping

2) On-Site Containment with Vault

3) On-Site Containment with Slurry Wall
4) Solidification -

5) On-Site Incineration

6) Composting

7) Conventional Land Treatment

8) O0ff-Site Containment

9) Off-Site Incineration
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Technologies that are available to dispose of the water in Pond A were
evaluated along with the contaminated soil control technologies. The only
potentially feasible techmology for the water in Pond A is to discharge it

to the sanitary sewer after any necessary pretreatment.
CONTAMINATED GROUNDWATER CONTROL TECHNOLOGIES

Contaminated groundwater control technologies are designed to contain
or recover contaminated groundwater. ‘These technologies can be used to
reduce the lateral migration of pentachlorophenol and PAH compounds through
the upper aquifer and reduce the wvertical migration of these contaminants

to the lower aquifer below the site.

Potentially feasible contaminated groundwater control technologies

are;

1)  Slurry Wall Containment
2} Groundwater Intevrception and
a) surface water discharge

b) sanitary sewer discharge
ASSESSMENT OF POTENTIALLY FEASTBLE TECHNOLOGIES

The applicability and estimated unit costs of the potentially feasible
remedial action technologies are described in this portion of the report.
The costs should be viewed as "first-cut" estimates (-30 .percent to +50
percent) of the actual cost of implementing the technology at the site.
The costs should primarily be used as indicators of the relative costs of
the various technologies. Many of the costs are very sensitive to such
assumptions as the quantity of contaminated soil, the quality and quantity
of contaminated water that must be treated, and the amount of monitoring or
administrative cost required to implement the remedy. The unit costs
presented in this section includes an added 10 percent for contractor
mobilization, 20 percent for countingencies, and 20 percent for engineering,

design and administration.
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CONTAMINATED SOIL CONTROL TECHNGOLOGIES

Two general approaches can be used to control the further leaching of
contaminated soil on the site. These are: 1) containment and 2)

treatment.

Caps, vaults, and slurry walls are examples of the containment
approach. Incineration, solidification, composting and counventional land
treatment are examples of the treatment approach. Containment or treatment
of contaminated soil can be performed on-site or off-site. This report
emphasizes the on-site application of contaminated soil control
technologies because of the wuncertain availability and potential
liabilities associated with virtually all off-site approaches. Most, but
not all, of the contaminated soil control technologies require that the

contaminated soil be excavated prior to containment or treatment.
The technical feasibility, cost and general effectiveness of each of
the potentially feasiblez contaminated soil control technologies are

summarized in the following paragraphs.

Contaminated Soil Excavation

Unit costs were estimated for: 1) excavation of contaminated soil
above the surface of the saturated zone such as is anticipated over most of
the site and 2) excavation of contaminated soil from below the surface of
the saturated zone such as is anticipated in the Pond A area and in the

former process area on the site.

Excavation of Waste Above Saturated Zome -— The cost to excavate,

load, move and unload contaminated soil excavated above the surface of the
saturated zone 1s estimated to be $11 per cubic yard. This 1includes
mobilization, contingencies, and engineering. Soils contaminated with PAH
compounds and pentachlorophenol must be excavated in a manner consistent
with applicable safety precautions, but such work is feasible and can be

done safely by most contractors with appropriate safety training. The cost

52

MN-COMP-A 007

3
R

(5]



of backfilling the excavation, including obtaining the backfill from an
on-gsite location and placing, grading and compacting the backfill is
estimated at an additional $11 per cubic yard. This work canm be carried

out using standard construction practices.

Excavation of Soil In Saturated Zone -- Some heavily contaminated soil

in the Pond A area and in the former process area of the site is located

below the surface of the saturated =zone. This 1is probably due to
groundwater mounding above the contaminated soil as a result of the
relatively low permeability of the oil-saturated soil. Due to the

difficulty of excavating more than 1 to 2 feet below the saturated zone
without dewatering, it will not be possible to excavate the contaminated
soil from below the surface of the saturated zone unless groundwater is
removed, Although the high permeability of the upper sand unit makes
dewatering of an excavation difficult and expensive, dewatering is more
effective than dredging in removing the contaminated soil from the upper 5
to 10 feet of the saturated zone. Water removed during excavation of
contaminated soil would most logically be discharged to the sanitary sewer
after any necessary pretreatment. For cost estimating purposes, it was
assumed that flocculation would be used for pretreatment prior to discharge
to the sewer. This level of treatment was used to satisfactorily treat the
dewatering discharge from the excavation of soii contaminated with wood
preserving wastes at the National Pole and Treating Co. site in Fridley.
It was assumed that the water would be batch treated in pools where the
flocculant would be mixed and allowed to settle. The floc (sludge) would
periodically be removed from the pools and managed with the excavated
contaminated soil. This form of pretreatment can be expected to generate

about 10 pounds of sludge {(dry weight) per 1,000 galldﬁs of treated water.

The estimated cost of excavating contaminated soil below the surface
of the saturated zone is $40 per cubic yard. This cost includes dewatering
the excavation, excavating the contaminated soil, backfilling the
excavation with clean soil from an on-site source, pretreating the water by
flocculation, and disposing of the water in the sanitary sewer. Dewatering

during excavation of contaminated soil will also remove part of the
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contaminated groundwater present in and around the contaminated soil. This

is an advantage over excavating without dewatering.
Cappin

Contaminatad soil could either be capped in place or excavated and

moved to another location on-site and capped. The following capping
strategies are assessed: clay soil, multi-layer, synthetic membrane and
asphalt.

. Clay Cap —— After grading, a single compacted clay layer could be

placed directly over the area to be capped. The clay layer would
then be covered by topsoil and vegetated. Since clay is a
natural material, a long life can be expected. 1In addition, no
joint seaming is required. Clay tends to be ''self-healing" if
differential settling occurs. Standard design practice usually
uses a 2-foot thickness of compacted clay to provide assurance
that a layer of low permeability material 1is placed across the
capped area. The cost of using clay as a cap 1is obviously
dependent on clay availability. The estimated capital cost of a
clay cap is $90,000 per acre. The estimated annual maintenance
cost is $1,500 per acre per year. These costs include contractor

mobilization, contingencies, and engineering.

* Multi-Layer Cap —— The typical multi-layer cap system consists of

the following layers from top to bottom:

- Cover Soil -- An upper layer of soil which will support
vegetation and enhance surface runoff, consisting of 18 to

24 inches of cover soil.

- Flow Zone -— A middle layer which serves as the designed
drainage path, consisting of 18 to 24 inches of high

permeability gravel.

g

~ MN-COMP-A 0078227

v

54



- Low Permeability Layer -— A bottom layer of low permeability
clay which serves as a boundary to restrict ianfiltration,

consisting of 24 inches of clay.

The multi-layer cap system is generally the most expensive of the
capping systems. With proper placement, however, it can also be
the most effective. The grading, vegetation, cover soil, flow
zone and low permeability layers all combine to minimize
infiltration. All construction materials are natural,
consequently a long life and low maintenance costs can be
expected. The estimated capital cost of a multi-layer cap is
$100,000 per acre. The estimated annual maintenance cost is

$1,500 per acre per year.

Synthetic Membrane -- A synthetic membrane will provide a

relatively low cost cap which can be highly efficient. Membrane
installation typically includes: subbase grading, placement of
clean soil or sand, placement of "the membrane, placement of
topsoil over the membrane, and vegetation of the topsoil.
‘otential drawbacks of membranes include uncertain long-term
life, uncertain waste/liner compatibility, possible punctures
during installation, and uncertain iategrity of seaming. The
MPCA now requires that any synthetic membrane used as a cap be
placed below the frost zone.

The estimated capital cost of a 100 mil synthetic membrane is
$100,000 per acre. The estimated annual maintenance cost 1is
$1,500 per acre per year. The estimated capital cost of a 60
mil synthetic membrane is $90,000 per acre, with the same annual

cost for maintenance.

Asphalt —— The iaitial cost of an asphalt cap is often less than
the initial cost of a multi-layer or synthetic membrane cap. Due
to the physical properties of asphalt, however, the long-term
maintenance cost will be substantially higher than that of other

capplng materials. Long-term effects of differential settlement,
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sun aging, creep subgrade movement, and freeze/thaw will combine
to reduce the effectiveness of the cap. An asphalt cap will
crack and if not repaired the cracks will allow subsurface
infiltration. The maximum expected life of an asphalt cap is
about 10 years. Because of the high maintenance and short life
expectancy, asphalt was not given further consideration as a

capping material.
On an overall performance basis, the multi-layer cap and the
synthetic membrane cap represent the two most effective and technically

feasible capping approaches for the Joslyn site.

On-Site Containment with Vault

The objective of the on-site containment of the contaminated soil in a
containment vault is to isolate the waste from the upper aquifer. The
containment wvault would be constructed according to RCRA Subtitle C

(hazardous waste) regulations.

The design. of a RCRA contaimment vault involves: a double liner
system of two layers of synthetic membrane over a clay base, a leachate
collection system over the primary liner, a leak detection system between
the primary and secondary liners, and a synthetic membrane or clay cap over

the contaminated soil.

The following paragraphs summarize the details and «cost of
constructing a RCRA containment vault at the Joslyn site. The design of

the vault bottom liner, starting from the top layer of the liner is:

. geotextile fabric

] leachate collection system

. .primary liner ~- 100 mil membrane
. leak detection system

] secondary liner -- 60 mil membrane
. 36 inches of compacted clay.
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The design of the vault cap, starting with the top layer of the cap

is:

™ vegetation cover

. 2 feet of sand/topsoil

. 3 feet of clean fill

. geotextile fabric

. 12 inches of sand

] 100 mil membrane

. 24 inches of compacted clay
. 12 inches of sand. .

Internal and external side slopes were assumed to be 4 horizontal to 1
vertical. External side slopes were assumed to be sodded. The cap surface
was assumed to be sloped at 2 percent. The design used for cost estimating
purposes assumed that the base of the liner system would be 11 feet below
the ground surface. The construction cost for a RCRA vault with capacities
in the range of 20,000 to 50,000 cubic yards is estimated to be $35 per
cubie yard. The annual operating and maintenance cost for a wvault is
estimated to be $2,000 per year which includes periodic inmspections, repair
of any erosion that occurs on the side slopes or cap, monitoring of the
leak detection system and groundwater monitoring wells, and removal and
disposal to the sanitary sewer of any leachate that 1is collected.
Preliminary indications are that a high density polyethylene membrane
material will be compatible with the contaminants in the soil at the Joslyn
site. Compatibility testing may be necessary 1f the use of synthetic

membranes is part of the remedial action plan for the site.

On-3ite Containment with Slurry Wall

Slurry wall containment technology involves the construction of a low
permeability barrier (slurry wall) around the contaminated soil or
groundwater. The slurry wall is constructed of a mixture of bentonite,

sand and fines. A low permeability clay or synthetic membrane cap would
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typically be placed over the area surrounded by the slurry wall to minimize

the infiltration of precipitation into the area surrounded by the wall.

Slurry walls are constructed b? excavating a trench filled with a
slurry of «c¢lay and water and then backfilling the trench with a
soil-bentonite backfill mix. Most commonly, the slurry wall is keyed into
an underlying geologic unit of low permeability. A slurry wall at the
Joslyn site would logically be keyed into the middle confining unit below
the site. Where the middle confining unit 1s not present, an inward
hydraulie gradient would have to be used to provide the containment. An
inward hydraulic gradient is achieved by maintaining a lower water level
inside the area surrounded by the slurry wall than exists outside the area.
The most obvious way to maintain a lower interior water level is to pump
water from the interior of the containment area and limit recharge into the

containment area with a low permeability cap.

The bentonite slurry is used to support the trench walls during
excavation of the slurry wall to allow the trench to extend well below the
water table. The bentonite in the slurry is forced into the soil matrix on
the trench walls to form a low permeability filter cake. When a portion of
the trench has been keyed into the underlying low permeability unit or has
otherwise been excavated to the desired depth, that portion of the trench
is backfilled with a soil and clay mixture (soil-bentonite backfill mix) as
excavation of the trench continues. The process countinues until the wall
is complete. The result is a low permeability wall keyed into a low

permeability layer or carried to the desired depth.

The exteant to which the groundwater and soil characteristics will
influence the long-term integrity of the wall material can be investigated
by a variety of precomstruction tests. A properly designed and installed
slurry wall can be effective for many decades with little or no
maintenance. A high 1level of quality control 1is necessary during
construction to build an effective wall and a specialty contractor is

required.
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The typical capital cost of a soil-bentonite slurry wall is $9.00 to
$12.00 per square foot of wall area. A slurry wall at the Joslyn site
could be as much as 60 feet deep, which may require some excavation with a
crane and clamshell bucket. This is a much less efficient method than
using a backhoe. A unit cost of $11.00 per square foot of wall area was

used for cost estimating purposes in this investigation.

The vibrated beam method is another technology used to construct a
slurry wall. This is a proprietary technology that requires the use of a
special beam connected to a powerful vibrator. The beam is locked into a
guide frame for positioning and stabilized by a hydraulic foot that
provides guidance and aids in keeping the beam vertical. Slurry 1is
injected into the soil under pressure through nozzles located at the base
of the vibrating beam as the beam is pulled out of the ground. At the
completion of each panel, the vibrator and beam are moved along the wall
alignment and a new panel is constructed. The new panel is overlapped with
the previous panel to provide continuity. The method 1is reportedly
applicable to depths as great as 80 feet. Saturated loose granular soils
are best suited for the vibrated beam technology, although layers of clay
and silt can reportedly be penetrated without difficulty. Disadvantages of
the vibrated beam technology compared to the excavated trench technology
are 1) possible uncertainty about the continuity of the wall at depth and
2) the substantial variability in lateral penetfation of the slurry due to
the geotechnical properties of the soil into which the slurry is injected.

The cost of a vibrated beam slurry wall is usually quoted at about §9.00

per square foot of wall area. Although slightly less costly than the

excavated slurry wall technology, the vibrated beam technology is

considered less reliable and was not considered further.

Contaminated Soil Treatment

Solidification, incineration, composting, and conventional land
treatment technologies were evaluated for the on-site treatment of the

contaminated soil at the Joslyn site.
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® golidification =~ The objective of waste solidification is to create @
hard, stable mass either by surrounding the waste with a solidifying agent

or by mixing the waste with a solidifying agent toO form 2 chemically fixed
material. A number of proprietary and pon-proprietary solidification

® technologies have been commercially available for the last few years and
additional technologies are now in yarious stages of development. The
potential for using commercially available solidification rechnologies 0B

the contaminated soil at the Joslyn site is limited DY the unknown

® leachability of solidified wood treating wastes. Because commercial
suppliers of the available solidification technologies 1ack confidence in

the ability of the available processes to treat wood preserving wastes,

solidification is not congidered at this time toO be a technically feasible

@ method to treat the contaminated soil at the site and was not considered
further.
!
Oon-Site Tncineration =7 The burning of contaminated soil containing
o PAH compounds and pentachlorop‘nenol in an on-site incinerator is a

technically possible method of treatment. 1f the gemperature and the
retention time in the incinerator can be maintained at proper levels,
thermal degtruction of pentachlorophenol and PAH compounds will occur.
@ Because contaminated soil has a low BTU content, 2 supplemental fuel source
will be required. In addition, measures would-have to be incorporated into

the design of the incinerator to control the emissions of NOx, SOZ" HCL,

dioxins, and furans. A portable, eirculating bed incinerator was selected

® for evaluation. 1n this system, acid gas emissions are controlled by the
addition of granular 1jmestone toO the combustion chamber. Parti.c.:ulates are

removed from the flue gas by a baghouse filter. Emissions of WO, are low

because of the retention period achieved in the combustion chamber.

L J
The following assumptions were made tO estimate the cost of applying
this technology to the contaminated soil ‘at the Joslyn site?
® ] 40,000 cubic yards of contaminated soil would be incinerated
° the heating value of the contaminated soil would be negligible
o -
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o a heat input of 4 million BTU will be required per ton of

contaminated soil incinerated
o use of the incinerator would occur over a 24-mounth period

o the limestone requirement will be 20 percent of the waste inflow

{by weight)

0 ash from the incinerator will be wused as clean £fill in a

demolition landfill type of disposal on-site.

The feasibility of this option depends on receiving all mnecessary
permits and apﬁrovals to operate the incinerator. To obtain all needed
approvals, it will be necessary to demonstrate that the stack emissions
from the incinerator meet state and federal air pollution regulations. A
test burn will be required to demonstrate such compliance. The feasibility
of this option also depends on obtaining local acceptance of the

incineration of the contaminated soil on-gite.

The cost of incinerating the waste is estimated to be $250 per cubic
vard. This includes the cost to purchase and operate the incinerator,
perform test burns and pilot burms, secure permits, monitor during
incineration, and dispose of the ash on-site as clean fill. The cost of
this treatment technology used in this assessment is dependent upon the
production of an ash that meets the MPCA's criteria for disposal as an

on-site clean fill.

Composting -- Composting is a biological treatment process in which
aerobic thermophilie decomposition of organic compounds occurs. The

process is enhanced by maintaining moisture content, oxygen concentration,
carbon/nitrogen ratio, temperature and pH within recommended ranges. A
porous, stable material that is capable of sustaining biological
decomposition is produced by mixing bulking agents (recycled compost or
wood chips) and nutrients with the waste. Inoculation of the mixture with

a microbial population will likely be required.
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An extended aeration form of compost pile was assumed to minimize land
requirements for the composting operation. In this design, aercbic
conditions are maintained by drawing air through the piping network at the
base of the pile. This induces air to flow into the pile. The temperature

inside the pile can be controlled by adjusting the aeration rate.

The following design assumptions were used to evaluate the application

of composting technology to the contaminated soil at the Joslyn site:

* wood chips would be used as the bulking agent
* bulking agent to waste ratio of 1:l
' a l-year composting cycle will achieve 95 percent reduction of

pentachlorophencl and PAH compounds
. 4,000 cubic yards of <contaminated soil would be processed

annually (project life of 10 years)

) unprocessed waste would be stored in a temporary on-site vault

] an asphalt pad would be used to collect leachate and runoff

® nutrients would be added to the compost mixture

® the compost mixture would be inoculated with pentachlorophenol

and PAH acclimated bacteria

] the compost product would be used as topsoil for revegetation

on-site.

For this treatment technology to be used, the material prodﬁced by
this process must be able to be disposed of on-site as topsoil or clean
fill. No literature was féund on the composting of PAH and
pentachlorophenol contaminated soil, so a pilot study would be required to
evaluate the effectiveness of this technology in treating contaminated
soil. Because the feasibility of composting soils contaminated with PAH
compounds an& pentachlorophenol has not been demonstrated at this time,

this treatment technology was not be considered further.

Conventional Land Treatment =-- In conventional land treatment,

destruction of PCP and PAH compounds occurs through photo-oxidation and

biodegradation of excavated contaminated soil that has been applied to
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designated areas of the site. The applied waste is managed to maximize the
oxidation and degradation rates. Waste application rates would be limited

to minimize leaching of contaminants below the treatment zone.

Microbial assimilation of pentachlorophenol and PAH compounds can be

enhanced using the following management techniques:

. pH adjustment
. nutrient addition to maintaia the organic carboninitrogen:phos-

phorus ratio within a recommended range

. control of soil moisture
® substrate addition to increase microbial activity
® inoculation of the waste with pentachlorophenol and PAH

acclimated bacteria.

A pilot=scale study would be required to define the recommended

application rate and the optimum conditions for waste treatment.

State hazardous wasrte regulations would have to be followed 1in
designing and operating a land treatment system for wéstes containing
pentachlorophenol and PAH compounds. Under these regulations, all
transformation and degradation of waste constituents must occur within a
treatment zone which is limited to a maximum depth of 5 feet. In addition,
the minimum distance between the bottom of the treatment zone and the
seasonal high groundwater table must be 3 feet or more. Unsaturated zone
monitoring, including soil monitoring and soil-pore liquid monitoring would
be required immediately ©below the treatment =zome to verify that

contaminants are not leaching from the treatment zone,

Information on the effectiveness of the 1land treatment of
pentachlorophenol-contaminated wood treating waste was not identified.
Preliminary data were obtained from a demonstration study on the land
treatment of creosote waste at a wood treating facility in northera
Minnesota. A decrease in the concentrations of two-, three-, and the less

complex four-ring (fluoranthene, pyrene, and chrysene) PAH compounds was
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observed in data collected during the three-month period used in this
study. Degradation of more complex PAH compounds was not observed in this

study, but has been shown to occur in other work.

Although degradation of pentachlorophencl and certain PAH compounds
could be achieved using conventional land treatment at the Joslyn site, it
may be difficult to meet regulatory requirements concerning the treatment
zone at this site because of the high permeability and low adsorptive
capacity of the sand in the upper sand unit. Land treatment at the Joslyn

site was not given further consideration for this reason.

Off-5ite Commercially Available Facilities

The implications of recent changes to the Federal hazardous waste
legislation and regulations regarding the disposal of pentachlorophenol
wastes have made operators of commercially available hazardous waste
disposal facilities cautious aboutAaécepting these wastes. Changes to 40
CFR 261 and 264, (January 14, 1985 Federal Register) defined certain
pentachlorophenol wastes and contaminated soil as acutely hazardous. This
definition presently includes only manufacturing and not wood preserving
uses of pentachlorophenol; however, operators of hazardous waste facilities
fear that the definition might be expanded to include wood preserving
wastes. Waste defined as acutely hazardous can be managed only at a fully
permitted facility and not at facilities with interim permit status, Also
of significance to facility operators is that pentachlorophenol wastes are
a candidate for being banned from land disposal in two years. Facility
operators and regulatory agencies also recognize that pentachlorophenol
wastes contain dioxins. Facilities require extensive testing to define the
dioxin concentrations in a pentachlorophenol waste before the waste is
accepted for disposal. If dioxin is found in the waste, commercially
available facilities will be hesitant to accept the waste due to potential

regulatory and local opposition issues.

Qff-Site Land Disposal ~- Only one fully permitted hazardous waste

land disposal facility presently exists in the United States. Operators of

this facility, located in Arlington, Oregon, will reportedly not accept
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wastes from outside of the Pacific Northwest and Intermountain West. Land
disposal facilities with interim permit status which could accept the
contaminated soil from the Joslyn site are hesitant to commit to accepting
the waste. The unit costs for disposal of coantaminated soil in a secure
landfill range from $380 to $760 per cubic yard, with typical costs around
$600 per cubic yard. This includes the cost of testing, transportation,

and disposal.

The most significant problems associated with the off-site land
disposal of the contaminated soil are 1) the lack of willingness of such
facilities to commit to accepting the waste when it is excavated and 2)
the continued legal liability to Joslyn for the waste even after disposal
at an off-site facility. The continued liability issue is considered to be
greater than that associated with an on-site facility since Joslyn has no
control over the continued management of the waste at an off-site facility.
Based on the high cost, lack of reliability, and the added 1liability
associated with the use of an off-site land disposal facility, this option

was not congidered further.

Off-Site Incineration =-- As discussed previously, pentachlorophenol

and PAH compounds can be destroyed in an incinerator fitted with the
equipment and controls necessary to accomplish efficient destruction of the
waste. In discussions with technical representatives of a hazardous waste

incinerator in Chicago, it was learned that it 1is not practical to

commercially incinerate contaminated soil. The following reasons were
given:
. The large quantity of ash remaining after incineration will still

require disposal in a hazardous waste landfill unless the waste
can be delisted. It is typically not feasible to delist the ash
unless a very large quantity is being incinerated. The cost to
transport and dispose of the ash at a secure landfill greatly
increases the overall cost of incineration, making this option

impractical for contaminated soil.
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. A large alternate fuel source must be maintained to destroy
pentachlorophenol and PAH compounds because of the low Btu
content of the contaminated soil. Fuel costs make this

impractical.

In addition, soil contaminated with pentachlorophenol is likely to
also contain dioxin compounds and commercially available facilities are not

interested in wastes containing dioxins at the present time.

An estimate of the cost to 1incinerate soil contaminated with
pentachlorophenol and PAH compounds at a commercial facility is $1,000 per
ton if a facility can be found to accept the waste. This equates to $1,500
per cubic yard, at an assumed density of 1.5 toms per cubic yard. Based on
the lack of interest expressed in the waste by the available facilities,
future regulatory constraints on the incineration of pentachlorophenol
wastes from wood preserving, the probable need to manage the ash as a
hazardous waste or go through an expensive and time consuming delisting
process, and the high cost of off-site incineration, this technology was

not considered further.

Contaminated Surface Water Disposal

The contaminated surface water in Pond A should be discharged to the
sanitary sewer. The cost of such a discharge is expected to be on the
order of 31 per 1,000 gallons. If the quality of the water in Pond A is
unacceptable for direct- discharge to the sanitary sewer, pre-treatment
could be provided. The surface water c¢ould be batch-treated with a
flocculant at a cost of approximately $0.20/gallon. The sludge produced

would be managed with the contaminated soil at the site.
CONTAMINATED GROUNDWATER CONTROL TECHNOLOGIES

The following two remedial control technologies have been identified
for the contaminated shallow groundwater below and downgradient of the
site: 1) slurry wall containment and 2)  groundwater interception.
Groundwater interception options will necessitate disposal of the water
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either to surface waters or the sanitary sewer. In the case of a surface
water discharge, the need for treatment will depend on the quality of the
water removed by pumping, the point of discharge, and the
cost-effectiveness of technologies available to treat the discharge. In
the case of a discharge to the sewer system, the need for treatment will
depend on the quality of the pumped water, the rate of discharge,
Metropolitan Waste Control Commission (MWCC) rules regarding the discharge
and the cost-effectiveness of technologies to treat the discharge.
Different effluent limitations and, therefore, different treatment
technologies will 1likely apply to each discharge option. Much more
stringent effluent limitations will be applicable to a surface water

discharge than to a sanitary sewer discharge.

Slurry Wall Containment

Slurry walls are fixed underground barriers formed by pumping a slurry
(usually a cement or bentonite and water wmixture) into a treach as
excavation proceeds and backfilling the trench with a designed mix of low
permeability material. Cost and design considerations for slurry walls
were described previously in the portion of this section that describes
contaminated soil control technologies. Slurry wall contaiament systems
used for groundwater control are often covered with a low permeability cap
to minimize the recharge to the groundwater within the area surrounded by
the slurry wall. Cost and design considerations for several low
permeability caps are described in the portion of this section describing

contaminated soil control technologies.

An alternative to providing a cap over.the area surrounded by the
slurry wall would be to use pump-out wells or a similar technique to lower
the groundwater level in the area surrounded by the wall. Since only a
slight downward vertical groundwater gradient exists at the.Joslyn site,
maintaining a slightly lower groundwater level than presently exists within
the slurry wall containment area would result in an upward gradient at the
base of the wall. This would result in the confinement of all contaminated
groundwater within the slurry wall containment area, whether or not the

base of the slurry wall is keyed into a low permeability formation. Water
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removed from the interior of the contaiament area may have to be pretreated
prior to being discharged to the sanitary sewer or more completely treated
prior to discharge to surface waters. Several pretreatment and treatment

technologies are described in a latter portion of this section.

Groundwater Pump-Out

Groundwater pump-out wells or groundwater collection drains can be
used to remove contaminated groundwater from the upper sand aquifer. Such
a system would stop the further lateral migration of PAH compounds and
pentachlorophenol within the capture zone of the system, reduce the
vertical migration of organic compounds to the lower aquifer in the
immediate vicinity of the groundwater‘pump—out system by lowering the Qater
level in the upper aquifer, and eventually remove much of the contamination
upgradient of the wells or drains. The choice between a system of pump-out
wells or a system of drains will be made in final design if a groundwater

pump-out system is used.

Two groundwater interception systems were used in the various remedial
action plans evaluated in the feasibility assessment at the Joslyn site.
These systems are 1) a system of wells or drains in the upper sand aquifer
immediately downgradient of the areas of heaviest soil contamination on the
site and 2) a system of wells or drains in the upper sand aquifer
generally paralleling France Avenue near the downgradient boundary of the
site., The locations of these groundwater pump-out systems are shown in

Figure 22,

The anticipated pumping rates from the two groundwater pump~out
systems are 80 gallons per minute (gpm) from the system immediately
downgradient of the area of heaviest soil contamination on the site and 110
gpm from the system at the downgradient boundary of the site. The
anticipated capture zones for the two pump-out systems are shown in Figure

22.

The capital cost of the pump-out system iﬁmediately downgradient of
the areas of heaviest soil contamination soil on the site is estimated to
be $570,000 and the annual operating and maintenance cost of this system is

P -
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estimated to be $15,000 per year. The estimated capital cost of the
groundwater pump-out system located along the eastern boundary of the site
is also $570,000 and the annual operating and maintenance cost is estimated
to be $15,000 per year. The capital <cost includes furnishing and
installing the wells or drains, pumps, and piping. The annual operating
and maintenance cost includes electricity, monitoring prior tc treatment,
pump replacement, and reporting. Neither the capital nor the annual cost
includes any treatment of the water prior to discharge. The annual cost
assumes that the operation of the groundwater pump-out systems will not be
affected by iron floc, iron bacteria or other physical and biological
factors that could impair the performance of the system. The costs of the

two groundwater pump-out systems are summarized in Table 15.

Groundwater Treatment -- Surface Water Discharge

It is anticipated that contaminated groundwater removed from the upper
sand aquifer by a pump-out system would require rather extensive treatment
prior to discharge to surface waters. The feasibility and cost of several
potentially applicable treatment technologies was assessed using the

following design assumptions:

1) Flow Rate: The flow rate from the wvarious pump-out schemes
evaluated at the site could vary from a maximum of about 200 gpm
to a minimum of 80 gpm. A flow rate of 100 gpm was used in this
assessment to compare technologies and to provide a "first-cut"

unit cost for the assessment of remedial action plans.

2) Inflow Quality: The average quality of samples from Wells 113

and 2 located immediately downgradient of the former process area
and Pond A was selected as being representative of the quality of
groundwater rvemoved by the pump-out system located immediately
downgradient of the areas of heaviest soil contamination on the
site. The average quality of samples from Well 112 in the
eastern portion of the site divided by three was selected as
being representative of the quality of the groundwater removed by

the pump-out system located along the eastern boundary of the
, .
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site. A factor of three was applied to the quality of the water
from the well located near the center of the contaminant plume at
the location of the eastern boundary pump-out system to account
for the fact that the groundwater at the edges of the capture
zone of this pump-out system 1s anticipated to be significantly
lower in PAH compound and pentachlorophenol concentrations than
the groundwater at the well in the center of the plume. The
assumed quality of the discharge from each pump-out system is

gummarized in Table 16.

3) lLevel of Treatment: Groundwater discharged to surface water would

be required to meet the following effluent limitations:

- pentachlorophenol: 8 ug/L
- PAH compounds - List 1: 311 ug/L.

The pentachlorophenol criterion is ©based on the effluent
limitations in a recently issued NPDES permit ianvolving the
clean-up of groundwater at another wood preserving site and the
PAH criterion is based on the State of Minnesota's informal water

quality level for potentially carcinogenic PAH compounds.

Because of the stringent effluent requirements assumed for the
discharge of treated groundwater to surface waters, it is concluded that
the groundwater will need to be treated with activated carbon or filtration
and ozone/UV prior to discharge to surface waters. A number of
pretreatment technologies were evaluated to reduce the cost of carbon
treatment. Oil removal will be necessary from the discharge from the
pump-out system immediately downgradient of the most heavily contaminated

soil areas on-site.

The results of the investigations of several biological, chemical and
physical pretreatment processes are summarized in the following

paragraphs.
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Biological Treatment Processes == The available literature was

reviewed on the biodegradation of water containing pentachlorophenol and
PAH contaminated wood treating waste. Various laboratory studies have
verified that pentachlorophenol is biodegradable in aqueous systems (Kirch
and Etzel, 1973; Dust and Thompson, 1973). In addition, several studies
have documented the degradation of pentachlorophenol by soil microorganisms
(Suzuki and Nose, 1970; Watanabe and Hayashi, 1972, Watanabe, 1977). Only
two references were found describing -~ the biological treatment of
pentachlorophenol contaminated wood treating wastewater in pilot scale
systems (USEPA, 1976; Environment Canada, 1980). No literature studies
were identified describing the biodegradation of PAH compounds in wood

treating wastewaters.

The following critical factors that tend to limit the biological
degradation of pentachlorophenol and PAH compounds were identified in the

literature:

1) Nutrients —-- The low concentrations of nitrogen and phosphorus in
wood treating wastewater can limit the growth of wmicroorganisms
capable of assimilating pentachlorophenol. To increase microbial
activity, nitrogen and phosphorus may have to be added to the
water in sufficient quantities to maintain a BODS:nitrogen:

phosphorus ratio of 100:5:1 (WPCF, 1977).

2) Growth Inhibitors -- Organic compounds capable of inhibiting

microbial activity may be present in water contaminated with wood
preservatives. Although no single compound may be present at a
toxic concentration, the cumulative effect of several compounds

may be sufficient to limit microbial activity.

3) Acclimation Period -- The acclimation of a microbial community to

water contaminated by wood preservatives is necessary for the
organic compounds in the water to be treated. The acclimation
period is dependent upon the strength and composition of the

water.
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A treatability test, performed at the University of Minnesota using
contaminated water containing pentachlorophenol and PAH compounds from
another wood preserving site in Minnesota, demonstrated that biological
treatment is a technically viable wmeans of reducing PAH and
pentachlorophenol concentrations in wastewater. Assuming that the results
of a similar treatability investigation show that the biological treatment
of contaminated groundwater at the Joslyn site is technically feasible, the
following specific biological pretreatment processes thought to have

potential application at the site were evaluated:

1)  Activated Sludge

2)  Aerated Stabilization.
These processes are briefly described below.

Activated Sludge -- In the activated sludge process, a microbial
population capable of degrading organic compounds is maintained in an
aeration tank. The hydraulic detention time in the aeration tank may
vary from 4 to 24 hours, depending upon the activated sludge process
being used. Solids separation 1s accomplished in a clarifier, with
the collected sludge either returned to the aeration tank or removed
from the system for disposal. For treatment of waters having low
concentrations of nitrogen and phosphorus, nutrient addition may be
required to maintain the organic carbon:nitrogen:phosphorus ratio of
the mixed liquor at a level which will stimulate microbial activity.

Although pilot scale studies have demonstrated that pentachlorophenol
removal can be achieved by an activated sludge process (Enviromment
Canada, 1980), USEPA, 1976), insufficient data are available to derive
values for parameters necessary to design an activated sludge
pretreatment system for groundwater from the Joslyn site. The
composition and temperature of the contaminated groundwater at the
site is substantially different from the process water used in the two
pilot studies described in the literature. Because of the lack of
design information and the differences in wastewater composition, it
would be necessary to operate a pilot scale system at the wood
preserving site to determine values for critical design parameters.

Aerated Stabilization -- Microbial degradation of the waste occurs in
the aeration basin where aerobic conditions are sustained by surface
aerators. In addition, the aerators keep the water in the basin mixed
and the wmicrobial floc in suspension. In most applications, the
aerated basin is sized to provide a hydraulic detention time greater
than 10 days. Solids separation is accomplished in a clarifier.
Since sludge is not recycled back to the aeration basin, the solids
retention time of the system is equal to the hydraulic detention time.

~
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As with any other biological treatment process, nutrient addition may
be required to treat wastewater deficient in nitrogen and phosphorus.

Biological treatment processes for groundwater removed by the pump-out
system assumed at the Joslyn site would require a capital iavestment in
excess of $1,000,000 and require annual operating costs on the order of
$200,000 to $300,000 per year to maintain the treatment facility and manage
the sludge. The effluent would also require treatment with activated
carbon. In view of the other treatment technologies available, biological

treatment was dropped from further consideratiom.

Chemical Oxidation Processes =-- Chemical oxidation can also be used to

remove pentachlorophenol and PAH compounds from the contaminated
groundwater. Chemical oxidants which were investigated were hydrogen
peroxide, ozone and a combination of ozone and ultraviolet irradiation.
Although complete oxidation of the contaminants to carbon dioxide and water
will not be achieved, compounds may be formed which are easily removed by
other treatment processes. Lf chemical oxidation is evaluated in a pilot
study, samples should be analyzed for possible byproducts of the oxidation

reaction.

Ozone =-- Information in the literature indicates that ozone is an
effective oxidant for organic compounds. Bench scale tests on water
contaminated with pentachlorophenol and PAH have indicated that ozone
is effective at oxidizing pentachlorophenol in contaminated
groundwater. Based on the evidence from bench scale testing, a
conceptual design of an ozone pretreatment system consisting of an
ozone generator, air drier, mixing tank and contact tank was assumed.

Ozone is generated by passing dry air or oxygen between two high
voltage electrodes. Since . ozone is relatively unstable, it must be
produced on-site at the time of use. Ozone is a stromg oxidant that
reacts rapidly with many organic compounds.

The capital cost for a 100 gpm ozone pretreatment system is estimated
to be 5$400,000. The annual operating and maintenance cost for such a
system is estimated to be $120,000 per year.

Ozone-UV -- A wvariation of ozone oxidation is a process where a
combination of ozone and ultraviolet (UV) irradiation is used to
degrade organic compounds. In this process, the rate of degradation
is faster and the extent of oxidation more complete than with
ozonation alone. This is due in part to the cleavage of chemical
bonds by the high energy input introduced by UV irradiation. The
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estimated capital cost for a 100 gpm ozone-UV treatment system 1is
$1,000,000. The annual operating and maintenance cost for this system
is estimated to be $300,000 per year.

Hydrogen Peroxide -- Hydrogen peroxide is effective in oxidizing many
phenolic compounds under the proper conditions. Oxidation is
optimized at a pH between 2.5 and 4.5 when iron is used as a catalyst.
Bench scale studies are required to establish optimum operating
conditions.

A major disadvantage of this pretreatment process is the large volume
of sludge that will be generated during operation. It is estimated
that 6,000 1bs. per day of iron hydroxide/calcium carbonate sludge
would be produced under 100 gpm design conditions. This high volume of
sludge and the anticipated problems with its disposal make this
alternative not feasible,

Physical Treatment Processes -- Pentachlorophenol and PAH compounds

can be removed from groundwater by physical treatment processes. Using
these processes, contaminants are selectively removed based on their
physical properties. Physical treatment processes that were investigated
were carbon adsorption, wet-air oxidation, and oil removal. O0il removal
will be needed as a pretreatment step before any other treatment technology
for the discharge from the pump-out system immediately downgradient of the

contaminated soil areas on the site.

Carbon Adsorption -- In carbon adsorption treatment, a fixed bed of
granular activated carbon serves as the adsorption media. The system
could be operated as a downflow gravity system or as an upflow
pressure system. Depending upon the quality of water being treated,
backwash and surface washing capabilities may be required which would
necessitate a pressure system. Carbon adsorption wunits can be
operated as a single unit or combined in series or in parallel.

The efficiency of a carbon adsorption unit depends upon:

flow rate

column height

contaminant concentrations

pH

competition for adsorption sites by individual contaminants
affinity of the contaminant for the carbon surface.

The following conditions were assumed for full-scale design purposes:

fiow rate of 100 gpm

no pretreatment of contaminated groundwater except oil removal
four units (each containing 20,000 pounds GAC) in series

carbon burn rate of 3.7 pounds of GAC per 1,000 gallons treated.
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Based on these assumptions, the capital cost of a 100 gpm granular
activated carbon treatment system is estimated to be $470,000 and the
annual operating and maintenance cost is estimated to be $400,000 per
year.

Carbon treatment of wood preserving wastewater has recently become
less attractive than it was previously. Pentachlorophenol
contaminated soil and groundwater has been found to carry trace
concentrations of various dioxins and activated carbon suppliers are
refusing to regenerate the spent carbon. Alternate disposal methods
must then be found for the spent carbon. The available options
include on-site containment, on-site regeneration or disposal in a
fully permitted hazardous waste facility.

Wet—-Air Oxidation -- Wet-air oxidation is the oxidation of soluble
organic compounds by air, wunder pressure, at temperatures between
350°F and 700°F. The efficiency of the process is dependent upon the
quantity of air supplied and the temperature maintained. The treated
effluent, consisting of water, carbon dioxide, hydrochlorie acid,
organic acids and inert ash will require additional treatment prior to
discharge. According to a manufacturer of wet-air oxidation units,
the economic feasibility of this process is dependent on solids
content, volatile organic content, and the organic loading of the
waste to be treated. In general, wet-air oxidation can be feasible
for a waste containing 1 to 10 percent solids. The capital cost of a
unit capable of treating 55 mg/L COD at 10 gpm is approximately $2.45
million. The annual operating and maintenance cost is about $650,000
per year. Due to the relatively high capital and operating costs
required for a unit capable of treating groundwater contaminated with
pentachlorophenol and PAR compounds, this process was eliminated from
further consideration.

0il Removal -- 0il removal will be needed for the groundwater from the
pump-out system located near the areas of heavily contaminated soil on
the site prior to treatment by other treatment technologies. 0il
separation should be able to provide at least 50 percent removal of
the PAH compounds and pentachlorophenol from the water in the
digscharge from that pump-out system. 0il separation can be
accomplished with a gravity oil separator. The most typical design is
the American Petroleum Institute (API) separator. The features of
this separator include o0il skimming, sludge collection, and detention
times of 20 to 60 minutes to allow for the gravity separation of the
oil. 0il separation may be enhanced by the use of coagulants to
induce the coalescing of the oil particles.

0il screen filtration can also be used for oil removal. This method
will separate suspended oil from a liquid stream on the basis of
differential surface tension, The process has been successfully
applied to many types of oil water mixtures in o0il spill clean-up and
oil scavenger well applications. The applicability of the oil screen

technique on the oil-water mixture in the vicinity of the areas of’

most heavily contaminated soil on the site will require bench scale
and/or pilot scale testing prior to final design. The capital and

-
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operating costs for oil screen filtration is likely to be similar to
that of an API separator. The screens may also be used in addition to
an API separator to enhance oil removal, reduce the amount of water
contained in the oil waste, and thereby reduce the total cost of the
0il separation.

Additional features of an oil separation system include o0il handling
and storage facilities, sludge handling and storage facilities,
coagulant mixing tank, chemical handling equipment, automatic
controls, and a treatment building. The collected oil will have to be
disposed of, ©probably by incineration at a Thazardous waste
incinerator. The cily water should be collected so as to minimize the
amount of emulsification that occurs. If the oil is emulsified, a
de-emulsifier step will be needed, which will greatly increase costs.
The estimated capital cost of an oil removal system for a 100 gpm
discharge from the pump-out system located immediately downgradient of
the most contaminated areas on the site is $400,000. The estimated
annual operating and maintenance cost is $150,000 per year.

Summary -— The capital, annual oﬁerating and 30-year present worth
costs of the various groundwater treatment technologies available for a
surface water discharge of 100 gpm are compared in Table 17. It is
technically feasible but extremely expensive to treat the coantaminated
groundwater to a level suitable for discharge to surface waters. Given the
assumptions that were used in preparing the cost estimates, the long-term
costs for granular activated carbon alone and granular activated carbon
with ozone/UV pretreatment are about the same. From a practical
standpoint, if a surface water discharge is necessary, granular activated
carbon treatment should initially be used with oil separation. After the
groundwater pump-out wells and the granular activated carbon treatment
system are in place, a much better evaluation of the cost-effectiveness of
pretreatment could be made. With the pump-out system in place, there would
be a-good estimate of inflow quality and flow rate, both of which would

influence the cost-effectiveness of pretreatment.

Treatment of Contaminated Groundwater -- Sanitary Sewer Discharge

If permission can be obtained from the Metropolitan Waste Control
Commission {(MWCC), the groundwater removed from the upper sand aquifer
could beldischarged directly to the sanitary sewer without pretreatment.
Such direct discharges from groundwater contamination clean-up projects

have occurred in the past. The PAH compounds and pentachlorophenol in the
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groundwater below the site should be effectively removed at the MWCC metro
sewage treatment plant. Due to a change in policy or for some other
reason, pretreatment may be required for all or a portion of the water from
a groundwater pump-out system prior to the discharge of the groundwater to

the sanitary sewer.

For purposes of evaluating the cost and feasibility of various
pretreatment technologies applicable to a sanitary sewer system dischﬁrge,
it was assumed that the only pump-out system discharge that would require
pretreatment would be the discharge from the system located immediately
downgradient of the areas of heaviest soil contamination on the site. 0il
removal would probably be the only treatment technology investigated in the
preceding portion of this section that would be applicable to a sanitary

sewer discharge.

The estimated capital cost for the coustruction and startup of am oil ¢

removal system is $400,000. The annual operating and maintenance cost for

the 0il removal system is estimated to be $150,000 per year.

The annual operating and maintenance cost includes the cost of
discharging the groundwater to the sewer system. It was assumed that this
cost would be $1 per 1,000 gallons. This amounts to a cost of
approximately $50,000 per year for a discharge of 100 gpm. Bench testing
of the technologies would be needed to establish the effectiveness and to

define the design and operating parameters of such a system.

The costs for groundwater treatment are based on an assumed constant
inflow quality and flow rate. If a groundwater pump-out system is
installed, the concentrations of pentachlorophenol and PAH compounds as
well as the pumping rate from the system will likely decrease with time.
The decrease in concentrations and flow rate will result in lower annual
operating and maintenance costs for the treatment system and for the cost
of discharging to the sanitary sewer. Since 1t 1is not possible to
accurately estimate the time-rate of decrease in concentratioms or flow
rate, use of a fixed inflow concentration and flow rate is appropriate for
cost comparison purposes at this level of investigation.

MN-COMP-A 007825
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A significant issue with any groundwater pump-out system is the
likelihood that effluent limitations imposed by the regulatory agencies
(MPCA and MWCC) will change in the future. Possible changes to effluent
iimitations makes it difficult to plan for future operating costs and to

select the most cost-effective remedial action plan.
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SECTION &
ALTERNATIVE REMEDIAIL ACTION PLARS

INTRODUCTION

The remedial investigation in Section 2 of this report identified
contaminated soil in the former operating areas of the site and a plume of
contaminated groundwater in the upper portion of the upper aquifer
extending downgradient of the areas of contaminated soil. The remedial
investigation also identified the potential for the slow downward migration
of the PAH compounds and pentachlorophenol into a lower aquifer under the
site. This lower aquifer is cordnected to aquifers that are used by
residential wells in the vicinity of the site and municipal wells
regionally. No water supply aquifer has been affected by contaminants from
the site at this time. The contaminated soil at the site continues to
release PAH compounds and pentachlorophenol to the shallow groundwater and
the potential exists for the continued lateral and vertical migration of

these contaminants.

The technically feasible and potentially effective technologies
defined in Section 3 of this report are combined into several alternative
remedial action plans in this section. The alternative remedial action
plans defined in this section are grouped into three general levels of
control (degree of protection) over the contaminated soil and groundwater

contamination at the site. The general levels of control are as follows:

I. SOURCE CONTROL: Remedial action plans at this level of control
are designed to minimize the further release of contaminants to

the saturated zone.

- IT, SOURCE GROUNDWATER CONTROL: Remedial action plans at this
level of control are designed to minimize the further release
of contaminants to the saturated zone and minimize the further
migration of contaminated groundwater from the areas of

heaviest soil contamination on the site.
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IIT. SITE GROUNDWATER CONTROL: Remedial action plans at this level
of control are designed to minimize the further migration of

contaminated groundwater from the site.

The alternative remedial action plans within each level of control are
designed to provide similar levels of protection, although some differences
in effectiveness are apparent. The most cost-effective remedy for the site
balances the degree of protection appropriate to the site with the cost of

imposing that protection.

The remaining portion of this section provides a description,
effectiveness assessment, technical evaluation and cost estimate of a wide
range of possible remedial action plans for the site. The description of
each remedial action plan explains each of the major elements of the plan.
This description also summarizes the assumptions on which the cest estimate
and effectiveness assessment are based. The effectiveness assessment
evaluates the extent of clean-up that can be anticipated from the plan.
The technical evaluation of each remedial action plan discusses the plan's

reliability, constructability, implementation schedule, and site benefits.

“

Reliability is defined as the remedy's expected durability and
consistency of performance over time and under changing conditions.
Features that add to the remedy's effectiveness or to the ease of
monitoring are highlighted.

Constructability is defined as the need for special capabilities or
technology to implement the remedy, important techniques or practices
involved in the remedy, and any negative short-term environmental
impacts that are likely during implementation of the remedy. All
construction activities at the site have the potential to cause noise,
dust, odor and may temporarily interfere with use of the site adjacent
to the construction area. These impacts can be mitigated by
prohibiting noisy work during evenings and weekends, using dust and
odor control measures, and planning construction sequences to minimize
disruption to the neighbors and the existing use of the site. Release
of sediment to Twin Lakes during comnstruction can be minimized by
using standard erosion control measures such as temporary diking.
These impacts and mitigative measures are not described separately for
each remedial action plan.

Implementation schedule is a general estimate of the time required to
implement the remedial action plan once a remedy has been approved.
The implementation schedule includes the engineering design and
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construction of the remedial actions activities as well as a
reasonable time period to obtain necessary permits and approvals.
Delays due to agency approvals, public hearings, permitting, and
other administrative activities that could occur in the process of
gselecting and securing authorization to ‘implement the remedy are not
included in the implementation schedule. The estimated time needed to
construct & remedy assumes that the construction season begins April
15 and ends November 15.

Site benefits are the advantages gained from implementation of the
remedial action plan that are beyond the objectives of the remedy as
it is designed to function. Land use benefits are the primary site
benefits noted.

The cost estimates provide the estimated cost of engineering,
permitting, administration and construction of the remedial action plan in
January, 1986 dollars. Annual costs of operation and maintenance are also
included. The cost of future monitoring of the site is included in the
annual cost of operation and maintenance. Judgement was used to define a
level of future monitoring that would be consistent with the level of
protection provided by the remedial action plan. Annual costs are
converted to present worth cost using a 6 percent net interest rate and a
30-year time period. Annual costs for remedial action plans that are
expected to operate for time periods of less than 30 years, such as on-site
incineration, are converted to a present worth cost using a net interest
rate of 6 percent and the time period for which the remedy is anticipated
to operate. The present worth of the annual cost is added to the capital
cost of the remedial action to obtain the total 30-year present worth cost

of each remedial action.
I. SOURCE CONTROL ALTERNATIVES

The objective of the alternative remedial action plans designed to
achieve this level of protection is to minimize the further release of
contaminants to the saturated zone. Remedial action plan alternatives at
this 1level of control will result in the eventual improvement in the

quality of the groundwater due to dilution, dispersion, and attenuation.

The remedial action plans that are designed to provide this level of

protection are:

T,
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|\-AN—COMP-A 0078255

81 ‘



I.A. Site Grading - grading contaminated soil areas.

I.B. Capping - capping contaminated soil areas.

I.C. On-Site Vault - containment of contaminated soil.

I.D. On-Site Incineration - incineration of contaminated soil.

ALTERNATIVE I.A.: SITE GRADING

Description

The site grading altermative is designea to eliminate the presence of
contaminated soil and surface water at the ground surface. The important
elements of the site grading remedial action plan are shown in Figure 23.
Under this alternative, the water in Pond A would be discharged to the
sanitary sewer after any necessary pretreatment. Pond A would be filled
with soil from the surrounding dikes and the disturbed area would be graded
and revegetated. The depression ™in Area 5 on the site would be filled and
revegetated. A drainageway would be constructed to provide surface
drainage to the west from this area. All contaminated soil at the ground
surface would be covered with at least 1 foot of clean soil obtained from

an on~-site source.

Under this alternative, it was assumed that routine site monitoring
would consist of the quarterly monitoring of 15 upper aquifer wells and
five lower aquifer wells for PAH and phenolic compounds for a period of 30

years.

Effectiveness

Site grading will reduce but not eliminate the infiltration of
precipitation through the contaminated soil above the surface of the
saturated =zone. The contaminated soil on the site would continue to
release contaminants to the shallow groundwater, but the rate of
contaminant release would be less than it is now. Pond A and the former
process area of the site currently have no surface water drainage outlet.

Precipitation on these areas now evaporates or infiltrates to the upper
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aquifer. Grading will encourage runoff from these areas by establishing an
outlet and providing a sloped surface. It is estimated that grading will
reduce infiltration in these areas by 50 percent. If contaminant release
is proportional to infiltrationm, this will result in a 50 percent reduction
in contaminant release to the groundwater from the contaminated soils above
the saturated zone in these areas. No reduction in contaminant leaching
would occur under this alternative from contaminated soil located below the
groundwater table or above the groundwater in areas that are not graded.
No measurable reduction in the rate of lateral movement of contaminants
already in the groundwater is expected with this plan. No change is
expected in the potential for contaminant migration to the lower aquifer

under this plan.

Technical Evaluation

Reliability. Site grading is a low maintenance remedial action,
requiring only regular mowing and annual inspection. The sloped
ground surface enhances runoff and reduces infiltration for most
typical rainfall or snowmelt events. The need for maintenance or
improvement to the graded surface would be obvious by depressions or
ponding at the ground surface. The reliability of the remedy is high

provided that the grading and vegetation are maintained.

Constructability. The construction activities associated with this

alternative require standard construction techniques.

Implementation Schedule. It is anticipated that this alternative

could be constructed in three months during the comstruction season,
provided that a 2-month lead time is provided for engineering design

prior to the beginning of construction.

Site Benefits. The potential use of the site would be only slightly

enhanced by this remedial action. Contaminated soil would remain at
the site. Areas with contaminated soil could be developed for such

uses as open space, recreation, and parking since the soil would be
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covered by clean material, but such areas would generally not be

suitable for new construction.

Cost

The estimated cost of this remedial action is summarized in Table 18.
The total estimated capital cost is $290,000 and the estimated annual
operating and maintenance cost is $141,000 per year, which is primarily
site monitoring. The total 30-year present worth cost of this remedial

action is $2,240,000.

ATTERNATIVE I.B.: CAP CONTAMINATED SOIL

Description

This remedial action plan involves placing a low permeability cap over
all contaminated soil on the site. The important elements of this remedial

action plan are shown in Figure 24,

The multi-layer cap or the 100 mil synthetic membrane cap described in
the previous section of this report was assumed in this alternative. The
cap would be sloped to promote drainage. A drainageway would be cut to the

west to promote surface water drainage from the capped area.

The contaminated soil in the portion of the site not covered by the
cap shown in Figure 24 would be excavated and placed under the cap. It is
estimated that 18,000 cubic yards of contaminated soil, including 8,000
cubic yards from below the surface of the saturated zone in the vicinity of
Ponds A and B, would be excavated and moved under the cap. Groundwater
encountered during excavation of the contaminated soil would be discharged
to the sanitary sewer after pretreatment. Sludge generated by pretreatment
would be dewatered and placed beneath the cap. The surface water in Pond A
would be discharged to the sanitary sewer before excavation of the

contaminated soil in Pond A.
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As with the previous alternative, it was assumed that routine site
monitoring would consist of the quarterly monitoring of 15 upper aquifer

wells and five lower aquifer wells for PAH and phenolic compounds for a

- period of 30 years.

Effectiveness

It is anticipated that capping will reduce infiltration of
precipitation through the contaminated soil above the saturated zone by
more than 90 percent, from an estimated 10 inches per year to less than 1
inch per year. If contaminant leaching is proportional to infiltration,
capping will result ia about a 90 percent reduction in contaminant release
to the groundwater from the countaminated soil above the saturated zone.

Thus, this remedial action plan would be significantly more effective in

_minimizing the further release of contaminants to the upper aquifer than

would the previous alternatiye. In addition, contaminated groundwater
encountered during excavation of contaminated soil outside the capped area
would be removed which makes this alternative more effective than capping.
Leaching from the contaminated soil located below the groundwater table in
the capped area will be unaffected under this plan. A reduction in the
concentrations of PAH compounds and pentachlorophencl in the groundwater
beneath and downgradient of the site can be expected over the long-term
with this alternative. Accurate predictions cannot be made of the rate of
improvement in groundwater quality due to the cap. Excavation activities
may mobilize some PAH compounds and pentachlorophenol, resulting in a
temporary increase in groundwater contaminant concentrations immediately
downgradient of the excavation areas. No change 1is expected in the
potential for contaminant migration to the lower aquifer under this
alternative in the short-term, however, over the long term a reduction in
vertical contaminant migration can be expected as the quality of the upper

aquifer improves due to dilution, dispersion and attenuation.

Technical Evaluation

Reliability. A cap is a reliable long-term, low-maintenance cover for

‘the contaminated soils. The cap material, whether synthetic membrane
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or clay would be resistant to attack by contaminated soil. The cap
cannot be expected to eliminate all infiltration through the soil, but
will achieve a substantial reduction in leachate production even with
imperfections and some loss of integrity with time, Annual inspection
and regular maintenance of the cover over the cap will improve the
long-term reliability of the cap. It is difficult to determine that a
cap is functioning correctly and a major flaw in construction could
sefiously reduce the cap's effectiveness., Monitoring the groundwater
around the cap will not be useful in defining the cap's effectiveness
because the wunderlying groundwater 1s contaminated before cap

placement.

Constructability. Cap construction 1is unusual in the heavy

construction industry, but does not require a specialized contractor.
Care and attention to detail must be paid when placing and covering
the synthetic membrane. Any necessary pretreatment of contaminated
water from Pond A or groundwater removed during excavation of
contaminated soil is also wunusual in construction. The other

congtruction activities require standard construction techniques.

Implementation Schedule. It is anticipated that this remedial actiom

plan could be constructed in one construction season, provided that a
lead time of 4 months is allowed for engineering design and related

field work prior to the beginning of the construction season.

Site Benefits. The potential use of the site would be substantially

enhanced by this remedial action plan. The majority of the site would
be cleared of contaminated soil which could interfere with site use.

The capped area would be usable as open space, recreation or parking.
Cost

The estimated cost of this alternative is summarized in Table 19. The
total estimated capital cost is $1,110,000 and the total estimated annual
operating and maintenance cost is $141,000, for a total 30-year present
worth cost of $3,060,000. |
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ALTERNATIVE I.C.: ON-SITE VAULT

Description

This remedial action plan involves excavating all contaminated soil on
the site and placing the soil into a secure containment vault constructed
on-site. The key elements of this remedial action plan are shown in Figure
25.

The vault would be constructed with a double liner and leachate
collection/detection systems as described in Section 3 of this report. The
vault would be designed to coantain 40,000 cubic yards of contaminated soil,
but could be made larger or smaller depending on the volume of

contaminated soil actually encountered.

All contaminated soil would be excavated and placed in the vault. The
estimated volume of contaminated soil includes 15,000 cubic vyards
anticipated to exist below the surface of the saturated =zone in the
vicinity of Ponds A and B and in Areas 4, 5, and 6. Contaminated
groundwater encountered during excavation in these areas would be
discharged to the sanitary sewer after any necessary pretreatment. Any
sludge generated during pretreatment would be placed in the wvault. The
surface water in Pond A would be discharged to the sanitary sewer after any

necessary pretreatment.

The routine site groundwater monitoring program assumed £for the

previous alternatives {quarterly sampling of 15 upper aquifer wells and

five lower aquifer wells) was assumed for the first 10 years following
e "

implementation of this alternative. After 10 years of monitoring, it was

assumed that semi-annual monitoring of the same number of wells would be

required for the next 10 years and that annual monitoring of the same wells

—————

would be required for the ;inal 10 _years of the 30-year period. The
monitoring program assumed for the vault is described in the assessment of

this technology in Section 3 of this report.
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Effectiveness

The wvault will provide effective containment of the excavated
contaminated soil and would eliminate the release of contaminants from the
contaminated soil on the site. Any infiltration penetrating the vault cap
would be collected in the internal leachate collection system. The removal
and disposal of contaminated groundwater during excavation of contaﬁlnated
soil from below the surface of the saturated zone will also remove a

significant source of contamination. The coatrol of the contaminant

sources under this plan is complete enough that some reduction in PAH and

pentachlorophenol concentrations in the groundwater in the contaminated
\._/-——‘_-—_—“"—-——.--—__.

areas_of the site can be anticipated within a 5-year period. As with the
e P y P

other plans involving the excavation of contaminated soil, excavation may
mobilize some contaminants resulting in a temporary increase in groundwater
contaminant concentrations in the excavation area. The long-term potential
for contaminant migration to lower aquifers would be reduced due to the
reduced concentrations of contaminants in the upper sand aquifer. This
remedial action plan is considered more effective than the capping
alternative since the contaminated soil and a portion of the contaminated

groundwater is removed from below the surface of the saturated zone.

Technical Evaluation

Reliability. A vault is a long-term, low-maintenance container for
the contaminated soil. The liners used in the cap and bottom-liner
would be resistant to attack by the chemicals in the contaminated
soil. The leachate collection system will minimize the accumulation
of liquid in the vault. Annual inspection and regular maintenance of
the vault cap will help prolong the life of the cap. Monitoring of
the leachate collection system and the leak detection system can be
used to assess the vault's integrity,. Monitoring of tﬁe groundwater
around the wvault will not be helpful in eyaluating the wvault's
effectiveness, because that groundwater is likely contaminated before

vault construction.
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Constructability. Vault conmstruction is unusual in the construction

industry, but does not require a specialized contractor. Care and
attention to detail must be paid when placing and constructing the
liner and capping systems. The other comstruction activities require

standard construction techniques.

Implementation Schedule. It is anticipated that this alternative

could be constructed in one construction season, provided that a lead
time of 4 months is provided for engineering design and related field
activities prior to the beginning of construction. Implementation
could be delayed by difficulties in obtaining local acceptance for the

long-term containment of the contaminated soil on-site.

Site Benefits. The potential land use of the site will be

substantially enhanced by this remedial action. The site would be
cleared of contaminated soil which might interfere with further site
use. The vault area would be surrounded by a fence and would likely
not be usable unless a special vault design is used to accommodate

development.
Cost

The estimated cost of this alternative is summarized in Table 20. The
total estimated capital cost is $3,250,000, the total estimated annual
operating and maintenance cost is $162,000 for the first 10 years, $114,000
for the next 10 years, and $90,000 for the final 10 years of the 30-year
period. The total 30-year present worth cost of this alternative is

$5,140,000.

ALTERNATIVE I.D.: ON-SITE INCINERATION

Description

This remedial action plan involves the excavation and on-site
incineration of all contaminated soil on the site. The key elements in
this remedial action plan are shown in Figure 26. The incinerator would be
Fooo T T
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a portable facility which would be removed from the site upon completion of
the project. The incinerator that was evaluated in this investigation is
capable of processing 5 tons of contaminated soil per hour. It was assumed
that the residual ash from the incineration of the contaminated soil would
be used as clean fill on-site. Contaminated soil awaiting incineratiom
would be stored on a temporary pad with a low permeability base and covered
with a synthetic membrane. Any leachate collected from the pad would be

treated if necessary and discharged to the sanitary sewer.

It is anticipated that all 40,000 cubic yards of contaminated soil
would be excavated. Groundwater encountered during excavation would be
pretreated as necessary and discharged to the sanitary sewer. The surface
water in Pond A would be discharged to the sanitary sewer, after any

necessary pretreatmeut.

The same routine site groundwater monitoring program assumed for the
on-site vault alternative (Alternative I.C.) was assumed for this option.
The monitoring program assumed for the incinerator is described in the

assessment of this technology in Section 3 of this report.

Effectiveness

Incineration provides complete destruction of contaminants in the
soil, thus eliminating the future source of contaminants to the
groundwater. A reduction in the concentration of contaminants in the
groundwater equal to that achieved under the on-site wvault alternative is
expected. As with the other alternatives involving excavation, excavation
may mobilize some contaminants that would not otherwise have been
mobilized, resulting in a temporary increase in groundwater contaminant
concentrations downgradient of the excavation areas. The long-term
potential for contaminant migration to lower aquifers would be reduced with
this plan due to the reduced concentrations of contaminants in the upper
aquifer. The effectiveness of this alternative is considered equivalent to

the effectiveness of the on-site vault (Alternative I.C.).
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Technical Evaluation

Reliability. An incinerator is a dependable technology for destroying
the contaminants at the site. Performance can be réasonably assumed
by the temperature and residence time in the combustion chamber and
monitored by testing samples of the incinerated material and the

incinerator emissions.

Constructability. The incinerator 1is supplied by a vendor who

installs and tests the equipment, runs pilot tests to assure that
required destruction efficiencies and air emission standards can be
met, and trains an operator to operate the incinerator. The other

construction activities associated with this remedial action plan can

be completed with standard comstruction techniques.

The operation of the incinerator may cause some noise but should not
cause dust or odors. Proper siting and screening of the equipment can
reduce the disruption to neighbors. If noise levels or other aspects
of the incinerator are found to be disruptive, additional mitigative

measures are available.

Implementation Schedule. It is anticipated that this alternative

could be implemented in two years and completed in four years,
provided delivery of an incinerator, pilot testing and approvals to
dispose of the incinerated soil can be completed in one year. The
incineration of the waste would require two years at a rate of 20,000
cubic yards per year. This alternative has more risk than the
previous alternmative that the implementation schedule could be delayed
by the time needed to secure necessary approvals, permits,
authorization for the operation of the incinerator, and on-site

disposal of the incinerated soils.

Site Benefits. The potential use of the site will be greatly enhanced

by this remedial action. The site would be clear of contaminated soil
which might interfere with site use. Once the incinerator has been

removed, use of the site would not be restricted by soil contamination
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or by any long-term containment facility. This remedy also eliminates
any ‘risks associated with the long-term containment ~of the

contaminated soil on-site.
Cost

The -estimated cost of this alternative is shown in Table 21. The
total estimated capital cost is $10,600,000 and the total estimated annual
operating and maintenance cost is $134,000 for the first 10 years, $86,000
for the next 10 years, and $62,000 for the final 10 years of the 30-year
period. The total 30-year present worth cost of this alternative 1is
$12,080,000. The cost of operating and monitoring of the incinerator and
disposing of the ash on-site are shown as a Z—yéar total in Table 21. This
cost was treated as a first year total, and was not adjusted by a present
worth calculation. The cost of incineration will increase substantially if

the incinerated soil cannot be disposed of on-site as clean fill.
IL. SOURCE GROUNDWATER CONTROL

The objective of the alternative remedial action plans designed to
achieve this level of protection is to isolate contaminated soil and
groundwater in the areas of heaviest soil and groundwater contamination on
the site from the other portions of the site. This isolation will greatly
reduce the movement of contaminants from the areas of heaviest
contamination on-site and eventually slow the lateral and vertical spread

of the contaminated groundwater outside the limits of the remedy.

The remedial actions plans that are designed to provide this level of

protection are;
IT.A. Slurry Wall Containment

IT.B. Cap and Source Groundwater Pump—-Out System

I1.C. Vault and Source Groundwater Pump-Out System
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ALTERNATIVE II.A.: SLURRY WALL CONTAINMENT

Description

This remedial action plan involves placing a slurry wall around the
areas of heaviest soil and groundwater contamination on the site,
excavating any contaminated soil identified outside the area surrounded by
the slurry wall, placing the contaminated soil inside the slurry wall
containment area, and capping the containment area. The alignment of the

slurry wall used in this assessment is shown in Figure 27.

The slurry wall shown in Figure 27 surrounds the contaminated soil in

Areas 5 and 6 and extends from the ground surface to a depth of

approximately 60 feet. The area surrounded by the slurry wall would be

capped with a low permeability membrane. It is anticipated that the slurry
wall will be keyed into the middle confining unit along its entire length.
Groundwater would be pumped from the containment area at a rate necessary
to depress the groundwater surface inside the containment area to a level
below the groundwater level outside the containment area. The primary
objective of this interior pump-out system is to minimize the vertical
migration of contaminants from the containment area. The groundwater
removed from the containment area would be discharged to the sanitary
sewer, after any necessary pretreatment. Ir was assumed that oil removal
would be required as a pretreatment step prior to discharge of the water to

the sanitary sewer.

It is estimated that 22,000 cubic yards of contaminated soil would
need to be excavated and placed within the containment area. This includes
9,000 cubic yards from below the surface of the saturated zone in the
vicinity of Ponds A and B and in Area 4. Contaminated groundwater
encountered during excavation of contaminated soil would be discharged to

the sanitary sewer after any necessary pretreatment.

The game level of routine site groundwater monitoring assumed for the

on~site vault (Altermative I.C.) and on-site incineration (Alternative
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I.D.) was assumed for this alternative. In addition, quarterly monitoring
of water levels within the slurry wall containment area and quarterly

monitoring of the discharge to the sanitary sewer system was assumed.

Effectiveness

A slurry wall and cap will provide effective control of the
contaminated soil and groundwater inside the containment area. The cap
over the slurry wall containment area can be expected to reduce
infiltration through the contaminated soil above the water table in the
containment area by more than 90 percent. Lowering the groundwater level
inside the containment area below the groundwater 1level outside the

containment area will effectively stop any vertical migration of

contaminants in the containment area to the lower aquifer as well as any
leakage of contaminated groundwater through the slurry wall.
Implementation of this option will also lead to a reduction in the
concentrations of contaminants in the groundwater outside the countainment
area. This will occur initially as contaminated groundwater is removed
during excavation of the contaminated soil and over the long-term as the

leaching from contaminated soil is reduced.

Technical Evaluation

Reliability. A slurry wall is a durable, maintenance-free barrier to
groundwater flow. The slurry is designed to be resistant to the
contaminants being contained. Containment can be assured by
maintaining an inward hydraulic gradient across the slurry wall.
Capping the slurry wall containment area will wvirtually eliminate
leaching of further contaminants from the unsaturated zonme within the
containment area. Annual inspection and regular maintenance, of the
cap and the monitoring of water levels within the area surrounded by
the slurry wall will monitor the effectiveness of the containment
system. A major defect in slurry mix design or construction would
impair the containment system's reliability, although the

effectiveness of the system could still be maintained by depressing
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the groundwater surface within the contaimment area with additional

pumping.

Constructability. Slurry wall construction is a specialized field in

the construction industry. Qualified, experienced contractors are
capable of constructing a slurry wall that will meet the requirements
of this remedial action alternative. Special equipment will be
necegsary. Placement of the synthetic membrane is also a specialized
activity requiring care and thoroughness to assure continuous coverage

without punctures, tears, or other faults.

Implementation Schedule. It is anticipated that this alternative

could be constructed in one construction season, provided that a lead
time of 6 months is provided for engineering design and any necessary
field investigations prior to the beginning of the construction
season. Implementation could be delayed by difficulties in obtaining

approval to discharge groundwater to the sewer system.

Site Benefits. The potential use of the site would be substantially

enhanced by this remedial action. Most of the site would be clear of
contaminated soil which might interfere with site use. The exception
would be the area surrounded by the slurry wall which would be usable
as open space, parking or recreation. This area could also be made
suitable for building construction with & specially designed slurry

wall and cap.

Cost

The estimated cost of this alternative is summarized in Table 22. The
total estimated capital cost is $2,090,000, The total estimated annual
operating and maintenance cost is $169,000 for the first 10 years, $121,000
for the next 10 years and $97,000 for the final 10 years of the 30-year
period, These costs could increase substantially if further pretreatment
of the groundwater than was assumed in this assessment is required prior

to discharge to the sanitary sewer of the water pumped from the containment
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area. The total 30-year present worth cost of this alternative is

$4,070,000.

ALTERNATIVE II.B.: CAP AND SOQURCE GROUNDWATER PUMP-OUT SYSTEM

Description

This remedial action plan involves use of a cap over the contaminated
soil (Alternative T.B.) and a groundwater pump-out system to remove
contaminated groundwater immediately downgradient of the areas of greatest
soil and groundwater contamination on the site. The key elements in the

cap and source groundwater pump-out system alternative are shown in Figure
28.

As described in the technical description of Alternative I.B., the cap
assumed in the evaluation is a 100 mil synthetic membrane with covering
soil or a multi-layer cap. The cap would be graded to promote drainage. A
drainageway would be cut to carry surface drainage to the west. The
contaminated soil from the site would be excavated and placed under the
cap. Groundwater encountered during excavation would be discharged to the

sanitary sewer after any necessary pretreatment.

A series of shallow wells or collector drains and sumps would be used
to collect contaminated groundwater in the upper aquifer immediately
downgradient of the former process area and Pond A on the site. The
capture zone of the groundwater pump-out system is shown in Figure 28 and
includes the portion of the site from Pond A on the north to the former
process area on the south. The groundwater removed by the pump—éht system
would be discharged to the sanitary sewer, after any necessary
pretreatment. Pretreatment by o0il separation was assumed for cost

estimating purposes in this assessment.

The same level of routine site groundwater and discharge monitoring
that was assumed for Alternative I.C. and I.D. was assumed for this

alternative.
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Effectiveness

As discussed in Alternative I.B., the capping of the contaminated soil
will substantially reduce the release of additional PAH compounds and
pentachlorophenol from the contaminated soil located above the surface of
the saturated zone. The continued leaching from contaminated soil located
below the surface of the saturated zone will not be reduced by capping.
The source groundwater pump-out system downgradient of the areas of
greatest soil and groundwater contamination on the site significantly
improves the effectiveness of the remedial action over that of the cap
alone by intercepting additional contamination that is released from the
contaminated soil below the satﬁrated zone beneath the cap. The
groundwater pump-out system will also collect the contaminants now in the
groundwater. Contaminants that have already moved downgradient of the
pump-out system will be isolated from the sources of contamination and the
downgradient concentratioms will eventually decrease. The potential for
contaminant migration from the areas of greatest soil contamination to the
lower aquifers will be reduced due to the reduction in the further release
of contaminants, the reduced concentrations of contaminants in the upper
aquifer, and the reduced downward gradient due to the lowering of water
levels in the wvicinity of the pump-out system. This alternative is
considered to be slightly less effective than the slurry wall containment
alternative (Alternative II.A.), due to the expected greater vertical
leakage that would occur to the lower aquifer under this alternative in

comparison to Alternative II.A.

Technical Evaluation

Reliability. The reliability of the cap over the contaminated soil is

described in the evaluation of Alternative I.B. The reliability of the
source groundwater pump-out system depends on the long-term’
performance of the drains or wells and the long-term availability of
the sanitary sewer as the discharge location at a reasonable cost.
The pumping system is subject to temporary breakdown due to power

failure, accidental disruption or inadequate maintenance. Temporary
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shutdown of the groundwater pump-out system, however, will not reduce
the system's reliability because of the relatively long time required
for the aquifer to respond to altered conditions. Long-term shutdown
of the pump-out system should be avoided by proper maintenance and
inspection, although iron bacteria, iron floc, or sediment can cause
plugging and loss of efficiency in groundwater pump-out system. The
proper functioning of the system can be verified by the monitoring of

groundwater levels.

Constructability. The construction of a low permeability cap is

unusual in the construction industry, but does not require specialized
contractors. Care and attention to detail must be paid when placing
and covering the synthetic membrane. Comstruction of a drain below
the surface of the saturated zone will be difficult in the fine sands
at the site. The other activities associated with this alternative

can be completed with standard construction skills.

Implementation Schedule. It is anticipated that this alternative can

be constructed in one season, provided that a lead time of 4 months is
provided for engineering design and related field investigations prior
to the beginning of the construction season. Implementation may be
delayed by the time needed to secure approvals for the long-term

discharge of groundwater to the sanitary sewer system.

Site Benefits. The potential use of the site would be substantially

enhanced by this remedial action. The site would be clear of waste
which might interfere with site use except at the cap location. The
capped area would be usable as open space or could be developed for
recreation or parking. The locations of needed groundwater pump-out
facilities would be determined so that site improvement could be

planned around these facilities.
Cost

The estimated cost of this alternative is shown in Table 23. The

total estimated capital cost is $1,940,000 and the total estimated annual
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operating and maintenance cost is $439,000 during the first 10 years,
$391,000 during the neit 10 years, and $367,000 during the final 10 years
of the 30-year period. These costs could increase substantially if further
pretreatment of the groundwater than was assumed in this assessment is
required prior to discharge to the sanitary sewer. The total 30-year

present worth cost of this alternmative is $7,630,000.

ALTERNATIVE II.C. ON-SITE VAULT AND SOURCE GROUNDWATER PUMP-OUT SYSTEM

Description

This remedial action involves construction of an on-site vault for all
contaminated soil on-site (Alternative I1.C.) and construction of a
groundwater pump-out system to remove contaminated groundwater immediately
downgradient of the areas of greatest soil and groundwater contamination on
the site. The groundwater pump-out system used in this alternative 1is
smaller than the system assumed in the previous alternative (Alternative
I1I.B.). The Pond A area is not included in the capture =zone of the
groundwater pump-out system since all contaminated soil and much of the
contaminated groundwater will be removed from the Pond A area umnder this
alternative, The key elements of the vault and source groundwater pump-out

system alternative are shown in Figure 29.

'The vault would have a double liner and leachate collection/detection
system as described in Section 3 and Alternative I.C. in this section. The
vault would be designed to contain 40,000 cubic yards of contaminated soil
and could be enlarged or reduced in size depending on the volume of
contaminated soil actually encountered. Contaminated soil from the site
would be excavated and placed in the vault. Groundwater encountered during
excavation would be discharged to the sanitary sewer after any necessary

pretreatment.

A series of shallow wells or drains and sumps would be placed across
the contaminated groundwater plume immediately downgradient of the former
process area of the site. The former process area will be the area of

greatest remaining soil and groundwater contamination on the site after
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excavation of the contaminated soil from the Pond A area. The effluent
would be discharged to the sanitary sewer after any necessary pretreatment.
It was assumed that oil removal would be necessary for pretreatment. The
same level of monitoring assumed for the previous alternative (Alternative

II.B.) was assumed in this alternative.

Effectiveness

The effectiveness of the on-site vault is described in Alternative
I.C. The vault would provide effective containment for the excavated
contaminated soil and would eliminate the release of contaminants from

contaminated soils on the site.

The  groundwater  pump-out system will intercept contaminated
groundwater immediately downgradient of the major remaining area of
contaminated soil and groundwater on the site thus minimizing the migration
of contaminants. The potential for contaminant migration to the lower
aquifers will be significantly reduced due to the containment of the
source, the reduced contaminant concentrations in the upper sand aquifer,
and the reduced downward gradient due to the interception system. The
effectiveness of this alternative 1is considered to be similar to the
effectiveness of the previous alternative (Alternative II1.B.) and slightly
less effective than Alternative TII.A. The vertical migration of
contaminants under this alternative is anticipated to be similar to the
vertical migration under Alternative II.B. and slightly greater than that

under Alternative IT.A.

Technical Evaluation

Reliability. The reliability of an on-site vault is described in the
evaluation of Alternative I.B. A vault is considered a long-term,
low-maintenance container for contaminated solids. The leak detection
system will help wverify the vault's effectiveness. The source
groundwater pump-out system downgradient of the vault will improve the

already high reliability of the vault by intercepting any leaks.
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The reliability of the source groundwater pump-out system is described
in the evaluation of Alternative II.B. The proper functioning of the
groundwater pump-out system will be verified by monitoring groundwater

levels upgradient and downgradient of the system.

Constructability. Vault «construction is wunusuval in the heavy

construction industry, but does not require specialized contractors.
Care and attention to detail must be used when placing and covering

the membranes and fabrics of the liner systems.

Implementation Schedule. It is anticipated that this alternative

could be constructed in one construction season, provided that a lead
time of 4 months is provided for .engineering design and related field
investigations prior to the beginning of the construction season.
Implementation may be delayed by the time necessary to secure approval

to continuously discharge groundwater to the sewer system.

Site Benefits. The site benefits of the vault are described in the

evaluation of Alternative I.B. The site benefits of the source
groundwater pump-out system are described in the évaluation of
Alternative II.B. The site benefits of the two remedial actions are
additive. Future use of the site will be substantially enhanced with
this alternative. The 1locations of needed groundwater pump-out
facilities would be determined so that site improvement could be

planned around these facilities.
Cost

The estimated cost of this alternative is summarized in Table 24. The
total estimated capital cost is $3,900,000 and the total estimated annual
operating and maintenance cost is $370,000 for the first 10 years, $322,000
for the next 10 years, and $298,000 for the final 10 years of the 30-year
period. These costs could increase substantially if further pretreatment
of the contaminated groundwater than assumed in this assessment is required
prior to discharge to the sewer system. The total 30-year present worth

cost of this alternative is $8,620,000.
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IfI. SITE GROUNDWATER CONTROL

The objective of the alternative remedial action plans designed to
achieve this level of protection is to contain contaminated groundwater
on-site. With implementation of the remedial action plans designed to
achieve this level of control, the 1low concentrations of PAH and
pentachlorophenol that have previously migrated off-site will gradually
move to the east and disperse. Future increases in off-site concentrations

of PAH and pentachlorophenol in the shallow groundwater will not occur.

The remedial action plans that are designed to provide this level of

protection are:

ITI.A. Groundwater Plume Pump-Out

IT1.B. Groundwater Plume Containment with Slurry Wall

ALTERNATIVE ITI.A.: GROUNDWATER PLUME PUMP-QUT

Description

This alternative involves collecting and removing the contaminated
groundwater plume along France Avenue North at the eastern site boundary
and intercepting groundwater immediately downgradient of the most heavily
contaminated areas on the site. The alignment of the groundwater pump-out

systems assumed in this assessment are shown in Figure 30.

The groundwater pump-out system immediately downgradient of the areas
of heaviest soil and groundwater contamination is the same as that assumed
in Alternative IT.B., An 800-foot long drain or shallow well system will
also be used to intercept contaminated groundwater in the upper sand
aquifer along France Avenue North im this alternative. The estimated

pumping rate of 190 gpm from these two systems results in the capture zone

shown in Figure 30. Groundwater removed by the two systems will be
discharged to the sanitary sewer. It is anticipated that pretreatment
-~ - - .
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consisting of o0il removal will be necessary = for the water removed from
system downgradient of the containment sources, but not for the water

removed by the system at the eastern site boundary.

In addition to the construction of the two groundwater pump-out
systems, the water in Pond A would be discharged to the sanitary sewer.
Pond A would be filled with material from the surrounding dikes, the
disturbed area would be covered with soil and revegetated, and the site
would be graded as described in Alternative I.A. The depression in Area 5
would be filled and revegetated, and a drainageway would be constructed to

provide surface drainage toward the west.

The routine site groundwater monitoring program assumed for
Alternatives I1.C. and I.D., and I1I.A through II.C. was used for this
alternative. In addition, it was assumed that the discharge to the

sanitary sewer would be monitored quarterly.

Effectiveness

This alternative will effectively intercept the contaminated
groundwater 1in the upper aquifer near the downgradient property boundary.
The use of a pump-out system immediately downgradient of the most heavily
contaminated areas on the site will help minimize the vertical migration of
contaminants that would otherwise occur if only the pump-out system at the
eastern site boundary is used. Since the low concentrations of PAH
compounds and pentachlorophenol that have migrated downgradient of the site
will be isolated from the higher concentrations of contamingnts on-site,
the downgradient concentrations will decrease with time. The potential for
contaminant migration to the lower aquifer will be reduced because of the
removal of the contaminants from the shallow groundwater by the pump-out
systems and because of the lower water 1levels in the wupper aquifer
resulting from the removal of groundwater. Site grading will reduce the
leaching of additional contaminants from the unsaturated zone by about 50
percent, but will not reduce the contaminant leaching from the below-ground

water sources.
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Technical Evaluation

Reliability. The reliability of groundwater pump—out systems was
discussed in the evaluation of Alternative I1.B. The pumping system is
subject to temporary shutdown but such a temporary shutdown will not
impair the system's reliability. The risks of long-term shutdown of
the system can be minimized but exist due to plugging of the drains or
well screens. The effectiveness of the system can be verified by

monitoring groundwater levels.

Constructability. Construction of the drain system below the normal

groundwater level will be difficult but can be completed using
standard construction practices. The other construction activities
require standard construction techniques. The implementation of this
alternative could be difficult due to the need to obtain property or
easements to build the groundwater pump-out system along France Avenue
North. Joslyn does not own much of the property om which this system

must be placed.

Implementation Schedule. It 1is anticipated that this alternative

could be implemented in one comstruction season, provided that a lead
time of 4 months is provided for engineering design and related field
activities prior to construction, As with any of the groundwater
pump-out options, implementation could be delayed by not receiving

timely approval to discharge groundwater to the sanitary sewer.

Site Benefits. The potential use of the site will be only slightly

enhanced by this remedial action. Contaminated soil now present in the
gsubsurface will remain. These areas may be developed for such uses as open
space, recreation and parking, but will generally not be suitable for new
construction. The locations of needed groundwater pump-out facilities
would be determined so that site improvement could be planned around these

facilities.
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Cost

The estimated cost of this alternative is summarized in Table 25. The
total estimated capital cost is $1,520,000 and the total estimated annual
operating and maintenance cost is $535,000 for the first 10 years, $487,000
for the next 10 years, and $463,000 for the last 10 years of the 30-year
period. These annual costs c¢ould increase substantially if further
pretreatment of the contaminated groundwater than assumed in this
assessment is required. The total 30-year present worth cost of this

alternatives is $7,370,000.
ALTERNATIVE III.B.: GROUNDWATER PLUME CONTAINMENT WITH SLURRY WALL

Technical Description

This alternative involves the use of a slurry wall to prevent the
further migration of contaminated groundwater off-site. The slurry wall
alignment assumed in this alternative is shown in Figure 31, The slurry
wall configuration in Figure 31 encompasses most of the contaminated
groundwater on-site. The wall extends from the ground surface to a depth
of approximately 60 feet and is keyed into the middle confining unit where
this unit is present. A low permeability cap would not be constructed over
the area surrounded by the slurry wall; instead, groundwater would be
pumped from the area surrounded by the wall to lower the groundwater level
within the containment area. The estimated long-term pumping rate to
maintain the water level inside the containment area about one foot lower
than inside the containment area is 80 gpm. The pumping rate is high since
the wall cannot be keyed into the middle confining unit along its entire
length. The groundwater removed from the slurry wall containment area will
be discharged to the sanitary sewer. Pretreatment consisting of oil

removal was assumed.

Along with construction of the slurry wall and interior pump-out
system, this remedial action plan includes discharging the water in Pond A
to the sanitary sewer, filling Pond A, covering the disturbed area with

topsoil, revegetation and completing the site grading described in
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Alternative I.A. The depression in Area 5 would also be filled and
revegetated and a drainageway would be constructed to establish surface

drainage to the west.

The routine site groundwater monitoring program assumed in the

previous six alternatives was also assumed for this alternative.

Effectiveness

The slurry wall will effectively contain the contaminated groundwater
on-site. The alignment of the slurry wall shown in Figure 31 will halt the
movement of contaminants off-site and cut-off the flow of uncontaminated
water into the site from the west. This uncontaminated water now mixes
with contaminated groundwater, picks up additional contaminants from the
contaminated soil in the saturated zome, and transports the contaminants
downgradient to the east. If, as expected, the middle confining unit is
not continuous along the alignment of the slurry wall assumed in this
alternative, the interior pump-out system will only remove the infiltration
through the ground surface surrounded by the slurry wall and maintain a
near neutral gradient across the wall. Escape of contaminants through the
bottom of the containment area will be negligible, if the interior water
level can be maintained lower than the exterior water level. The
contaminated groundwater present downgradient of the slurry wall
containment area will be isolated from the contaminants on-site and will
dissipate with time. The site grading reduces the leaching of additional
contaminants to the groundwater from the unsaturated zone, but will not
reduce leaching from contaminated soil that is present below the surface of
the saturated zone. The effectiveness of this alternative is equivalent to

the effectiveness of Alternmative III.A.

Technical Evaluation

Reliability. The reliability of a slurry wall is discussed in the
description of Alternative II.A. Removal of groundwater from inside
the area surrounded by the slurry wall will create a near neutral
hydraulic gradient across the slurry wall resulting in no net flow

. . R
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through the wall. A major defect in construction could impair the
system's reliability, requiring greater pumping to maintain the
required groundwater level within the containment are&. The
functioning of the system can be reliably monitored by monitoring

grouﬁdwater levels and pumping rates.

Constructability. Slurry wall construction is a specialized field in

the heavy construction industry. Qualified, experienced contractors
are capable of constructing a high quality slurry wall that meets the
requirement of the remedial action alternative. The other
congtruction activities require standard <construction and well

drilling techniques.

Implementation Schedule. It is anticipated that this alternative

could be implemented in two construction seasons, provided that 6
months lead time is allowed for engineering design and related field
investigations prior to the beginning of the first construction

s5eason.

Site Benefits. The potential use of the site would only be slightly

enhanced by this remedial action. Contaminated soil will remain below
the surface of the site. Areas underlain by contaminated soil may be
developed for such uses as open space, recreation, and parking, but

generally will not be suitable for new construction.

Cost

The estimated cost of this alternative is summarized in Table 26. The
estimated capital cost is $4,520,000, the estimated annual operating and
maintenance cost is $437,000 for the first 10 years, $389,000 for the next
10 years, and $365,000 for the final 10 years in the 30-year period. These
annual costs could increase substantially if additional pretreatment of the
groundwater removed from the slurry wall containment area is required prior
to discharge to the sanitary sewer. The total 30-year present worth cost of

this alternative is $10,170,000.
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SUMMARY OF REMEDIAL ACTION ALTERNATIVES

The estimated capital, annual and 30-year present worth costs for the
various remedial action plans that were evaluated for the Joslyn site are

summarized in Table 27.

Alternatives I.A. through I.D. are remedial action plans designed to
contain or remove contaminated soil and thereby minimize the further
release of contaminants to the saturated zone. Alternatives I.A. and I.B.
are directed at managing only the contaminated soil above the surface of
the saturated zone, while Alternatives I.C. and I.D. remove or contain all
contaminated soil on the sire. Alternative I.A., which involves grading
the site to cover contaminated soil and provide surface drainage, will be
less effective than Alternative I.B., which involves placing a low
permeability cap over the contaminated soil at the site. The capital cost
of the site grading alternative is estimated to be $0.3 million with a
30-year present worth cost of $2.2 million. The estimated capital cost of
the capping alternative is $1.1 million, with an estimated 30-year present
worth cost of $3.1 million. Most of the annual cost of these alternatives
is the routine quarterly groundwater monitoring at the site. The estimated

cost of monitoring is $140,000 per year.

Alternative I.C., which involves the construction of an on-site vault
for the contaminated soil and Alternative I.D. which involves the on-site
incineration of the contaminated soil are of equivalent effectiveness.
Both of these alternatives are considered more effective than capping the
contaminated soil. The capital cost of the on-site vault alternative is
estimated to be $3.2 million and the 30-year present worth cost 1is
estimated to be $5.1 million. The capital cost of the on-site incineration
alternative is estimated to be $10.6 million and the 30-year present worth

cost is estimated to be $12.1 million.

Alternatives I1I.A., II.B., and II.C. are remedial action plans
designed to minimize the further release of contaminants to the saturated

zone and minimize further migration of contaminated groundwater from the
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areas of greatest soil and groundwater contamination on the site.
Alternative II.A. involves the construction of a slurry wall around the
former operating area of the facility. The capital cost of this
alternative is estimated to be $2.1 million and the 30-year present worth
cost 1s estimated to be $4;l million. Alternative II1.B. involves placing a
cap over the contaminated soil and constructing a groundwater pump-out
system in the former operating areas of the facility. The discharge from
the pump-out system is assumed to be pretreated and discharged to the
sanitary sewer system. The capital cost of this alternative is $1.9
million and the estimated 30-year present worth cost 1is estimated to be
$7.6 million. A significant portion of the annual operating cost of this
alternative is the cost of pretreatment and disposal of the contaminated
groundwater to the sanitary sewer system. Alternative II.C. involves
placement of all contaminated soil in an on-sgite vault and the construction
of a groundwater pump-out system in the former process area of the
facility. The capital cost of this alternative is estimated to be $3.9
million and the 30-year present worth cost is estimated to be $8.6 million.
This alternative also includes the high annual operating cost associated
with the discharge of pretreated groundwater to the sanitary sewer system.
AlternativeijtIrjA‘:Ja‘litswﬂlﬂoﬁs@ﬁré?még)mbe slightly more effective than
Alternatives IL.B. and ¥%%Eﬁahﬁgjt%nt%e anticipated lower rate of vertical
pate owe ate :

seepage to the lower aquifer under Alternative II.A.

Alternatives III.A. and III.B, are remedial action plans designed to
minimize the further migration of contaminated groundwater from the site.
Alternative ITII.A. involves construction of groundwater pump-out systems in
the area of highest groundwater contamination on the site and at the
downgradient site boundary. The capital .cost of this alternative is
estimated to be $1.5 million and the 30-year present worth cost is
estimated to be $7.7 milliom. Alternative III.B. involves containing
contaminated groundwater on-site with a slurry wall that generally follows
the boundary of the site. This slurry wall alternative also includes a
groundwater pump-out system that must pump at a relatively high rate of
discharge since the slurry wall cannot be keyed into the middle confining
unit along 1its entire length. The estimated capital cost of this

alternative is $4.5 million and the 30-year present worth cost is estimated
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to be $10.2 million. Alternatives III.A. and III.B. are considered to be
equally effective at minimizing the further migration of contaminated

groundwater off-site.
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SECTION 5
RECOMMENDATIONS

Data in this investigation show that contamination from the site is
confined to the upper portion of the shallow aquifer and has not impacted
water supply aquifers wunderlying the site. If not remediated, the
potential exists for the contamination in the shallow groundwater to slowly

migrate into the lower aquifer below the site.

It is recommended that the following measures be taken to mitigate the
current impacts of the site on the shallow groundwater aquifer and reduce

the potential for future impact on the lower aquifer:

1) The principle objective of the re%$Fia1 action plan at the site
2 ;
should be to contrel the future lat;r21 and vertical movement of
. . - Q‘_L/ . Sbe- .
the contaminated groundwater that ex13Ei/xn—theqformer—operatmng

area—ef—the_ facility.

2) Alternative II.A., which involves construction of a slurry wall
around the former operating area of the site, 1is the most
cost-effective remedial action plan to meet the remedial action
objective. The next step in implementing a remedial action plan
for the site should be to prepare a detailed design of the slurry

wall containment system.

3) During the 1986 construction season, the water in Pond A should
be drained and discharged to the sanitary sewer system.
Contaminated soil in Pond A should be removed and either placed
in the slurry wall containment area (if that portion of the
remedy is under construction) or temporarily stockpiled on the

site. The Pond A area should then be filled and graded.

4) Residents identified in the well search conducted for this
investigation as still using groundwater for potable supply
purposes should be required to connect to the city water system.

Ne eodinoriy,
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Consumption of water from private wells 1is inappropriate in a
highly wurbanized area where the groundwater 1is subject to
contamination from a wide variety of potential coﬁtaminant
sources. The Minnesota Plumbing Code, MN. Rules 1984 Section
4715.0310 requires connection to public water distribution
systems for new premises and also for altered, renovated or
replaced plumbing facilities. The principles of the Minnesota
Plumbing Code strongly encourage connection to public water

supply system.

5) Routine groundwater monitoring should be continued at the site.
‘It is recommended that routine site monitoring consist of the

following during the next l2-month period:

a) quarterly sampling of Wells 10, 112, 121, 122, 123, 124,
. pond) depth
125, 126, 301, 307 and the plant well %
>

b) annual sampling of the remaining wells on the site — 0@69'

¢) analysis of all samples for the PAH and phenolic compounds
in Table 2 of this report. Analysis of one set of samples

for all wells for the metals in Table 2.

It is also recommended that the additional ‘monitoring wells shown
in Figure 32 be constructed southwest of the site to verify that
contamination from the site is not migrating to the southwest
toward private wells in this area that are still being used for
potable water supply purposes. These additional monitoring wells
should be monitored quarterly for the PAH and phenolic compounds

"in Table 2 of the report.

RECOMM/316, 10
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ComRonent

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl

Dimenthylnaphthalenes

Acenaphthene
Dibenzofuran
Fluorene
Methylfluorenes
Phenanthrene
Anthracene
Carbazole
Methylphenanthrenes
A Methylanthracenes
Fluoranthene
Pyrene
Benzofluorenes

Chrysene

TABLE 1
MAJOR COMPONENTS OF CREOSOTE

Approximate

Percent In Boiling Melting Molecular
Creosocte Point®C Point C Weight
3.0 218 80-81 128.2
1.2 241 24-25 142.2
0.9 244 =22 154.2
0.8 255 71 154.2
2.0 268 8~105 156.,2
9.0 279 96-97 156.2
5.0 287 86-87 168.2
10.0 293-295 116-117 166.2
3.0 318 46-47 180.2
21.0 340 101 178.2
2.0 340 216 178.2
2.0 355 247-248 167.2
3.0 354-355 65-123 192.2
4.0 360 81-210 192.2
10.0 382 111 202.3
8.5 393 156 202.3
2.0 413 189-190 216.3
3.0 448 255-256 228.3

Lorenz, L.F. and Gjovik, L.R., Analyzing Creosote by Gas Chromatography:
Relationship to Creosote Specifications, American Wood Preservers'

Association, 1972.
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TABLE 2

MONITORING PARAMETERS

List | - PAH and Heterocycles

Benzo{a)aanthracene Chrysene**
Benzo(b) fluoranthene** Indeno(1,2,3,cd)pyrene
Benzo(j)fluoranthene¥® Benzo(ghi)perylene
Benzo(a)pyrene Dibenzo(ah)anthracene
Quinoline

List 2 - PAH and Heterocycles
Indene Fluoranthene
2,3-Dihydroindene Pyrene
Naphthalene Benzo(k)fluoranthene*¥

1-Methylnaphthalene

Benzo(e)pyrene

2-Methylnaphthalene Perylene
Biphenyl Acridine
Acenapthylene Carbazole
Acenaphthene 2,3-Benzofuran
Fluorene Benzo(b)thiophene
Phenanthrene Dibenzothiophene
Anthracene Indole
Isoquinoline Dibenzofuran
Triphenylene®¥*
Phenolic Compounds
Phenol 4=-Chloro-m-cresol
o-Cresol 2-Nitrophenol

m-Cresol and p-Cresol
2-Chlorophenol
2,4~Dichlorophenol

4-Nitrophenol
2,4-Dinitrophenol
4,6=-Dinitro-o-cresol

2,%,6-Trichlorophenol Pentachlorophenol
2,4~Dimethylphenol

Metals
Arsenic Copper

Chromium (Hexavalent and

Total)

[

. MN-COMP-A 0078292

* Cannot be quantified with GC/MS analytical procedure.
** These compounds coelute, are structure isomers (benzo(b)fluoranthene

with benzo(k)fluoranthene and chrysene with triphenylene) and, therefore,
cannot be individually quantified.
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TABLE 3

SOIL QUALITY

(concentration in mg/kg)

Concentration for coeluating compounds {reported as the List L coupousd }.

Reazo(b)flucranthene/ Benzo(k }fluoraathens
Seall peak ic chrowscogram below zethod detection limit.

ND Yot Detected.

COMP:-A 0078283

- MN.

AN
Sample Numbar 5 7 12 25 26 30 1 41
Exploratory Excavation 13 16 19 27 27 i1 3l 17
Area 4 4 POND A 8 3 [3 6 s
Field Description Discolor. Backgrd. Discalor. Tan Ciscoler. Discolor, Gray 3rown
Oily Silcy Sample Cily Oily Oily Oily Silcy Slightly Oity
Sand Tan Sand Sand Sand Sand Sand Oily Sand Sand
Depth (Ft.) 3.0-10.90 0.0-6.0 5.5-6.0 4.0=4.5 1.8-2.4 5.5-6.0 1.0-2.0 5.5-6.1
LIST | PAH/HETEBOCYCLES
_Benso(a)anthracens <10 <0.1 12 2,1 <10 p 5.1 15 730
-“Beugo(b)fluorantliene <107e” <071 ¢ I'$7e <1;0c <10 & 5.4 ¢ 19 ¢ 7 T1307¢
Banso{ghilperylene —_ <10 T ST 50T 2.0 <10 <170 ) 36—
Beuzo(alpyrens <10 <0.1 <5.0 p <2,0 <10 13 s I
_Chrywene <10 ¢ <0t ¢ 14 ¢ .5 ¢ <10 pe 4.6 ¢ 197¢ 1307¢
Dibsas(ab)anthracene <10 <0.1 <570 <i.0 <10 <t.0 2.3 =
Todeno{1,2,3,cdlpyrane A1 <01 <5.0 €2.0 <10 <10 5.6 iz
“Quinoline <10 <0, 1 7.2 <2.0 <10 <1.0 L3 <10~
Sum List | ND ND. 68 4,6 ND 17 96 430~
LIST 2 PAH/HETEROCYCLES
Acsoaphtbece 19 <0.1 130 24 49 18 32 52
Acenaphthylaca 31 071" <570 <270 r3Y B W <1.0 <10
Acridiae <10 <0.1 <5.0 <2,0 <10 <1.0 <1.0 <Lg
Aathracens 10 0.2 40 3 24 6.4 16 i5
Secsol(k Y loorsathene <107 <07 17e < <2T0e A0 £ < T
2,)-Beazofuran <10 <0.1 <5.0 2.0 <10 <1.0 <1.0 <10
Senzole )pyrane <t0 <Q.1 <3.0p <2.0 <10 1.9 9.7 61 -
“sepze(b)thioptiens 13 <0;1 8.6 3.2 It 173 1.8 <10”
_Bipheoyl n <0.1 13 20 57 5.2 6.0 <107
Carbazols <0 <071 <5,0 <2.0 <10 18 13 <10
Dibsnzothiophens 48 <0.1 1Y 17 200 6.5 13 52
“bibenszofuran 32 <0.1 120 29 74 13 24 H
_ 2,3 Dikiydroindene <10 p <0.1 <5.0p 3.9 2% <1.0 <1.0 <10
Fluorauthens <l0 <0.1 140" 10 13 21 85 400"
Flucreoa 36 <0.1 170 3 110 12 16 <10
‘Indane 30 <071 5.3 <270 <107p <150 G <10
Indole 31 <071 <570 22,0 <10 <170 <170 37
lsogquinoline <10 0.1 £5.0 2.0 <10 <i.0 8.0 <10
1-Methylnaphthalens 400 <0.1 210 180 510 42 37 13
I-Wethyloapbttalese 780 0.1 420 290 840 9Tk 67 qu)
Naphbtbalene 130 <0,! 170 23 120 2.2 18 <10
"Ferylene <10 <0, 1 <5.0 <1.0 <10 <1.0 2.7 <10 p
Phenanthrene 140 <071 340 110 290 45 110 Tl
Pyrens 14 <0,1 a8 10 24 16 59 I
Triphenyleus <10 c <0.1¢ e ¢ <10 pe e [ c
Sum List 2 1600 0.2 2000 860 2600 230 50 1000
PHENOLICS
A-chloro-)-methylphenol <Al <0. 4 <10 <20 <10 <10 <h,0 <20
2-Chlorophencl <40 <0.4 <10 <20 <10 <10 <4,0 <20
0-Cresal <40 <0.4 <10 <20 <20 <10 <4.0 Qo0
M=Cresol <4 <0.4 <10 <20 <20 <10 <4.0 <20
p~Cresol <40 <0.4 <10 <20 <20 <19 <4,0 <20
2,4-Dichlotophenol <40 <0.4 <10 <20 <20 <10 <4.0 <20
2,4-Dimechylpbencl <Al <0.4 <10 €20 <20 <10 <4.0 <20
1,4=Dinitrophensl <200 <2.0 <50 <100 <100 <50 <20 <100
Z-mathyl-4,6-dinitrophenci <200 <2.0 <50 <100 <100 <50 <20 <100
2-Nitrophenol <40 <0.& <10 <20 <20 <10 <&, 0 <20
4-Aitrophenol <G} <0.4 <19 <10 <20 <10 4.0 0
Peptachlorophenol 31200 <0.4 3i0 680 2300 j30 <4.9 1800
Phenol <40 <0.4 <10 <20 <20 <10 <4.0 <20
2,4,6~-Trichlorophenol <40 <0.4 <10 <20 <20 <10 4.0 <20

Coeluting compounds are Chtynu!‘triphonyhu.m



Sample Number
Shallow Boring Number
Area

Field Description

Depth (Ft.)

LI5ST | PAH/HMETEROCYCLES

(concentrations in mg/kg)

PB4~4 PR4-9 PR5-4

4 4 5

[ 6 5

Discolor, Gray Oily Gray-brn.

0ily Sand Sand Slightly
Oily Sand

7.0-8.0 14.5-16.0  14.5-15.5

TABLE 3 (cont.)

SOIL QUALITY

Benso{a)anthracene 110 210 <0.4
Senzo(b)fluocranthene 60 ¢ 180 ¢ <0.4 ¢
Banzo{ghi}perylens <15 48 <0.4
Benzc(a)pycens 48 110 <0.4
Chrysene 350 ¢ 190 ¢ <0.4 ¢
Dibens(sh)anthracene <25 <25 <0.4
Indeno(1,2,3,cd)pyrene <25 LTS <0.&
Quinoline <25 6l 0.4
Sum Lisg | 570 450 ND
LIST 2 PAH/HETEROCYCLES
Acenaphthene 3ito 540 <0.4
Acenaphthylene <25 <25 <0.4
Acridine <213 <28 <0.4
Anthracens 1100 190 <0.4
Banzo(k )fluoranthens c e <0.4 ¢
2,3-Benxofursn <15 <25 <0.4
Benzo{a Jpyrens KR} 86 <0.4
Senszo{b)thiophene <23 57 <0.4
Biphanyl 36 83 <0.4
Carbaszcle 400 97 <0.4
Dibenxothiophene 54 86 <0.4
Dibensofuran 220 360 <0.4
2,3-Dihydroindens <25 40 <0.4
Fluoranthene 410 180 0.4
Fluorena 150 490 <0.4
Indene <29 15 <0.4
Indole <23 <25 <0.4%
Isoquicoline <23 <18 <0.4
1-Mathyloapathalene 97 260 <0.4
2-Mathyloaphtbalene 170 440 <0.4
Naphthalene W60 1900 <0.4
Perylene <25 <23 <04
fhenanthrens 840 1400 <0.4
Pyrene 290 580 <0.4
Triphenylene 4 ¢ 0.4 ¢
Sum List 2 4800 1400 0.4
PHENOLICS
4=chloro=3-asthylpbenol <50 <100 <0.4
2-Chlorophenol <50 <100 <0.4
0-Crescl <50 <100 <0.4
M-Crasol <50 <100 <0.4
P~Cresol <50 <100 <0.4
2,4-Dichlorophencl <%0 <100 <0.4
2,4=Dimethylphencl <50 <100 <0.%
_g,b-Dtnitropggpol <230 <5Q0___ 2.0
Z-methyl=4,6-dinitrophevol <230 <500 €2.0
2-Hitrophenol <50 <100 <0.4
4=Nitrophenol <50 <100 <0.4
Pentachlorophencl <30 <100 §.6
Phenol <50 <100 <0.4
2,4,6-Trichlorophenol <50 <100 <0.4

Conceatrations for coeluting compounds {re

Beazo{b )} luorathene/ Benzo(k )f luoracthene,

ND Not detected.

ported se List 1 coapounds ). Cosluting compo

aad M~Cresol/P—Cresol.

uuds are Chryseuve/Triphenylene,

MN-COMP-A 0072294



TABLE 4

POND A WATER QUALITY

(concentrations in ug/L)

POND A PORD A
LIQUID Ice
01/24/85 01/24/85
List 1 PAH/Heterocycles
Benzo{a Janthracene 1100
Benzo{b)fluorantheas <1000 ¢
Benzo{ghi)perylece <1000
Benzo(a)pyrene <1000
Chrysene 1900 ¢
Dibenz(ah Janthracene <1400
Iodeno{!,2,3,cd )pyrene <1700
Quinoline <1000
Sum List 1 3000
List 2 PAH/Heterocycles
Acenaphrhene 14000
Acenapbthylene <1000
Acridine <1800
Anthracene 4200
Bengo(k }f luoranthene <1000 ¢
2,)=Benzocfuran DLRD
Banzo{e Jpyrace <1000
Benzo{b )thiophene 2100
Biphenyl 10000
Carbazole <1100
Dibenzothiophene 64000
Dibenzofuran 21000
2,3-Dihydroindene 1600
Fluoranthene 1e000
Fluorene 35000
Indene <1000
Indole <2900
Isoquinolice DLKD
L-Mathylnaphtbalene 110000
2-Methyloaphthalene 180000
Naphthaleos 21000
Perylene <1000
Phensnthrece 86 000
Pyrens 92000
Triphenylene 3
Sum List 2 650000
Pheoolics
4~chloto-)-methylphenol <5
Z-Chlorophenol <5
0=Cresol <5
M=Cresol <S¢
P=Cresol 5¢
2,4=Dichlorophenol <5
2,4-Dimethylpbenol <5
2,4=Dinitrophenol <25
2-methyl=4,6-dinitrophenol <25
2-Hitropbeool <5
4-Nitrophenol <5
Pentachlorophenol 780
Phenol <5
2,4,6-Trichtorophencl <5
Hetals
Arsenic (filtered) 9 50
Copper (filtered) 14000 kY
Chromium, total (filtered) 850 1.3
Chrowmium, hexavaleot <20 <20
c Coeluting compound (concentraticus reported with the List | compound }.

are Chrysene/Triphylene and Benzo(b)fluoranthene/Benzo(k}fluoranthens.

DLND HNot detected. Detection limit mot determined.

Coeluting compounds

MIN-COMP-A 0078285
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TABLE b
WATER LEVELS (MSL)

SHALLOW WELLS

Well Number N
W2 w5 w6 w7 we wi0 wigl w104
Ground Blev: 836.3 860.9 863.6 861.8 865.5 860.2 . 854.4 855.1
Casing Elev: 858.82 860.96 863.67 864,05 867.85 862,07 8%6.10 857.26
Riser GElev: 838,72 860,96 863.67 864.00 867.85 862,07 856.0% 897.14
01/29/8% 850,47 850,28 849.81 850.22 849.67 850,06 851.71 851.00
03/25/85 851.16 850.61 850.32 850,83 450.11 850.67 852.48 853.11
05/06/85 851.52 851.14 850,91 B51.32 850.79 851.17 852.08 852,16
Well Humber
witl Wwli2 Wil wi2! w122 L3k ‘Wl2é w125
Ground Elev: 859.3 865.9 863.5 865.3 864.1 857.3 865.5 864.1
Casing Elav: B60.94 867.86 865,59 B&7.10 865.83 859 .43 B67.76 866,17
Riser Blev: B860.98 867.77 865,54 866,96 865.73 859,356 867.60 866,15
D1/28/85 - B49.24 -— - - -— - --
01/29/85 850.31 - - - - -- - -
03/25/85 850.95 849 .56 855,20 849,20 - 849,30 85,2 -
03/26/85 - -- - - 848.44 - -- B43.94
05/06/85 851.40 850,22 8%3.93 845,98 849,02 B50.02 848,22 848.85
Well Humber
Wi26 POL P02 PO3 P12 | gra]
Grouod Elev: 857.2 - - -- -- - L
Cawing Elev: 859,34 -- - - -- -
giser Elev: 859.21 852.85% 852.00 851.71 851,94 861.55
03/25/85 848.63 B46.1 848.2 847.0 - -
03/26/85 - - -- -— 845.4 846,04
05/06/85 848,95 845.93 B45.84 846.23 844.67 -
M1D-DEPTH & DEEP WELLS
Well Rumber
w201 w206 w207 w209 w300 wigl w307
Ground Elev: 834.1 864.1 863.9 865.5 863.7 853.8 860.9
Casing Elev: B56.04 865,61 865.95 B67.28 866.10 855.97 8631.20
Riser Elev: B833.36 865.45 B63.81 867.25 866,10 85,28 863.46
12/02/84 - - - - 847,10 - --
01/29/85 - 849.64 -- - - - --
03/25/85 851.39 850,28 850.9 850.06 847,35 8s51.27 848,53
05/06/85 851.90 850.87 851.40 850.68 847,39 851.77 848.80
SURFACE WATER
TWIN RYAN RYAN POND
LAKES CREEK LAKE A
03/25/85 852.27 - 849.59 853.90
03/26/85 —= - -- -
05/06/85 - 847.2 -= -—
. o ‘ :
_p 0078297
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TABLE 7

ESTIMATED PERMEABILITY COEFFICIENTS OF GEOLOGIC UNITS

Unit
UPPER AQUIFER

Surficial Sand

MIDDLE CONFINING UNIT

Silty Sand

Upper Silty Clay

Lower Silt

Sandy Clay Till

VALLEY FILL

Sand

LOWER AQUIFERS

Sandstone Residuum

St. Peter Sandstone

Prairie du Chien Group

JOSTAB316,10

Permeability
Coefficient

Source

{(em/sec)

2 x 107
2 x 10

8.4 x 10

3.8 x 10

7.2 x 10

2.5 x 10~
2 x 10

2.8 x 10

Pumping test (McBride, 1974)

Falling head test on remolded
sample (Barr Engineering Co.,
1981a)

Hazen's approximation (Barr
Engineering Co., 198la)

Constant head test on remolded
sample (Barr Engineering Co.,

1981a)
Constant head test on remoclded
sample (Barr Engineering Co.,

1981a)

Literature Estimate
(Freeze & Cherry, 1979)

McBride, 1974
Hazen's approximation

Hazen's approximation
McBride, 1974
Barr Pumping Test at Plant Well

Literature Estimate
(Norvitch, et. al., 1972)

| MIN-COMP-A 6078288



TABLE 8

SHALLOW GROUNDWATER QUALITY

(concentrations in ug/L)

wr 1Ly
12/11/84 03727785 0%/22/85% 12/27/84 03/27/85% 05/16/85
List | PAR/Beterocycles
Beozo{a)anthracene <0.02% <0.0010 0.033 <0.20 <0,50 <0,8t0
Benzo (b )f luoranthene <0.025 ¢ <0.0010 ¢ <0.010 ¢ <0,20 ¢ <0.50 ¢ <0,010 ¢
Senzo{ghi)perylene <0,02% <0.0010Q <0.010 <0.,20 <0.50 <0.0l0
Beunzo{a)pyrene <0.025 <0.0010 <0.010 <0.20 <0.50 <0.010
Chrysene <0.025 ¢ <0,0010 ¢ 0,048 ¢ €0.20 ¢ €0,50 ¢ 0.030 ¢
Dibanz{shlenthracene €0.035 0,004 <0.0l4 <0.28 <0.70 <0.014
Indenot(l,2,3,cd)pyrene <0.043 <0.00%7 <0.017 <0,34 <0.8% <0.017
Quinclioe <0.025% <0.0010 0,021 <0.20 <0.5 <0.010
Sum List | ND ND 0. 069 RD HD 0,000
List 2 PAR/Beterocycles
Acenapbthens 0.150 0.0053 0.60 0.9% 1.1 0.1t
Acenaphtbyliene <0,02% <0.0010 <0,010 1.7 0.5 <0.010
Acridine <0.045 <0.0018 <0.018 <0.36 <0.%0 <0.018
Apthracens <0.025 <0,0010 0.027 <0.20 <0.50 0,034
Bengo{k }fluoranthens <0.02% ¢ <0.0010 ¢ <0.010 ¢ <0,20 ¢ <0.50 ¢ <0.010 ¢
2,)~Banzofyrsn 0.053 0.0038 0,978 0.25 0.57 0.3l
Beozo{elpyrene <0,025 <0,0010 <0.010 <0.20 <0.50 <0.010
__Benzo(b)thiophene 1.5 0.02% 1.3 6.1 3 21
8iphenyl 0.038 <0.0010 0.14 0.32 <0.50 0.044
Carbazole <0.028 <0.0011¢ <0.011 0.38 <0,5%% 0.16
Dibenzothicphene 0.054 DLRD DLND DLND DLKD DLED
Dibenzofuran 0.57 <0,0020 0.073 <0,40 <l.0 0.031
2,3-Dihydroindene 0,0%4 0.0067 0.13 2.0 4.5 1.9
Fluoraathene ¢.030 <0.0010 0,31 <0.20 <0.50 0.030
Fluprens 0.065 0,00L9 0,59 2.2 <0.70 0.029 B
[adena 0.12 0.012 0.15 0,74 1.5 0.39 J‘J
lndole <0.072 <0.0029 <0.029 €0,58 <14 <0.029 -
Lsoquinoline DLND DLND OLRD DLND DLND DLND G
1-Methyloaphthalene 0.42 0.050 4,3 10 27 3.3 -ng
2-MethyloaphtBalene 0.45 0.061 3.7 “.2 13 0.58 . étflﬂ
Naphthaleos 0.7} 0.1t L.8 2.3 32 0.97 &
Ferylene <0.02% <0.0010 <0.010 <0.20 <0.50 <0.010~
Phepanthrens 0.15 <0.0010 0.44 <0, 20 <0.50 0.013
Pyrene 0.025 <0,0010 0.21 <0.20 <0.50 0,023
Triphenylene <0.025 ¢ <0,0010 ¢ ¢ <0.20 ¢ <0.50 ¢ c
Sum List 2 4.5 0.28 10 51 119 29
Phenolicse
4-chloro-I-methylpheool <3 <100 <10 <250 <50 <5
Z-Chlorophenol <5 <100 <10 <250 <50 <5
0—Crenol <5 <100 <10 <250 <50 <5
M=Cresol <5 ¢ <100 e <0 e <150 ¢ <50 ¢ <5 ¢
PCresol <5 ¢ <100 ¢ <10 ¢ <2%0 ¢ <50 ¢ <5 ¢
1,4=Dichlorophencl <5 <100 <(0 <250 <50 <5
1,4=Dimethylpbenol <5 <100 <10 <250 <50 <5
2,4-Dinitrophenol <25 <500 <50 <1200 €250 <15
2-methyl-4,6-dinitrophenol <25 <500 <50 <1200 <250 <25
2-Nitropbenol <5 <100 <10 <250 <50 <%
4-Nitrophanol <5 <100 <10 <250 <50 <5
Peutachloropheaol 350 6200 430 12000 4200 2100
Phenol <5 <100 p <10 <250 <50 [$]
2,4,6=Trichlorophencl <5 <100 <10 <250 <50 <5
Metala
01/ 24/ 8% 01/ 24/8%
Arsenic (filtered) 1 3 <l 2 5 <l
Copper {Eiltered) 6.0 2.1 4.2 1.9 4,2 1.0
Chromium, total (filtered) 1.7 1.1 <0.5 1.8 1.1 <0.5
Chromium, hexavalent <20 <1 <1 <20 <1 <l
P Small pesk in chromstogras below method detection limit.
c Cowluting compound (concentrations reportad with the List 1 compound)}. Coeluting compouunds
are Chrysene/Triphylenes and Benzo(b )flusranthens/Beazo(k )f luorantbane.
s Statistical analysis indicates s potentisl falme positive value.
DLED Not detacted. Deteacticu limit not determined. - . e e e
KD  Not detected. o ‘ :
MN-COMP-A 0078299



TABLE 8 (cont.)
SHALLOW GROUNDWATER QUALITY
(concentrations in ug/L)

q -
w1 af w Al

—3 > A DD

12/ 27/ 84 03/27/8% 05/ 16/85 12/11/84 03/28/85 05/22/85
List | PAH/Heterocycles

Bento(a Janthraceae <0.010 <0.050 <0.0t0 <0.040 <0,50 <l.0
Benzo(b)fluorantheas 0,010 ¢ <0.050 ¢ <0.010 ¢ <0.040 ¢ <0.50 ¢ <1.0 ¢
Beazo(ghi)perylene <0.01l0 <0.0050 <g.010 <0.040 <0.50 <1.0
Beuzo(alpyrene <D.010 <0.00%0 <0.010 <0.040 <0,50 <1.0
Chrysens <0.010 ¢ <0.050 ¢ <0.010 ¢ <0.040 ¢ <0.50 ¢ <«l.0¢
Dibenz(ah Janthracens <0.014 <0.0070 <0.01t4 <0.0% <0.70 <l.,0
Indeno(l,2,3,cd Jpyrens <0.017 <0.008% <0.017 <0.068 <0.85 <1.0
Quiaoline <0.010 <0.050 <0.010 <0.040 <0,50 <l.0
Sum List 1 HD D ND ND ND KD

List 2 PAE/Heterocycles

Acenapbthene <0,013 0.17 0.058 30 110 160
Acenaphthylene <0.010 <0.050 <0.010 0.77 2.3 14
Acridine <0.018 <0.090 <0.018 <0.072 <34.90 <1.0
Anthraceos <0.010 <0,0%0 0.027 <0,040 <0.50 I.2
Banzolk )fluoranthens <0.010 ¢ <0.050 ¢ <0.010 ¢ <0,040 c <0.50 ¢ <1.0 ¢
/ 2,3-8enzofuran 0.021 0.051 0.% 1.2 1.5 a4
Beuzo{a )pyrena <0.010 <0.0050 <0.010 <0,.040 <0.50 <1.0
v Benzo(b )thiophene 0.50 5.7 1.2 8.6 9.7 85
Bipheayl 0.013 0.24 Q.12 1.9 3.1 ]
Carbazole <g.011 <0,0%55 0.01% 2.0 1.4 14
Dibenzothicophene DLND DLND DLND 3.048 DLND <1.0
Dibenzofursa <0.020 0.33 0.l& 4.8 10 57
2,3-Dihydroinders 0.031 1.5 0.066 8.8 (X} 150
Pluoranthens <0,010 <0.050 0.022 <0.040 <0.50 2.3
Fluoraoe <0.014 0.12 0.10 2.3 3.2 FA
[ndens 0.0083 0.4 0.014 6.6 7.5 130
[adole <0.029 <0, 14 <0.029 <0.12 <l.4 <1.0
[soquinoline DLND DLRD DLND DLRD DLRD <1.0
v l-Methyloaphthalene 0.047 17 2.7 18 42 98
v }-Methyloaphthalens 0.060 11 3.2 <0.080 <1.0 2.0
v Naphthalena 0.051 16 0.80 22 <0,9% 340
Perylenas : <0.010 <0.0050 <0.,010 <0.04 <0.50 <i.0
Phenauthrene <0.01l0 0.16 0.044 1.8 5.3 46
Pyrece <0,010 <0.050 0.022 <0,040 <0,50 1.3
Triphenylens <0.010 ¢ <0.050 ¢ <0.010 ¢ <0.040 ¢ <0.50 ¢ 1.0 ¢
Sum List 2 0.73 64 9.1 110 240 1300
Phenolics
4=-chloro~}-methylphenol <3 <15 <5 <5 <25 <25
2-Chlcrophenol <5 <25 <5 <5 <15 <25
0-Cresol <5 €25 <5 <5 <25 <25
M~Cresol <5 ¢ <23 ¢ <S¢ <5 ¢ €25 ¢ <25 pe
P~Cresol <S¢ <25 ¢ <5 e <5 ¢ <25 ¢ <25 pec
2,4=Dichlorophenol <3 <25 <5 <5 <2% <5 p
2,4-Dimethylphencl <5 <25 <5 <5 p <25 Q23 p
2,4=Dinitrophencl <25 <125 <25 <25 . <12% <125
2-methyl-4,6-dinicrophencl <25 <125 <25 <25 <125 <125%
1-Ritvopheaol <9 <25 <5 <5 <25 <25
d=Nitrophenal <5 <23 <5 <5 <2% <15
Pentachlovophenol 16 1000 69 570 1300 S80
Phenol <5 <25 <5 [3] <25 <25
2,4,6-Trichlorophenol <5 <25 <5 <5 23 <25
Matals
01/724/485% 01724785
Arsenic (filtered) 3 <l 3 7 <l
Copper (filtered) 1.3 n 0.8 1.3 N 5.7 1.4
Chromium, total (filtered) 2.9 2.7 1.0 1.4 2.6 <0.5
Chromium, hexavaleat <20 6 <1 <20 { <1
p Small pask in chromatogrsm below method detection limit.
c Coeluting compound (concentrations reported with the List |1 compound )}, Coeluting compounds

are Chrysene/Triphylene and Beago (b )f luoranthene/Benszo (k )f luoranthens,
[ Stacistical enalysis igdicates s potential fslse positive value.
DLAD HRot detected. Detection limit oot determined.
. ND Not detected.

g, e
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TABLE 8 {(cont.)

161

SHALLOW GROUNDWATER QUALITY " 10
{concentrations in ug/L)
f
wio 13/ 3\5‘(’ wior 2% wioalh
- — ‘ -----------------------------
12/11/84 03/28/85 05/ 16/!5] 01/26/8% 05/16/85 01f24/83% 0s/1678:
List | PAB/Heterocycles
Benzof{s Janthracene <0.040 <0.050 <0.02% 0.048 <0.025 0,017 0.0058
Senzo(b)fluoraathene <0.040 ¢ <0.0%0 ¢ <0,02% ¢ 0.083 ¢ <0,02% ¢ 0.069 ¢ 0.019 ¢
Beazo{ghi)perylene <0, 040 <0, 050 <0.02% 0.024 <0.025 <0,010 <0,00%0
Beuso(alpyrene <0.040 <0,050 <0.02% 0,017 <0,025 0.0l% <0,0050
Chrysens <0.040 < <0.0%0 ¢ <0,025 ¢ 0,0% ¢ <0.025 ¢ 0.029 ¢ 0.012 ¢
dibens(sh Janthracene <0,05% <0,070 <0.035 <0.014 <0.03% <0.0l4 <0.007C
Iodeno(1,2,3,cd)pyrene <0,068 <0.08% <0, 043 0,023 <0,043 <0.047 <0.0085
Quisolice <0.040 <0.0%0 <0.02% <0.010 4,076 <0,010 <0.00%0
Sum List | bi] D ND 0.25 0,076 0.13 0.037
List 2 PAE/Heterocyclas xﬂ;ﬁiJ;
Acenaphthene 2,8 5.9 7.1 373 1,30 0.28 0.036 <0,0065
Acenaphthylene <0.040 <0,050 0.077 0.015 0.0% <0.010 <0.,0050
Acridioe <0.072 <0.090 <0085 <0.018 <0.045 <0.018 <0.0090
Anthraceacs 0.0%5% 0.13 0.10 0.078 0.99 0.011 0.0088
Benzo(k )fluorsnchens <0.0h0 ¢ <0.050 ¢ <0.02% ¢ < <0.025 ¢ ¢ c
2,)-Benzofuran DLND 0.033 0.052 0.040 0.19% DLND DLRD
Benaxo (4 Jpyrens <0.040 <0.03%0 <0,025 0.034 <Q,025 0.043 0.0072
Beuszo{b)thiophene 5.6 4.5 5.0 >, 0.78 4.9 <0.010 0.014
Siphenyl 0.086 0.1 0.74 3 0.25 1.1 0.036 <0,0050
Carbasole 0.13 0.022 .11 0.030 2.073 <0.011 0.0080
Dibenzothiophene 0.062 DLHD 0.35 9 0.14 0.3% 0.0%7 0.004%
Dibenzofuras 0,47 0.94 1.3 5 .0 4.0 0,065 <0.010
2,3-Dihydroicdene 11 7.1 5.9 .0 0.14 1.4 0.035 0.026
Pluoranthene <0,040 0.062 0.097 0.30 0.2 0.064 0.025
Pluoreas 0.54 0.78 4,6 Y 1.20 5.1 0.070 0.0075
ludene 6.1 2.9 1.6 i.¥ 0.030 0.35 <f. 010 0.0086
fadole ¢0.12 <e.15 <0,072 <0.029 <0.072 <0.029 <0.0l4
Isoquinoline OLND DLND 0,065 DLND DLED DLAD DL®D
1-Methyloaphthalene 0.5 0.32 0.34 2./ € 2.2 16 0.39 0.027
2-Methyloapbthalans <0,080 <0.10 0,040 1.7 3.1 16 0.61 0.030
Naphthalens ts 13 14 1 1.1 9.8 0.22 0,036
Perylene <0.040 <0,050 <0.02% <3.010 <0.02% <Q,010 <0,0050
Phenanthrece 0.15 0.082 1.3 A4 1.2 1.8 0.16 0.022
Pyreans <0.040 <0.0%0 0.0313 0.23 0.14 0,081 0.024
Tripheaylece <0.040 ¢ €<0.0%0 ¢ <0.02% ¢ [ <0.025 ¢ ¢ <
Sum List 2 b4b k1 47 39 13 62 1.8 0.25
Phenolics
4-chloro=3-methylphenol <5 <5 <3 <5 <5 <5 <5
2-Chlorophencl <3 <% <% <5 <5 <5 <5
0-Crescl <5 <5 <5 <5 <3 <5 <5
M=Cresol <5 ¢ <5 ¢ <5 ¢ <5 ¢ <5 ¢ <5e <5 ¢
p~Cresol <% c <% ¢ <5 e <5 ¢ <5 ¢ <§ ¢ <5 ¢
2,4=Dichlorophencl <5 <5 <5 <% <5 <5 <5
2,6-Digethylphencl <5 <5 <5 <5 <5 <% <5
2,4-Dinitrophencl <25 <25 <25 <15 1% <25 <2%
2-methyl-4,6-dinitropbencl <25 (3] <23 <25 <23 <25 <25
2-Nitropheaol <5 <3 <5 <5 <5 <5 <5
4-Hitrophenol <y <$ <y (3] <9 <5 <5
" Pentachlorophsnol <5 p <5p <5 p 52 16 <5 <5 p
Phanol <5 <3 <3 <3 <5 <3 <5
2,4,6-Trichlorophenol <3 <3 <3 <5 <5 <% <5
Matals
01/24/85
Arseuic (filtered) 7 7 H 1 [ 3 4
Copper (filtared) 3.6 1.4 3.0 1.4 1.0 2.2 0.8
Chromiva, total (filtered) 5.5 2.0 <0.5 2.0 1.0 5.5 0.5
Chromius, bexavaleot <20 2 <l <20 1 <20 [
[ Smsll peak in chromatogram below method detection limit.
e Cosluting cowpound (conceatraticas reported with the List 1 compound ). Cosluting compounds
are Chryseoe/Triphylecs end Benzo{b)f luorsnthena/Benso(k }f luoranthene,
[ Statistical scalysis indicates a potential false positive valus. L
DLAD HNot detscted. Detsction limit oot determined. -

ND

Kot detected.

- MN-COMP-A 0078291



TABLE 8 (cont.)

Il W 3 SHALLOW GROUNDWATER QUALITY
(concentrations in ug/L)
Ay
vt { wirz 45 «,*\'\‘ wily V4o
01/24/8%  0%/21/85  01/28/8% 05116/35@' 03/28/8%  05/22/85
List | PAH/Heterocycles
1>
Bengo(a)anthracens 1.8 <5.0 <0,010 <1,0 'Dﬁ;QS 2000
Benzo{b)fluorantheas <1.0 ¢ <5.0 ¢0.010 ¢ <l.0ec &-50¢c 1500 ¢
Benzo(ghi Jperylene <1.0 <5.0 <0.010 <l.0 2210 <200
Benzo{a)pyrens <l.0 <5.0 <0.010 <l.0 20 800
Chrysene 3.0¢ <3.0 <0,010 ¢ <1.0 ¢ 63 ¢ 1500 ¢
Dibena(ah)enthracens <16 5.0 <0.010 .0 e <200
lndeno{],2,3 ,cd Jpyrene <17 <5.0 <a.010 <o sy <200
Quinoline <1.0 5.0 <0,010 <l.0 120 430
Sum List 1 4.8 AD ND KD AD 340 6200
List 2 PAE/Heterocycles
. Rl _.l:‘uu
Acenaphthene <1.3 39 16 7.0 &0 2500 6600
Acensphthylens <1.0 5.0 0.25 1.2 .F A<l <100
Acridine <1.8 <5.0 <0.010 <1.0 < 38 790
Anthracene 7.0 5.0 0.18 <1.0 ¢ 298 2700
Benzo{k )fluoranthene <l.0 ¢ <5.0 <0.010 ¢ ¢1.0 ¢ < gﬂ% ¢
2,31-Bessofuran DLND <5.0 1.2 —12— 3% 120 250
Benzo (e )pyrens <1.0 <5.0 <0.010 <l1.0 ¢ Pl 530
Benso(b)thiophene 140 49 14 91 5 400 1200
Biphenyl <1.0 18 2.3 11 9 95 1200
Carbazole <.l 13 5.2 2% 3.1 3% 1500
Dibenzothiophens 8% 33 0.26 <l.0 < 50 1200
Dibenzofuran 4h 31 8.2 % 300 4500
2,3-Dihydroiodens 33 40 9.2 41 1% 5480 1400
Fluoranthene 5.2 <5.0 0.082 <G < -57280 3900
Plucrene 45 27 5.0 % 5% %330 6400
ladene <1.0 <5.0 5.1 28 /A 300 890
Iadole <2.9 €5.0 <0.010 <10 < 68 <200
[soquinoline DLFD <5.0 <0.010 <l.0 < 400 1700
L-Methylosphthalene 1100 440 7.3 6 /6 550 4500
2-Methyluoaphthalene 1400 670 0.30 <1,0 3,850 2900
Naphthalene 480 150 20 1o ¥ L2500 38000
Perylens <1.0 <5.0 <0.010 <l.0 ¢ af10 <200
Phenanthrene 130 48 23 9.8 /.3 LES0 17000
Pyrens 28 9.0 0.10 <10 < £%°200 6400
Triphenyleae c <5.0 <0.010 ¢ <l.0 e< c [
Sum List 2 3500 1690 97 &40 190 15000 120000
T i
Pheaolics T
: s
4-chloro=3-sethylphenol <50 <%0 <5 <10 -~ <80 <250
Z-Cblorophencl <50 <50 <5 <10 <50 <250
0~Cresol <50 <10 <3 <to <50 <250
M=Cresol <50 ¢ <10 ¢ [$ 3 <10 ¢ <50 pe <250 pe
p~Cresol <50 ¢ <10 ¢ <5 ¢ <10 ¢ <50 pe €250 pe
2,4=Dichlorophensl <30 <%0 <% <10 <50 <250
2,4-Dimethyipbecol <30 <30 <5 <10 <50 p <250
2,4=Dinitrophenol <250 <250 <25 <50 <250 <1250
2-methyl-4,6-dinitrophenol <250 €150 <13 <50 <2%0 <1250
1-Hitropheuol <50 <50 <3 <10 y!<50 <250
4-Nitrophenol <50 <50 <5 <10 <50 <250
Pentachlorophenol 6100 2400 380 1100 2500 2900 12000
Phanol <30 p <50 <5 <10 <50 <250
2,4,6=Trichlorophencl <30 <50 <5 <10 <50 <250
Matals
Arsenic (filtered) 3 <1 26 4 5 o
Copper (filtered) 0.7 <0.5 5.7 0.6 4.2 1.8
Chromium total (filtered) 1.0 <0.5 2.0 0.5 1.1 <0.5
Chromium, hexavaleot <20 <] <20 1 9 <1

Small peak in chromatogram below method dete

P

c Coeluting compound (congentrations reporte
are Chrysene/Triphylecs and Benzo

[ Statistical analysis indicates a

DLRD Mot detected.

ND Not detacted.

d

ction limit.
vith the List | compound).
(b )fluorsathens/Banze{k )fluoraachenn.

potential falee positive value,
Detection limit oot determined.

Coeluting coapounds

| MN-COMP-A 0078302
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TABLE 8 (cont!)
SHALLOW GROUNDWATER QUALITY
{concentrations in ug,fi)_/—f"”—"g"ﬂ j22.
— )
¢ & v“ . 10 o
: 133
A 4’ \“’ vz VI anves
\-{‘ “\-_ wizt 9‘ \'1‘ - \7‘\ M__ ________________
'Jx/ 03/29/8% 05/06/8% 03/26/85 05/06/85 03/26/85 08/07/85
List | PAB/Heterocycles
Benso(a)anthracene <.00)]  <0.00%0 <0.00L0 <0.025 <0.0L0 < ¢0.010 <0.00%0
. Benszo(b)fluoranthene <.bpll <0.0050 ¢ <0.0010 ¢ <0.02%3 c <0,010 ¢ < ¢0.010 ¢ <0.00%0 ¢
@ Banzo(ghilperylene {.Dotl <0,00%0 <0.0010 <0.023 <0,010 < <0,010 <0.0050
Benzo{s)pyrens <.00 <0.0050 <0,0010 <0.025 <0.010 £ <0.010 <0, 0050
Chrysete <0.0050 ¢ <0.0080 ¢ <0.025 ¢ - <0.01Q0 ¢ <<0.010 ¢ <0.0050 ¢
Dibens(ah )snthracens _ o <.ggu_5o:onroﬁ__ <0.0014 <0.035 <0.014 < <0.014 <0.0070
Indeno(l,2,3,cd)pyrene e QQLL-<°‘°°85 <Q.0017 <0.043 <0.017 < ¢0.017 <0,008%
Quinoline ' <0.0050 <0.0010¢ <0.015% <0.010 <0, 010 <0,0050
Sum Lisc | NP sD W AP ND ND  wp D
List 2 PAH/Heterocycles
Y
® Acenaphthene £.010 €0,006% <0.0013 < 2.3 .1 NS 1—/'310/.013 <0.0065
. Acenaphthylens 560 <0.0050 <0.0010 < 0.048 <0.010 ¢ £2X0.010 <0,0050
Acridioe <0.009¢ <0,0018 < <0,045 <0.018 <0.018 <0.0090
Aothracena <,01l <0.0050 <0.0010 < 0.64 0.069 . 0a2L%6.010 €0.00%0
Beuzo(k )f luoranthenas €0,0050 ¢ <0.0010 ¢ £ <0.02% ¢ <0.010 ¢ ¢ ¢ <0.010 ¢ €0,0050 ¢
2,l~-B¢nsofuran DLND 0,0041 .5040DLAD DLAD DLED DLND
Bengo{a Jpyrene <(,0050 <0.0010 <0.02% <0,010 <0.010 <0,0050
| Senzo(b Jehiophena <0.0050 <0,.00190.490/3 0,051 0,020 .06 0.8 9,5%
. Biphenrl <0.0050 0.0017 -00i3<0,02% <0.010 <0.010 <0,00%0
: Carbasole <0.0055 <0.0011 5.1 5.0 /.9 <0.011 <0.0072
Dibsasothiophens DLND DLND DLND 0.063 DLND DLAD
Dibenzofursn <0.010 <0.0020 4.8 <0.020 /.a <0.020 <0.010
) _2,3-Dibydroindens <0,0070 0.0072 4070 0.90 0.17 -2 1.1 1.1
} Fluoranthene <0011 <G.0030  , 0.0020 .40/4 <0,023 0.23 < € <0.010 0.078
; Tluorens <pll <0.0070 <0.0018 < <0,035 0.74 eﬁ?o.u1a <0.0070
i wlndens <0.0050 0.0029 0034 <0,02% 0,0087 01D 0.13 0.13
‘ [odole <0.0145% <0.0029 <0.072 <0,029 <0.029 <0.014
Y Isoquinoline DLND DLND _ DLHD DLND DLRD DLHD
g L-Methy luaphthalens 0,011 0.0040, 204% 0.098 0.087 030 . my2 0.015
Z-Mathyloaphthilens <0.010 0.0058 . #5272 <0,0%0 <0.020 .0a4 <0,020 _D.,024
Napbthalece a0 0.018 0.012 s 9415 <0, 048 0.048 .ofibgﬁ_oel 0.039
Perylens <0.0050 <0.0010 — <0.02% <0.0l0 _ <0.010 <0.0050
Phenanthrene 2 01 0.0091 0.0021 08/ <0.025 0.140 ¢ £¢0.012 0,093
Pyrens <. ptl <0.0030 0.0019 .o0/7 <0.023 0,071 ¢ ¢<0.010 0,033
Triphenylans T <0.00%0 ¢ <0,0010 ¢ <0.025 ¢ <0.010 c <0,010 ¢ <0.0050 ¢
Sum List 2 0.034 0.044 052413 9.3 41 2.9 2.2
L J )
Phenolice
4=chloro-3-methylpbenol <3 <5 <5 <5 <5 <5
‘s 2-Chlorophenol <5 <3 <5 <5 <5 [$]
O=Cresol <3 <5 <5 <5 <5 <5
M=Cresol <3 e <5 e <$ <5 <5 ¢ <3¢
P=Cresol 5 ¢ <3 ¢ (¢} . <5 <Y ¢ <% ¢
2,4=Dichlocophencl <3 <5 <3 <5 <5 <5
] Z,4-Dimethylphenol <5 <3 <5 <5 <5 <5
2,4=Dinitrophencl <15 <2% <25 <23 <25 <25
l-methyl=-4,6~dicitropheacl <25 <25 <25 <23 <2% <25
2-Ritrophenol <% <3 <5 <5 <5 <5
4~Nitrophenol <5 <5 <5 T<5 <% 31
Pentachlorophenol <5 <5 <S5 p Sop 5.8 <5 p
Phenol < <5 <5 <3 <% <5
2,4,6-Trichlorophenol <5 <3 <5 <5 <5 <%
® Metals
03/26/85
Arsenic {filtered) 6 <1 8 10 .7 3
Copper (filtared) : 1.9 40,3 2.4 <0.5 4,7 6.6
' Chromium, total (filtered) 0.34 <0.% 0.37 <0.% 1.2 <0.5%
Chromium, hexavaleat <l <l <1 <1 <t ¢l
.' P Small pesk in chromatogram belov method detection lisit.
<

Coeluting compound {concentrations reported with the Liet 1 compound). Cosluting compounds

ars Chrywene/Iriphylene and Benzo(b)fluorantheue/Benzo(k)flucraachens.
s Statistical acalysis indicates a poteatial false positive value.
DLAD Not detected. Detection limit not determined.

D Not detected.

_ MN-COMP-A 0078303
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TABLE 8 (cont.)
SHALLOW GRO’[JJJI%DWATER QUALITY
[
w S (concentrations in ug/L)
Jad o & W .
L] !Jb l‘J\ &1, 1
wize 27! ,9\ wis a5 v wizs 165 \5‘7
-y e e ')
. 03/26/85% 03/06/8% 03/26/85 05/06/8% 03/28/8% 0%/07/85 1’“
List | PAH/Beterocycles *%*FDL
2247 (a)
. Benzola sothracage <0.0010 ¢0.0010 <.002%0.010 <0.00190 0.012 <0.0019
ﬂu°'°(b)fluorlﬂ=h'ﬁ- <0.0010 ¢ <0.0010 ¢ <0,010 ¢  <0.0010 ¢ €0.0020 ¢ 0.0047 ¢
i kt;--————:“s{t};i_’?:,!ﬂ!'“ <0.0010 <0.0010 <0.010 <0.00L0 €0.0020 <0,0010
AT Cheveene Siboloc <aeoloc <oloc  <o.0l0 00080 ¢ 00010
" N . e . e . e . e <0.0020 0.0010 ¢
: 27§35~~~ Dibens(ab)entbracene <0.0014 <0.0014 <0.014 <0.0014 <n.ogzn © <o.0018
QAT TR Int}lnofl.l.l.cd)pyrnt <0.0017 <0.0017 <0.017 <0.0017 <0,0034 <0,0017
Quinoline <0.001¢ <0.00t0 €0.010 <0.0010 <0.0020 <0.0010
Sum List ! 8D D ND wp D MDD 0.012 0.0057 ND
List 2 PAE/Hetarocycles
Acensphthens €0.0013  <¢0.0013  <0.013 <0.0013 -0931 <¢o,0028  <0.0013 0o/
Acenaphtbylens <0,0010 <0,0010 <0.010 <0.0010 -%%4T  <0.0020 <0.0010 .o0//
S‘l“k Acridise <0.0018 <0,0018 <0.018 <0.0018 <0,0036 <0.0018
252 Anthracens <0.0010 0.005%0 <0.010 0.0017 <0.0020 0.0013
_A5233  Besso(kifluorsnthens <0,00l0 ¢ <0.0010 ¢ <0.010 ¢ €0.0010 ¢ <0,0020 ¢ ¢
1,3-8eusafursn DLHD DLAD DLAD 0.00%3 .00 DLED 0.0032
hn:o(u)pﬂ:tﬂ. <0.0010 <0.0010 <0.010 <0.0010 <0.0020 <0.0010
Benso(b)thiophens <0.0010 <0.0010 .0022 0,34 0.018 -15¢ o.00D 0.0022 ,008E .
Biphenyl 0.0026 <0.0010 0.023% 0.014 L0054 0,0028 0.0018 007
Carhuolc_ <0,0011 0.011 2.0 1.2 1. 670 <0.0022 <0.0011
Dibenzothiopheue oLND DLAD DLND DLMD 0.0081 DLND
Dibenzofuran <0,0020 <0.0020 0.17 0.12  .0¥7  <0,0040 <0,0020
2,3«Dihydroindena 0.011 0,0075 2.99750,037 0.018 r03‘f 0.0067 0,019 , 017
Fluoraathane 0.0080 0.028 <0,010 0,006) .0420 0.0064 <0,0067
Fluorsne <0.00i4 <0.0014 <0.014 0.0039 .oo/Y o0.0078 <0.0014
lodena 0.00% 0,0030 4925 0,012 0,004 L 0/5  0.0020 0,0032 s , 0050
Indol, . <2.9 0.0029 057 <0.029 <0, 0029 <0, 0058 <0.0029
lsoquinoline DLND DLAD DLED DLAD DLAD DLRD
L-Mechyloaphthaleoe 0.012 0.0047 234 co.012 g.014 236 0,019 0.021 .033
1-Mathyloapbthalens 0.014 0.0081 03¢ <0,020 0.017 53 0,023 0,04l 253
Naphthalens 0,043 0.018 .03C 0,023 0.023 082 0,022 0.037 Lo 9%
Perylena <0.0010 <0.0010 <0.0t0 <0,0010 <0.0020 <0.0010
Phenanthrens 0.00%0 0.025 <0.010 0.015 .e00 0,00 0.0066 oo/
Pyrene 0.0073 0.012 <0.010 0.0030 9032 0.016 <0.0040
Trwhfn!l!ﬂl <0,0010 ¢ <0.0010 ¢ <0.010 ¢ <0,0010 ¢ _ <0.0020c ¢
Sum List 2 .11 0.13 079 2.6 1.5 /.5 0.15 0.14 A7
Phenolice
4-chioro=3-wetbyiphenol < <8 <5 <5 <5 <5
2-Chlorophenol [$] <95 <% <5 <5 <5
O=Cresol <5 <5 <5 <5 [4] <5
M=Cresol <5 ¢ S ¢ <5 e <5 ¢ <% ¢ <5 ¢
p=Cresol <% ¢ <5 ¢ <S¢ <S5 ¢ <5 ¢ <% ¢
2,4=Dichlorophenol <$ <5 <5 <5 31 <
2,4-Dimethylpbenocl <5 <3 <5 <3 <y <5
2,4=Dinitrophenol <25 <25 <25 <25 <25 <23
2-methyl-h,6-dinitrophensl <193 25 <25 <2% <25 <23
2-Nitrophenol < <5 <% <5 L] <5
4-Hitrophenol <5 <3 <s <5 <5 33
Pentachioropbensl <5 Sp. < 13 6.7 ik, s <5
Phesol < Ty <5 <5 q <8 <4 <
2,4,6~Trichlovophencl <5 <% <% <5 <S <5
Macals
Arsenic (filtaced) 7 7 5 <1 7 19
Copper (filtered) 3.9 il 3.2 .1t 5.7 <0.%
Chromium, total (filtersd) 0.84 <0.% 0.33 <0.% 0.84 1.0
Chromium, hexzavalesot <l <l <t [3} - <1
p Small peak io chromatogfem belov method detaction limit.
c Coeluting compound (concentratioas reported with the Lisc 1 compound ). Coeluting cowpounds
asre Chrysens/Triphylene snd Benzo(b)fluoranthene/Banzo(k }fluoranthene.
s . Statistical analyeis indicstes a potentisl false positiva value.
DLAD Mot detected. Detection limit not deterwined.
WD Rot detected.

Not analysed.
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TABLE 8 (cont.)
SHALLOW GROUNDWATER QUALTITY
{concentrations in ug/L)

Howg Ser mples \

Po2

05/22/8% 05/21/8% 05/22/8%

List | PAB/Batarocyclen

Beoto{a Janthracene <5.0 <1.0 <0.0050
Bengo{b)f luoranthene <5.0 ¢ <l.0¢c <0,0050 ¢
Benzo(ghi }pecyleca <%,0 <l1.0 <0.0050
Benzo{a)pyrens <%.0 <t.¢ <0.005%0
Chrysans <%.0 ¢ <l1.0 ¢ <0.00%0 ¢
Dibenxz(ah Janthracens <5.0 <t.0 <0.0070
tndeno(l,2,3,cd }pyrene <5,0 <1.0 <0,0085
Quinolioe <5.0 <l.0 <0.0050
Sum List 1 XD . D

List 2 PAH/Hetwerocycles

Acenaphthens <5.0 .0 0.018
Acenapbthylene <5.0 <1.,0 <0.0050
Acridice <5.0 <i.0 <0.0090
Anthracene <5.0 <l.0 <0,0050
Beazo(k }{ luoranthene <5.0 ¢ <t.0 ¢ <0.005Q ¢
2,3-Bensofuran <5.0 <l.0 0.014
Benso{s )Jpyrena <5.0 <1.0 <0.0050
Banzo{b)thiophens <5.0 <1.0 <0.0050
Biphenyl <5.0 <1.0 0.0053
Carbaszole <5.0 <t.0 <0,0055%
Dibensothiophens <5.0 <1,0 0.0078
Dibensofursn <5.0 <i.0 <0.0010
2,3=Dibydroindens <5.0 <1.0 0.062
Fluoranthane - <5.0 <1.0 0,0070
Fluorense <5.0 <l.0 <0,0070
Indens <5.0 <1.0 0.0068
[ndole <5.0 1.0 <0.01l4
lsoquinoline <5.0 <1.0 DLKD
[-Mathyleaphthalene <5.0 <1.0 0.042
2-Methyloaphthaleas <5.0 <l.0 0.085
Naphthaleae <5.0 <1.0 0.094
Peryleas <5.0 <1.0 <0.0050
Fhenaathreue <5.0 <1.0 0.005
Pyreae <5,0 <1.0 0.0053
Triphauylene <5.0¢ <1.0 ¢ <0.00%0 ¢
Sum List 2 ND RD 0.35
Phenolics

4=-chloro~3-methylpbenol <% <5 <5
I-Chlorophenol <5 <5 <5
0=Cresol <% <5 <5
M—Cresol <5 ¢ <5 ¢ <5 ¢
P=Cresol <5 ¢ <5 c <5 e
2,4=Dic¢chlorophencl <5 <5 <5
2,4=Diaesthylphesol <5 <5 <5
2,4-Dinitrophenol <25 <25 <25
2-methyl=~4,6~dinitrophenol <25 <25 <25
2-Nitrophenol <5 <5 <5
4=-Nitropbenol <% <% <5
Pentachlorophencl <5 <5 <5

w.Ehegel £5.0 <5 7
2,4,6=Trichlorophenal <Y <5 _—

Matals
. Arsenic (filtered) <1 <l <1

Copper {filtered) 0.8 0.6 <0.%
Chromium, total {filtered) 0.5 <0.5 <0.5
Chromium, hexavalent <l <l <l

p Saall pesk in chromatogram below method detection limit.

c Coeluting compound (concentrations reported with the List 1 compound), Coelutiog coapounds

are Chrysene/Triphylece and Benso(b }fluorancthans/Benzo(k )f luoranthene.
. Statistical analysis indicates a potential false positive value,
DLED HNot detected. Detection limit not datermined.

%o . A0
| ND .-:: detected MN-COMP-A 0078305



1 | c/-n

ND AP

17

8.f

160

W7

u‘nzz’

EA

ND

039

4D

&/Fa

D

,009

)

125

3/34 %?c

AJD WD

j80 2.4

MN-COMP-A C07£306



o

TABLE 9

MID-DEPTH GROUNDWATER QUALITY

(concentrations in ug/L)

b2

\

g2

N

. Yot
w20l ¥206 o —
(' -
0o 1285 0s1067856f o1/29785  osor/ms K
List | PAR/Heterocycles
Benzo{a)snthracens <0,0010 <0.0010 <0.02% <0.010
Benzo{b)fluorsathena <0.0010 ¢ <0.0010 ¢ <0.025 ¢ <0.0i0 ¢
Benzo{ghi)perylenes <0.0010 <0.0010 <0,025 <0010
Senzc(alpyrene ’ €0.0010 <0,0010 <0.025 <0.010
Chrysans <0.0010 ¢ <0.0010 ¢ <0.025 ¢ <0.010 ¢
Dibenz{ab)aothraceca <0.0014 <0.0014 <0.035 <0.014
Indeno{1,2,},cd)pyrens <0.0017 <0,0017 <0.043 <0,017
Quinoline <0.0010 <0,0010 <0,02% <0.010
Sum Liet 1 ND HD !\IP XD ND /‘9
List 2 PAR/Hetsrocycles
Acensphthane <0.0013 <0.0013 2,5 1.900
Acenapbthylece <0.0010 <0.0010 0.028 <0.010
Acridine <0.0010 <Q.0018 <0.0435 <0.018
Anthracens <0.0010 <0.0010 <0.023% 0.023
Senzo(k )fluoranthens <0.0010 ¢ <0.0010 ¢ <0.025 ¢ <0,010 ¢
2,1-Benzofuran DLRD DLND DLAD DLND
Benso(e jpyrens <0.0010 <0.0010 <0,025 <0,010
__Benso(bjthiophazne €0.0010 <0,0010 1.2 1.1
Biphenyl 0,0021 <0.0010 0.057 0.057
Carbazols <0.0014 <0.0011 0.34 0,60
Dibenzothiophene DLAD DLND 0.026 0.065
Dibenszofuran <0.0020 <0.0020 0.7%5 le2____
[2,3-Dibydrdindens 0.0066 0.0034 o 2.2 3.1
"Fluotaothene <0.001L1 <0,0010 <0.02% 0,065%
Fiuorene <0.0014 <0.0014 0.62 0.90
" Indene 0.0052 0.0016 » 0.49 0.46
Indole <0.0029 <0.0029 <0,072 <0.029
isoquicoline DLND DLND DLND DLND
|-Methy lnaphthalens 0.00&0 <0.0012 0.47 0.33
2-Methyloaphthalens 0.0084 0.0020 » 0.33 0.066
Fapbthalene 0.018 0.0090 s 0.49 0.25
Pecrylens <D.00t0 <0.0010 <0.02% <0,010
Phenaothreune <0.0010 <0.0010 0.36 Q.68
Pyrens <0.0010 <Q.0010 <0.02% .03
Triphenylece <0,0010 ¢ <0.001 ¢ <0.025 ¢ <0.010 ¢
Sum List 2 0.044 0.016 42 9.9 12 L)
Phealoics
4=-chloro=3-aethylphenol <5 <5 <5 <5
2-Chlorophenol <5 <5 <5 <5
0-Crasol <5 <% <% (4]
M=Cresol <5 e <5 e <5 ¢ <S¢
P-Cresol <5 ¢ <5 ¢ <S¢ <5 e
2,4~Dichlorophenol <5 <5 <5 <5
2,4~Dimathylphenol <5 <5 <5 <35
2,4«Dinitrophencl <28 <25 <25 <25
2-mathyl~4,6-dinitropheccl <25 <25 <25 <29
2=-Kitrophenoct <3 <5 <% <3
4=-Hitrophenol <5 <5 <5 <3
Pentachlorophenel <5 <5 e <5 _p
Phencl <3 5 . <5 <5 2.0
2,4,6-Trichlorophennl 3] <s Ap <3 &5 p—=P
Metals
03/128/85 a1/28/85
Arsenic (filtered) 4 - <1 8 <1
Copper (filtared) 5.3 <0.% 1.3 .0
Chromium, total (filtered) 1.4 <0.% 1.3 <0.9
Chromium, hexavalent <l <1 <20 <1
P Saall pesk in chromatogrem below matbod detection limit.
3 Coeluting compound (comcantrations teported with the List | cowpound). Coeluting compounds
are Chrysece/Triphylecs and fenzo(b }f luoranthene/ Benso(k )fluocanthens.
[ Statistical analysis indicates a potential falee positive value.
DLFD Not detected. Detection limit mot determined.

HD Not detectud.

o mm e
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MID-DEPTH GROUNDWATER QUALITY

oat (L

TABLE 9 (cont.)

(concentrations in ug/L)

39
‘l \ N
-— T 9107 7 ‘ w208 9
43
."—)—2%;( W 03/28/85  05/16/856/5c 01/29/85  05/07/85 /et
et Y el List | PAH/Heterocylas
76 &t
opq3 ey Benso{a)anthraceas <0.050, <0,50 <0.0050 0.0013
0¥ oot Benzo(b)fluoracthens <0.050 ¢ 0,50 ¢ <0.0050 ¢ <0.0010 ¢
.oot¥ Ol Benzo{ghi)peryleas €0.050 <0.50 0.071 <0.0010
bov, 806T Benszo(a)pyrene €0.0%0 <0.50 <0.00%0 <0.0010
Chrysene <0.0%50 ¢ 0,50 ¢ <0,00%0 ¢ 0,0013 ¢
Dibenz(ab)snthracece <0,070 <0.50 <0.0070 <0.0014
L002% 0053 todago{l,2,3,cd Jpyrens <0.085 <0.50 <0,008% <0.0017
Quinoliae <0,050 <0.50 0.0074 <0.0010 /
f‘“) Sum List | ND ND 03 0,078 0.0026 o33
N L,OoN3 Bentol k) {lupramthene ’
List 2 PAH/Raterocycles
15 A8 Acensphthens 15 16.0 0.80 0.13
43 39 Acenaphthylene <0,0%0 <0.%0 0.42 0.049
Acridine <0.090 <0.50 <0.0090 <0,0018
Anthracene 0.4 i.2 0.020 0.0051
Benso(k )fluoranthens <0.030 ¢ <0.50 ¢ <0.00%0 ¢ <0.0010 c
1,3-8snzofursn DLAD <0.50 0.0072 0.0043%
Benxo{s )pyrena <0.0%0 <0.50 <0.0050 <0.0010
Beuso(b thiophene 0.24 <0.50 0.24 0.040
Bipheayl <0.0350 <0.50 0,046 0.0054
Cacrbazole 1.9 2,0 0.12 0.031
Dibensothiophens .9 1.9 0.012 0.0065
Dibenzofuran 4.3 6.6 0.1% 0.021
2,3-Dihydroindeca 6.4 6.2 0.32 0.067
'ogif 'if;' Fluoranthene 0.38 <0.50 0.022 0.039
. ' Fluorene 0.85%5 7.3 0.20 0.034
Indene 0.43 <0.50 0.072 0.013
Indale <0.14 <0.50 <0.014 <3, 0029
Isoquinclice DLHD <0.50 DLND DLKD
L-Methy laaphthalens 4.8 4.6 0.19 0.020
2-Mathyloaphthalens 1.4 2.0 0.033% 0.00%%
Raphthalens 0.48 <0.50 1.3 0.17
Perylans <0.050 <0.50 <0.0050 <0.0010
Phenanthrene 2.0 1.2 0.25 0.10
Pyrene 0.29 <0.50 0.027 0.028
;16’ Triphanylene <0.050 ¢ <0.50 ¢ <0.0050 ¢ ¢
Sua List 2 42 40 1. 6.2 0.77  A¥
Pheoolicse
4-chloro=-3-nethylphenol <35 <5 <5 <5
2-Chlorophenol <5 <% <5 <5
0=Cresol <5 <5 <s <5
M-Cresol <5 ¢ <5 ¢ <5 c <5 ¢
P~Cresol <% ¢ 5 ¢ <5 e <5 ¢
1,4~-Dichlorophencl <5 <5 <Y <5
2.4=Dimethylphenol <5 <5 <5 <5
2,4-Dinitrophencl <28 <28 <25 <25
2-asthyl-4,6-dinitropheasl <25 <25 <25 <25
2-Nitrophenol <5 <5 <5 <$
A-Nitrophenol <5 <5 <5 <s
¢ Pentachlorophenol LS 15 16 <5
ﬂD 1 Phensl T8 TS It <5
“}y'fl of 2,4,6-Trichloropheaol < s 55 < s MDD
- a:} Metsls
01/28/8%
Argenic (filtered) 5 <1 11
Copper (filtered) 5.4 <0.% 1.5 <0.%
Chromium, total (filtered) 0.98 0.3 1.6 <0.5
<l <} <20 3

Chromium, hexzavalent

N

DLED HNot datected.

N

Small peak in chromatograa belov method detection limit.

Coaluting compound {(concentratios
are Chrysena/Tripbylecs and Beuso

s teported with the List 1 compound ).
(b)flucranthenn/Benzo(k }{luorsathane.

Sracistical aoalysis indicates a pocential falae positive valus.

Not detected.

Detection limit not determioed.

Coeluting cowmpounds

MN-COMP-A 0078308

(
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TABLE 10
DEEP GROUNDWATER QUALITY

(concentrations in ug/L)

—._M—‘—"_'_"—\_.——"_\\_\\

192" degp

W300 - fa/cw'f

w

4
St. Peter *némp“

St. Pater Sandstone/ Prairie
Formaticn Prairie du Chien du Chien Sandstons
V100 300PDC 31008TP
12/11/86  03/28/85V " 04/23/85  04/23/83 s frs VA 74
List | PAE & Beterocycles
Benzo (4 )anthracene <0.0020 <0.0019 €0.0010..- . <0,0010 -&23b
Benso{b }f lucranthene <0.0020 ¢ <0.0010 ¢ <0,00l0 ¢ <0,0010 ¢
Benzo(ghi Jperylens <0,0020 <0,0010 <0, 0010 <0.0010
Benzo{a)pyrene <0,0020 <0.0010 <0,0010 <0.0010
Chrysens €0.0020 ¢  <0.0010 ¢ <0.0010 ¢ .<0.0010 ¢ .O233
Dibens(sh)sathracens <0.0028 <0.0014 <0.0014 <0.0014
Indeno{l,2,3,cd)pyrens <0,0034 <0, 0017 <0.0017 - <0.0017
Quinoline <0,0020 <0,0010 <0.0010 <3.0010 P ND
Sum Lisc ! WD D xD {ND 006G € /W
List 2 PAE & Hetwrocyclaes
Acenaphthene <0.0026 <0,0013 0.0051
Acsoaphthylece <0.0020 <0.0010 <0.0010 .00
Acridine <0.0036 <0,0018 <g.0018
Anthracene <0,0020 <0.0010 <0.0010
Benzo{k )} lucranthens <0,0020 ¢ <0.00i0 ¢ <0.0010 ~a
2,3-Benzofuran 0.010 0.00246 0,003 . / ‘00,31‘
Benzo (e )pyrens <0.0020  <0.0010  <0.0010 Q ~
Benxzo{b)thicphene <0.0020 <0,0010 <0.0010 1. P
Biphenyl <0.0020 <0.0010 0,0027 gj . DO/2
Cacrbazole - . <0.0022 <0.0011 <0,.0011
Dibentothiophens DLND DL KD 0.012 , T
Dibeuzofuran <0.0040 <(.0020 0.0048
2,3-Dibydroindene 0.0099 0.0068 0.0029 Lode3
Fluoranthene €0.0020  <0.0010  0.0044 1 AL
Pluorens <0.0028 <D.00la 0.,0070
Iodene 0.0050 0.0027 0.0013 L0043
Indole <0.0058 <0.0029 <0.0029
[soquincline DLND DLND DLRD C>
I-Methyinsphthalene 0. 0060 0.0016 00039 f§ oo 002}
2-Methyloaphthalene 0.0076 0.002% 0.0048 ? t LO037
Naphtbhalens 0.022 0.015 0.0084 LO0Y¥7
Perylens <0.0020 <0.00t0 <0,0010
Phecanthrene <0.0020 0.002% 0.022 L (A : ,;"’
Pyrene <0.0020 0.0028 0.0027 WIE e 2
Tripheoylene <0.0020 ¢  <0.0010 ¢  <0,0010 - &m@,ﬂ 1
Sum List 2 0.061 0.036 °  0.08s A sar Y36 ,
P . ]
Phenolic Compounds R(ncr@S(ﬂj
4-chloro-3-methylphenol <5 <5 <5 <5
2-Chloroptenol <5 <35 <5 <5
0-Cressl <5 <5 <5 <5
M=Cresol <5 ¢ <5 e <5 ¢ <5 ¢
F=Cresol <5 e <5 e <5 ¢ <5 ¢
1,4=Dichlorophencl <5 <5 <5 <5
2,4-Dimethylpbencl <5 <5 <5 <5
2,4=Dicitrophecocl <25 <25 <25 <25
2-methyl-4,6dinitrophenol <2% <25 €25 <25
I-fitrophensl <5 <5 <5 <3
4=Mitrophencl <5 <5 <5 <5
Peutachlorophagol <5 <5 <5 <5 <
Phenol <5 <5 <% <3
2,4,6=Trichlorophencl <5 (4} <5 <5
Metals
Arsenic (filtared) - 4 <1 <1
Chromium, total (filtered) - 1.6 L.4 3.2
Copper (filtered) - 2.1 2.0 1.0 ;o v :. -
Chromium, hexavalent (filtered) - <l <1 <1
MN-COMP-A 0078209
p Small peak in chrowmatogras below method detacticn limic. )
c Cosluting compound (concentrations reported with cthe List 1 compound). Coweluting compounds
are Chrysene/Triphylene and Sepzo(b)f luoranthene/Benzo(k )fluoranthens.
[ Statistical acalysis indicatas a potential lalse positive valuas.

DLED. Mot detscted. Detection limit aot deteruined.

RD Hot detected.
- Hot snalysed.
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TABLE 10 (cont.) .
DEEP GROUNDWATER QUALITY
(concentrations in ug/L)
307 — { \
131 \"‘J}\ \
Focmation Valley Fill Saad gE,Sc. Pater Ssndstons -
Wwiol (‘i w307
Sriieres  0si06/8s° o3f27/85 030185 [2[i3f35 30 ey
List | PAH/Hetarocycles
Benzo{a)anthracens . 0,0045 <0,0010 <0.0020 0.0013
Benzo{b}flucranthene 0.014 ¢ <0.0010 ¢ <0.0020 ¢ <0.0010 ¢
Benzo(ghiperylens <0.0010  <0.0010 <0.0020  <0.0010 - @
Banzolalpyrens 0,0017 <0,0010 <0.0020 <0.0010
Chrysens 0.0t1 ¢ <0.0010 ¢ 0.003%3 ¢ <0.0010 ¢
Dibenz{ah)snthracese <0.0014 <0.001l4 <0.0028 <n.0014
todeno{i,2,3,cd)pyrens <,0017 <0.00L7 <0.0034 <0.0017
Quinoline <0.0010 <0.0010 <0.0020 <0,0010
Sum List 1 0.031 ND NP _0.0033 0.0013 Np NP N
, PRI .
List 2 PAH/Hetarocycles l.\‘{\ pb {4
Acenaphthens 0.0026 <0.0013 0.069 0.0k1 D05
Acenaphthylece <0.0010 <0,0010 <0.0020 <0.0010 001“/
Acridiae <0.0018 | <0.0018 <0.0036 <0.00L8
Anthraceos 0.0024 <0.0010Q <0,0020 <0.0010
penso{k }luorsnthens c <0.001 ¢ ¢<0.0020 ¢ <0.0010 ¢
2,1-8euzofursn 0.0018 DLHD 0.003%53 €.0066
Banzo(e)pyrene 0.0033 <0.0010 <0,0020 <0.0010
___Bengo{b)thiophene  __ . _<0,0010 . <0.0010  _0.033 0.018. _ .00 _ P
Biphenyl 0.0028 <0.0010 0.024 0.014 0I5
Carbazole R __0,0034 __ <0.0011 0.08__ _ _0.037 _ .p3
Dibensothiopbens 0.010 DLND 0.0037 0.0030 -3 )
Dibenzefuran <0.0020 <0.0020 ¢.013 0. 0042 . D065
___2,3-Dihydroindens 0.0022 _0,0017_s3022 0.80 0.33 ke
Fluorantheus 0.031 0.0029 .s0id 0,0083 0.013 .0O7Y
fluorene 0.0048 0.0024 0.0073 0.0033 .oofé .
Iadene o 0.0020 __ 0.0013 s2od 0.034 0.019 YA
[adole <0.0029 <0.0029 0,036 <0. 0029 .
Isoquinolioe DLED DLAD DLED DLED
l~Metbyloaphthalecs 0,0073 <0.0012 0.044 0.016 Lofp
2-Methyloaphthalene 0.0091 <0.0020 0.0059 0.0087 . o0f0
Haphthaleue 0.011 0.0063 » 0.081 0.016 » 0078
Parylene <0.0010 <0.00t0 <0.0010 <0,0010
Phenssthrene 0,043 0.036 .0+ 0.013 <0.024 0087
“pyrens - T TTol0 0.0039 0.g08s0.013 . o08¥
Tripheuylaene c <0.001 ¢ ¢ <0.0010 ¢
Sum List 2 0.16 0,053 ([ 1.3 0.53 ca v .3l @
— . J
Pheaoli k{0 k)
wnolice B 033
4=chloro=3-methylphenal <5 <5 <% <5
2=Chleorophencl <3 <5 <5 <5
0-Crescl <5 <5 <3 <5
M-Cresol <5 ¢ <5 e <5 ¢ <5 ¢
P—Cresol <5 ¢ <5 ¢ <5 e <5 ¢ )
2,4=Bichlorophenol <5 <5 <5 <5 P
2,4-Dimethylphenol <5 <5 <5 <5 -
2,4-Digitrophenol <25 €25 <23 <25
2-methyl—%,6-~dinitropheaot <13 <25 <25 <25
2-Nitrophenol <5 <5 <S <5
4=Ritrophenol <5 <5 <5 <5
Peatachlorophenol <5 <5 < <3 <5
Fhenol <5 <5 <3 <5 :
2,4,6-Trichlorophenol <5 [4.] [$] (3] : ,
»
Matals
4
Arsenic (filtered) 6 <1 $ 1
Copper (filtered) 1.5 1.1 2.0 <0.9%
Chromiua, total (filtered} 1.2 <0.5 0,350 0.5
Chrowium, bezavalest (filtered) <l <1 <1 <1
P Smsll peak ic chromatogram below method detection limit. L
c Coeluting compound {concentrations reported with the List | compound}. Coaluting compounds
are Chrysens/Triphylene aad Banzo (b }fluorsnthene/8enso(k )fluoranthens.
» Statisticsl analysis indicates s poteatial fales positive value,
OLND HNot detected. Detection Limit oot deternined.
RD Hot detected.
MN-COMP-A €073310 ®
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TABLE 10 (cont.)
DEEP GROUNDWATER QUALITY

(concentrations in ug/L)

n®
o

3t. Peter Sandstone

Prairie du Chien

T6013— ot eaeeneln

Formation
well 263571 Wwall 203574
04/ 15/8% 0%/06/85 03/18/85 05/23/8%
List | PAR/Hetarocycles
Benzo(a jancthracens <0.0010 0.0040 <0.00L0 <0.0010
Benzo(b)fluoranthane ¢0.00L0 ¢ €.0031 ¢ €0,0010 ¢ <0.0010 ¢
tengo(ghi)perylens <0.0010 <0,0010 <0.0010 <0.0010
Benzo(a)pyrens <0.,0010 0.001% <0.0010 <0,0010
Chrysens <0.0010 ¢ <0.0049 ¢ <0.0010 ¢ <(,0010 ¢
Dibeaz{ah)anthracens <0.0014 <0,0014 <0.001l4 <0.0014
lodeoo(l,2,3,cd)pyrens <0,0017 <0,0017 <0.00t7 <0,0017
Quinalioe <0,0010 <0.0010 <0,0010 <0.0010
Sum Lisc 1 ND 0.013 - ND uD
List 2 PAH/Heteroccycles
Acenaphthane 0.0044 0.0027 <0.0013 0.0014
Acenapbthylens <0.0010 <0,0010 <0.0010
Acridine <0.0018 <0.0018 <0.0018 <0.6018
Anthracens <0.09010 0.0047_ <0.0010 <0,0010
Banzo{k )f luoranthene c 0.0051 ¢ <0.0010 ¢ <€0.0010 ¢
1,3-Bengofursn DLND DLND DLRD 0.011
Benzo{e Jpyrene <§,0010 0.0018 <0,0010 <0.0010
Beaso(b)thiophene €0,0010 <0.0010 <0,0010 <0.0010
"_Biphenyl 0.0023 0.0020 0.0037 _0.0041
Carbasole <0.0011 0.0061 <0.0011 <0,0011L
Dibenzothiopbene DLRD 070057 _ DLRD 0.0015
Dibenzofuran 0.0051 <0.0020 <0.0020 20700207
7,3-Dihydroindeae 10,0060 0.027 0.0083 0.0044 s
Fluoranthene 49,0019 0.028 070029 070062
Fluprene 0.0061 0. 0046 <0.0014 0.0020
Todens 0.0047____ 0.0032.s__ 0.0031 _ U.003% ¢
Indole <0.0029 0.040_ <(,0029 <0.0029
ILsoquincline DLND DLKD DLND DLND
_1-Methyloaphthaleos 0.0025 _ 0.0064 0,016 _____ 0.0L7
2-Methylonaphthalene 0.0034 0,0088 0. 0088 0.011
Naphthaleuse 0.012 0.018 s 0.017 0,013 »
Perylene <0,001C <0.001 <0.0010 <0,0010
Phenacthrene 0.0012 0.038 0.0033 0.012
Pyreus 0.0019 0.020 0.011 0,018
Triphenylene <0,0010 ¢ <0.0049 ¢ <0.0010 c <0 0010 ¢
Sum List 2 0.052 0.021 0.076 0.11
Phenolics
4=chloro-)—methylphenol <5 <5 <5 <5
2-Chloropbenol <5 <5 <5 <5
0-Cresol <5 <5 <5 <5
M=Cresol <5 ¢ <5 e <5 c <5 ¢
P~Cresol <5 ¢ <§ e <5 e <5 e
2,4=Dichlorophenal <5 <5 <5 <5
2,4=Dimethylphencl <5 <5 <5 <5
2,4=Dinitrophenol <28 <2% <23 <25
1-methyl-4,6-dinitrophencl [¥3] <13 <2% <25
2-Hitropasenol <% <5 <5 <5
4-Nitrophenol <5 <5 <5 (3]
Featachlorophancl <5 (5] <5 <5
Pheaol <3 <3 <5 <5
2,4,6-Trichlerophenol <5 <% <5 <5
Metals
Arsenic (filcered) <1 <1 & H
Copper (filtered) <0.5% <0.3 3.1 0.9
Chromium, total (filtered) 3.2 <0.3 1.2 <0,5
Chromium, bexsvalent <1 <1 2 <1

P
c

Small peak in chromstogram balov aetho
Coeluting compound (concanteations rep
are Chrysene/Triphylene and Benzo
Statistical analysis icdicates &

(b)fluocsnthens

d detection limit.
orted with the List | compound ).
/Benzo{k)fluorancthene.
potantial falee positive value.

.
DLAD Mot detected. Detsction liamit not deternined.

. ND

Aot detected.

D/Jl 2
'CJ“"
< o ¥
£ \ﬂ- "3
L
e
>

© MN-COMP-A 0078311

Coeluting compoutds
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List 1 PAE/Heterocycles

Beazo(a)enthracene
Benzo (b )f luoraathenas
3snzo(ghi)perylens
Benzo(alpyrene
Chrysscas

Dibenz(ah Janthracene
Indeno(1,2,3,cd }pyrene
Quinoline

Sum List |

List 2 PAH/Hetarocyclas

Acenaphthens
Aceunaphthylene
Acridine
Aothracens

Benzo (k ) luorauthens
2,3-Benzofuran
Benzo(e )pyrens
Beuzo(b)thiopheae
Bipheoyl

Carbazole
Dibengothiophens
Dibenzofuran
2,3-Dihydroindens
Flupranthens
Fluorene

Indens

ladole

Isoquinoline

| -Machylnaphthalens
2-Mathyloaphthalene
Naphthalene
Perylens
Phenanthrens

Pyrene

Tcipheaylens

Sum List 2

Phenolics

4-chloro-3-methylpbenol

i-Chlorophenol
0=Crescl

M=Crescl

P=Crewol
2,4-Dichlorophencl
2,4-Diaethylphenol
2,4~Dinitrophencl

2-methyl-4,6~dinitcophenol

I-Nitrophenol
4-Nicrophenol
Peatachlorophensl
Phenol
2,4,6-Trichlorophencl

P
¢

[
DLHD Not datected.

ND

S5mall pesk in chromatogran belov mechod detectiom limit.
Coetyting compouad (coucentrations reported with the Lise | compound).

TABLE 11
TWIN LAKES QUALITY

(concentrations in ug/L)

Ls! Ls2 L53
01/25/85 05/30/85 01/25/85 05/30/85% 01/25/8% 05/30/8%
0.057 <0.0010 <0.0020 0.005%0 <0. 0020 <0.0010
<0.0050 ¢ <0.0010 ¢ <0.0020 ¢ 0.015 ¢ <0,0020 ¢ <0.0010 ¢
0.043 <0.0010 €0.0020 0.009¢ <0.0020 <0.0010
0.038 <0.0010 <0.,0020 0.0058 <0.0020 <0.0010
0.064 ¢ <0,0010 ¢ 0.0024 ¢ 0.0057 ¢ 0.0020 ¢ <0.0010 ¢
<0.0070 <0.0014 <0.0018 <0,0014 <0.0028 <0,0014
0.048 <0,0017 20,0034 0.0070 <0.0034 <0.0017
0,009 <0.0010 0,006 ( <0.0010 0.02% 0.015
072671 ND 0.008%5 0.048 0.031 0.015
. e
0.0059 <0.0013 <0.0026 <0.0013 <0.0028 <0.0013
<0.0050 <0.0010 <0.0020 <0.0010 <0,0020 <0.0010
<3.00%0 <0.0018 <0, 0036 <0,0018 <0,0036 <0.0018
0.00%3 <0.0010 <0.0020 <0.0010 <0.00620 <0.0010
<(.0050 ¢ <0.0010 ¢ <D.0020 ¢ e <0.0020 ¢ <0. 0010 ¢
DLMD 0.0057 DLND 0.008%_ 0.0023 0.0052
0. 18 <0.0010 <0.0020 “p 0055 <0.0020 <0, 0010
—<0.0050 <0.0010 <0.0020 <0.0010 <0,0020 0.018
<0.0050 0.0018 <0,0020 <0.0010 <0.0020 0.005%
0.0087 <0.001! <0.0022 <0.001t 0.0062 <0.0011
DLAD DLND DLND OLED NLD DLHD
0.01% <0.0020 <0,0040 <0.0020 <0.0040 <0,0020
<0,0070 0.0026 s <0.0028 0,012 0.0043 0.0096 s
0.12 0.0019 0.0050 0,032 0.0096 7 —"_0.0080__
0.012 <0.0014 <0.0028 <0.0014 <0.0028 <0.001%
<0.00%0 0.0022 <0.0020 _0.00%2 <0.0020 <0.0010
<0.0l4 <0.0029 <0.0058 <0, 0029 <0.0058 <0.0029
0.010 DLND 0.0024 DLAD DNLD 0.012
0.017 0.0016 0.0 <0,0012 0.010 0.0027
0.01% 0.0028 ¢+ 0,006 0,0023 s 0.010 0.0032 o
0.019 0.012 » 0,012 0.0020 s  0.016 0.0096 »
0.0070 <0.0010 <070020 0.0011 <0.00200  <0.00f0
0.073 <0.0010 0.0061 0.00%2, 0.010 <0.0010
0,42 0.0034 0.0042 0.021 0.011 0,0064
< <0.0010 ¢ [ e ¢ <0.0010 ¢
062 0.0034 0.051 0.10 0.081 0.080
<% <% <5 <% <% <5
<S [$] <5 <5 <5 <5
<5 <5 <5 13 < <5
<% ¢ <5 ¢ <5 ¢ £% ¢ <5 ¢ <5 ¢
<5 ¢ <5 ¢ <5 ¢ <5 ¢ <5 ¢ <5 ¢
< <5 <5 3] <5 <5
<3 <5 <5 <5 <5 <5
2% (¥} ] <23% <25 <25 <25
<23 <25 <25 <25 <25 <25
<3 <5 <5 <5 <5 <5
3 <s <5 <5 <s <5
<5 (3] [£] <Y <5 (4]
<5 <5 <8 <5 3 <s
< < ¢S <% <5 <5
Coeluting compounds

are Chryseae/Triphylene asnd Benro(blfluoranthene/Benzo(k)fluoranthens.
Statistical analysis indicates & potential false positive value.

Hot datected.

Detection limit not determined,

 pM-COMP-A 0O
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TABLE 11 (cont.)
TWIN LAKES QUALITY

(concentrations in ug/L)

A

L34 LsS Lsé

0L/23/85 05/30/85% 01/25/85 05/30/8% 01/25/8% 05/30/85

Lisc [ PAH/Haterocycles

Benso(s Janthracene 0.21 0.0021 0.0051 <0.0010 0.0034 <0.0010
Benzo(b)fluocanthene 0,72 ¢ <0.0010 ¢ <0.0020 ¢ 0.0022 ¢ 0.022 ¢ <.0010 ¢
Benzc(ghi Jperylens 0.20 0.0029 <0.0020 <0.0010 0.0049 <0,0010
Benzolalpyrene 0.18 0.00t4 <0.0020 <D.0010 0.0034 <0.0010
Chryesue 0.29 ¢ 0,002 ¢ 0.0064 c <0,0010 ¢ 0.0077 ¢ <0,0010 ¢
Dibeas{ah Jaothracene 0.03¢ <0.0014 <0,0028 <0.0014 <0.0028 <0.0014
Indenc{1,2,3,cd)pyrens 0.21 0.0027 <0.0034 <0.0017 0.0058 <0.0017
Quinoline 0,033 0,0027 0.0l5% ¢.0020 . 0.0060 <0,0010
Sum List | =D 0,014 0.026 0.0062 0.0%3 ND

List 2 PAH/Hetsrocycles
Acenaphthens 0.021 <0.0013 <0.0026 <0,0013 <0.002 <. 0013
Acensphthylene 0.0087 <0.0010 <0,0020 <0.0010 <0.0020 <0,0010
Acridine 0.025 <0.0018 <0.0036 <p.00t8 <0.0036 <0,0018
Aothracene 0.042 <0.0010 <0.0020 <0,0010 <0,0020 <0,0010
Benzo{k }fluoranthecs e <0.0010 ¢ <0,0020 ¢ ¢ c <0,0010 ¢
2,3-Benzofuran DLAD 0.0051 DLRD 0.0041 0.0034 0.0042
Benzo{e)pyrene 0.25 0.0014 <0.0020 0.0014 0. 0049 <0.0019Q
Sengo(b)thiophene <0.010 <0.0010 <0.0020 <0.0010 0,003 <0,0010
Biphenyl <0.010 0.017 0.0030 <0.0010 <0,.0020 <0.0010
Carbaszole 0.047 <0.0011 0.0042 <0.0011 0.0040 <0.0011
Dibenzaothicphene 0.027 DLND DLHD DLND DLND DLKD
Dibensocfuraa <¢.020 <0.0020 <0.0040 <0.0020 <0.0040 <0.0020
2,3-Dibhydroiodene <0.014 0,0029 o 0,0029 0.0031 » 0.0053 0.0022 s
Fluoraothena 0.67 0.011 0.024_ 0.0047 0.02% 0.0015
Flusrens 0.013 <0.0014 —<0.0028 <0.00104 <0.0028 <0,0014
Indene <g.010 0.0016 o <0.0020 <0,.0010 <0,0020 0.0013 »
Indole <0.029 <0.0029 <0.0038 <0,0029 <0.0058 <0.0029
Isoquinoline 0.028 DLRD 0.014_ DLND 0.0093 0.0022
I-Methyloapbthalene 0.035 <0,0012 ~0.008% <0.0012 0.0048 <0,0012
2-Methyloaphthalene 0.018 0.0020 0.011 <0.0020 0.0064 0.0022 »
Naphthalens 0.027 0.010 » ©0.012” 0,0092 » 0.013_ 0.0093 »
Perylens 0.031 <0.0010 <0.0020 <0.,0010 <0,0020 <0.00l0
Phenaothrene 0.30 0.0013 0,016 0.0018 0.019_ <0.0010
Pyrens 0.69 0.0093 0.028 0.0064 0.023 0.0025
Tripheaylene € o c T 0,000 ¢ ¢ <0.0010 ¢
Sum List 2 C3.2 0.062 0.12 0.031 0.15 0.027

Phenolics \
4-chloro=3-wethylphenol <5 <% <5 <9 <% 14
2~Chlorophenol <5 <5 <3 <5 <5 <5
0~Crescl <3 <3 <5 <5 (4] <5
M~Cresol <5 ¢ <5 ¢ <5 ¢ <5 ¢ <5 ¢ <5 ¢
P=Crusol <% e <5 ¢ <5 ¢ <5 ¢ <5 ¢ <5 ¢
2,4=-Dichlorophencl <5 <5 <% <5 (4] <5
1,4-Dimethylphenc! <5 <5 <5 <3 <5 <5
2,4~Dinitrophencl <25 <15 <25 <25 <25 <15
2-cethyl-é,6-dinicrophenol <15 <25 €25 <25 <2% <25
2-Nitropheaol <5 <5 <5 <5 <5 3]
4~Nitropbenol 14 ] <5 <5 <% <5 [$]
Pentachlorophencl <3 <5 <$ <3 <5 <5 p
Phanol <3 <5 <3 <5 <% <5
2,4 ,6-Trichlorophencl <5 <8 <5 4] <% <5

p Small peak in chromstogram below method detsction limic.
¢ Coeluting compound (coaceatrations reported with the List | compound). Coelutiog compounds

ste Chrysene/Triphylene aod Benzo{b)fluoranthene/3enzo(k)}fluoranthens.
3 $tatistical aoalysis indicates a poteatial fales positive value.
DLND Not detected. Detection limit aot determined.
RD Not detected.

MN-COMP-A 0078314



TABLE 12
® ESTIMATED VOLUME OF CONTAMINATED SQIL
(volumes in cubic yards)

S
Location Heavily Contaminated Soil Lightly Contaminated Soil
Pond A 12,000 -

\ Area West of Pond A 800 -
Pond B 2,000 -
Area 3 500 -
Area 4 5,500 -

* Area 5 3,000 500
Area 6 10,000 3,500
Area 8 1,000 1,000

® TOTAL 34,800 c.y. 5,000 c.y.

[}

i

L

L
T12316,A10

L 4
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TABLE 13
WATER LEVELS IN NESTED WELLS

Elevation of Water Levels,
Zone Monitored (MSL)

Nest 1 Formation (MSL) March, 1985 May, 1985

wiol Top of shallow  Above 842 *k §52.1
sand

w201 Mid-depth sand 787 to 797 851.4 851.9

w301 Deep sand 717 to 737 851.3 851.8

Nest 6

Wé Top of shallow  Above 844 850.3 850.9
sand

w206 Bottom of 812 to 817 850.3 850.9
Shallow sand .

Nest 7

w7 Top of shallow  Above 839 850.8 851.3
Sand

w207 Bottom of 813 to 818 850. 9% 851.4%
Shallow sand

w307 Top of bedrock 729 to 733 848.5 848.8

Nest 9

W9 Top of shallow  Above 844 850.1 850.8
sand

w209 Bottom of 806 to 811 850.1 850.7
shallow sand

* Well 207 is located 260 feet north of Well 7 and 180 feet north of Well 307.

Ll Ice in well.

. MM-COMP-A 0078316
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TABLE 14
AVERAGE CONCENTRATIONS OF

PAH/HETEROCYCLES AND PENTACHLOROPHENOL

WELL
Shallow Wells

D g N

10
101
104
111
112
113
121
122
123
124
125
126

Howe P23
Howe P02
Howe P03

Mid-depth Wells
201
206
207
209

Deep Wells

301

307

Plant Well (3

Plant Well
(st. Peter)

Plant Well
(Prairie du

Well 203571

Well 203574

IN GROUNDWATER -~ 1984 AND 1985

(concentrations in ug/L)

PAH/HETEROCYCLES
LIST 1 LIST 2 PENTACHLOROPHENOL

0.023 98 2300
0.010 63 6100
ND 25 360
ND 550 950
ND 43 . BDL
0.11 37 34
0.084 1.1 BDL
2.4 2600 4300
ND 270 740
3300 70000 7500
ND 0.039 BDL
ND 11 BDL
ND 6.1 5.2
ND 0.11 BDL
ND 2.0 9.9
0.018 0.14 BDL
ND 0.67 ND
<1 <1 ND
<5 <5 ND
ND 0.030 ND
ND 11 8.2
ND 41 15
0.081 2.6 8.0
0.015 0.11 ND
0.0024  0.91 ND
00) ND 0.064 ND
ND 0.11 ND
Chien) ND 0.084 ND
ND 0.094 ND
0.006 0.084 ND

ND - Not Detected
BDL - Below Detection Limit

Note: Detection limits for
affected by the presence of

T1331610

PAH/Heterocycles at Howe P02 and P03 significantly
atrazine in the sample matrix.

- MN-COMP-A 0078317 -



TABLE 15
ESTIMATED COST OF GROUNDWATER PUMP-QUT SYSTEMS

Pump-Out System Locatiom

Immediately

Downgradient

of Contaminated East Site

Soil Boundary
Drain Tile/Wells $210,000 $240,000
Pumps, Controls, 30,000 15,000

Appurtenances
Electric Power 10,000 10,000
Pipe/Manholes 30,000 15,000
Lift Station 60,000 60,000
Forcemain 15,000 15,000
Road/RR Crossing 25,000 25,000
Subtotal $380,000 $380,000
Mobilization (10%) 40,000 40,000
Contingencies (20%) 75,000 75,000
Engineering, Administrationm, 75,000 75,000
Permits {(20%) i

TOTAL CAPITAL COST $570,000 $570,000
Operating and Maintenance $ 15,000 $ 15,000
TOTAL ANNUAL COST $ 15,000/yr $15,000/yr

TAB1531610 . 1
n-COMP-A 0078212



TABLE 16
ESTIMATED QUALITY OF DISCHARGE FROM PUMP-QUT SYSTEMS

(concentrations in mg/L)

Pump-0Qut System Location Total
PAH/Heterocycles Pentachlorophenol
Immediately Downgradient of 50 8

Contaminated Soil

East Site Boundary 0.08 0.25

TAB1631610
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TABLE 17

ESTIMATED COST OF GROUNDWATER TREATMENT - SURFACE WATER DISCHARGE

100 GPM FLOW RATE

Treatment Method Capital
Carbon Adsorption $ 470,000
Ozone UV/and Carbon Adsorption 870,000

Biological and Carbon Adsorption 1,840,000

Qperating & "
Maintenance Present Worth

$400,000 $5, 980,000
280,000 4,720,000
530,000 9,140,000

*The present worth of the annual operation and maintenance cost is computed
using a 6% net annual interest rate over a 30-year period.

TAB1731610

MN-COMP-A 6258304



TABLE 18

COST ESTIMATE
ALTERNATIVE I.A. -- SITE GRADING

Annual Operation

Capital and Maintenance Present Worth¥#
Site preparation and restoration $ 50,000 $ 50,000
Grade, place soil cover and
vegetate site $ 80,000 $ 5,000 $ 150,000
Meonitor 20 wells quarterly
for 30 years 96,000 1,320,000
Drain Pond A, pretreat
and discharge to sanitary
sewer 60,000 60,000
SUBTOTAL ' $ 190,000 $101,000 $1,580,000
Mobilization (10%) 20,000 20,000
Contingencies (20%) 40,000 20,000 320,000
Engineering, Permits,
Administration (20%) 40,000 20,000 320,000
TOTAL $290,000 $141,000 $2,240,000

*The present worth of the annual operation and maintenance cost is computed
using a 6% net annual interest rate over a 30-year period.

T18316,10
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ALTERNATIVE I.B.

Site preparation and restoratiomn

Cap 3.2 acre area overlying
40,000 c.y. of contaminated soil

Excavate contaminated soil from
outside the cap area and place
in cap area

a. 10,000 c.y. above saturated
zone

b. 8,000 c.y. in saturated
zone including dewatering
and excavation

Backfill excavated area

Monitor 20 wells quarterly
for 30 years

Drain Pond A, pretreat and
discharge to sanitary sewer

SUBTOTAL

Mobilization (10%)
Contingencies (20%)

Engineering, Permits,
Administration (20%)

TOTAL

TABLE 19
COST ESTIMATE

-— CAP CONTAMINATED SOIL

Annual Operation

Capital and Maintenance Present Worth*
$ 90,000 $ 90,000
230,000 $ 5,000 $ 300,000
70,000 70,000
160,000 160,000
130,000 130,000
96,000 1,320,000
60,000 60,000
$740,000 $101,000 $2,130,000
70,000 70,000
150,000 20,000 430,000
150,000 20,000 430,000
51,110,000 $141, 000 $3,060,000

*The present worth of the annual operation and maintenance cost is computed
using a 6% net annual interest rate over a 30-year period.

T19316,10
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TABLE 20
COST ESTIMATE
ALTERNATIVE I.C. -~ ON-SITE VAULT

Annual Operation
Capital and Maintenance Present Worth*

Site preparation and restoration $ 350,000 $ 350,000

On-gite vault (RCRA),
40,000 c.v. 1, 000,000 $ 20,000 1,280,000

Excavate contaminated soil and
place in on-site vault

a. 25,000 c.y. above
saturated zone 180,000 , 180,000

b. 15,000 c.y. in saturated
zone including dewatering
and excavation 300,000 300,000

Backfill excavated areas 280,000 280,000

Monitor 20 wells quarterly

years 1-10 96,000 710,000
Monitor 20 wells semi-annually
years 11-20 48,000 200,000
Monitor 20 wells annually
years 21-30 24,000 60,000
Drain pond A, pretreat and o
discharge to sanitary sewer 60,000 60,000
SUBTOTAL $2,170,000 5116, 000%%* $3,420,000
Mobilization (10%) 220,000 220,000
Contingencies (20%) 430,000 23,000 750,000
Engineering, Permits, ]
Administration (20%) 430,000 23,000 750,000
TOTAL 53,250,000 $162,000%* 55,140,000

* The present worth of the annual operation and maintenance cost is computed
using a 6% annual interest rate over the appropriate time period.

**The annual operation and maintenance cost decreases each decade with the change in
the monitoring program. The annual cost for the first decade is shown. Contingencies
and Engineering, Permits, Administration are computed on the first decade total.

\iN-COMP-A 0078323
T20316,10



.TABLE 21

COST ESTIMATE _
ALTERNATIVE I.D, -- ON-SITE INCINERATION

Annual Operation

Capital and Maintenance Present Worth*
Site preparation and restoration $§ 350,000 § 350,000

Excavate and stockpile
contaminated soil

a. 25,000 c.y. above
saturated zone 180,000 180,000

b. 15,000 c.y. in saturated
zone, including dewatering

and excavation 300,000 300,000
c. Coutaminated soil stockpile

area 100,000 100,000
Backfill excavated areas 280,000 © 280,000

Incinerate 40,000 c.y. of
coutaminated soil

a. conduct test burn 200,000 200,000
b. incinerator 2,000,000 2,000,000
c. setup aand startup - 1,000,000 1, 000,000
d. operate and maintain (2 years) 1,500,000 1,500,000
e. monitor (2 years) 600,000 600,000
£, dispose of ash (2 years) 300,000 300,000
g. demobilize 200,000 200,000
Monitor 20 wells as in

Alternative I.C. 96,000 970,000
Drain Pond A, pretreat, aand

discharge to saunitary sewer § 60,000 $ 60,000
SUBTOTAL ' $ 7,070,000 $ 96,000%* § 8,060,000

'/@ﬁ_COMP—A 0078324
T21316,10 .



TABLE 2l (cont”d)}

Mobilization (10%) 710,000 710,000
Contingencies (20X) 1,410,000 19,000 1,670,000
Eugineering, Permits,
Administratioa (20%) 1,410,000 19,000 1,670,000
TOTAL 510,600,000 $134,000% $12,090,000

* The preseat worth of annual operaticn and maintenance is computed
using a 6% net anoual interest rate over the appropriate time period.

#* The annual operation and maintenance cost decreases each decade with
the chaasge in the monitoring program. The annual cost for the firat decade
is shown. Contingencies and Engineering, Permits, Administration are computed

on the first decade total.

| MN-COMP-A 0073325
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TABLE 22
COST ESTIMATE
ALTERNATIVE II.A. -~ SLURRY WALL CONTAINMENT

Annual Operatiom

Capital and Maintenance Pregsent Worth*
Site preparation and restoration $ 90,000 $ 90,000
Slurry wall containment area
and interior pump-out well

$ 610,000 $ 10,000 $ 750,000

Cap slurry wall containment
(2.9 ac.) 210,000 5,000 280,000

Excavate contaminated soil
located outside contalnment area
and place within containment area

a. 13,000 c.y. above
saturated zone 90,000 90,000

b. 9,000 c.y. in saturated
zone, including dewatering
and excavation areas 180,000 180,000

Backfill excavation 150,000 150,000
Monitor containment area

wells quarterly for 30 years 10,000 140,000
Monitor 20 wells as in ‘

Alternative I.C. 96,000 970,000

Drain Pond A, pretreat
and discharge to

sanitary sewer ' 60,000 60,000
SUBTOTAL $1,390, 000 $121,000%* $2,710,000
Mobilization (10%) 140,000 140,000
Contingencies (20%) 280,000 24,000 610,000
Engineering, Permits,
Administration (20%) 280,000 24,000 610,000
TOTAL $2,090,000 $169,000%* $4,070,000

* The present worth of the annual operation and maintenance cost is computed using a
6% net annual interest rate over the appropriate time period.

*%* The annual operation and maintenance cost decreases each decade with the change in
the monitoring program. The annual cost for the first decade is shown.

Contingencies and Engineering, Permits, Administration are computed on the first
" decade total.

C ‘MN-COMP-A 0078326
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TABLE 23
® COST ESTIMATE
ALTERNATIVE II.B. -- CAP AND SOURCE GROUNDWATER PUMP-OUT SYSTEM
Annual Operation
e Capital and Maintenance Present Worth¥
Site preparation and restoration $ 90,000 5 90,000
Cap 3.2 acres overlying
® 40,000 c.,y. of contaminated soil 230,000 5,000 300,000
Excavate contaminated soil from
outside the cap area and place
beneath cap
® a. 10,000 c.y. above
saturated zone 70,000 70,000
b. 8,000 c.y. below saturated '
zone, including dewatering
and excavation 160,000 160,000
® Backfill excavation area 130,000 130,000
Groundwater pump-out system -
} immediately downgradient of
! contaminated soil 280,000 62,000 1,130,000
Pretreat groundwater .
® and discharge to sanitary
sewer -- 30 years 270,000 150,000 2,330,000
Monitor 20 wells 96,000 970,000
as in Alternative I.C.
L .
- Drain Pond A, pretreat
and discharge
to sanitary sewer 60,000 60,000
SUBTOTAL $1,290,000 $313, 000%* $5,240,000
L
®
o MN-COMP-A 0073327
| d
’ .
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TABLE 23 (cont.)

Mobilization (10%) 130,000 130,000
Contingencies (20%) 260,000 63,000 1,130,000
Engineering, Permits,

Administration (20%) 260,000 63,000 1,130,000

TOTAL $1,940,000 $439,000%* $7,630,000

* The present worth of the annual operation and mgintenance cost is computed
using a 6% net annual interest rate over the appropriate time period.

** The annual operation and maintenance cost decreases each decade with the change in
the monitoring program. The annual cost for the first decade is showm.
Contingencies and Engineering, Permits, Administration are computed on the first

decade total.

NN-COMP-A 0078328 .
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TABLE 24

7 COST ESTIMATE N
ALTERNATIVE II.C. -- ON-SITE VAULT AND SOURCE GROUNDWATER PUMP-OUT SYSTEM

Annual Operation

and Maintenance Present Worth¥*

Capital
Site preparation and restoration $ 350,000
On-site vault (RCRA) 40,000 c.y. 1,000,000
Excavate contaminated soil
and place in on-site vault
a. 25,000 c.y. above :
saturated zomne 180,000
b. 15,000 c.y. in
saturated zonme, including 300,000
dewatering and excavation.
Backfill excavated areas 280,000
Groundwater pump-out system -
immediately downgradient of
contaminated soil 210,000
Pretreat groundwater and dis-
charge to sanitary sewer -- 30 years 220,000
Mouitor 20 wells as in Alternative
I.C.'
Drain pond A, pretreat
and discharge to
sanitary sewer 60,000
SUBTOTAL $2,600,000
Mobilization (10%) 260,000
Contingencies (20%) 520,000
Engineerieng, Permits,
Administration (20%) 520,000
TOTAL $3,900,000

$ 350,000

$ 20,000 1,280,000
180, 000

300, 000

280, 000

36,000 700, 000
110, 000 1,720,000
96,000 970,000
60, 000

$262,000%* $5,840, 000
260,000

54,000 1,260,000
54,000 1,260,000
5370, 000%* S 8,620,000

* The present worth of the annual operation and maintenance cost is computed
using a 6% net annual interest rate over the appropriate time period.

#% The annual operation and maintenance cost decreases each decade with the change in
the monitoring program. The annual cost for the first decade is shown.
Contingencies and Engineering, Permits, Adminstration are computed on the first

decade total.

T24316,10
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Site preparation and restoration

Grade, place soil cover
and vegetate site

Groundwater Pump-out System
Immediately Downgradient of
Contaminated Soil

Pretreat groundwater and
discharge to sanitary sewer
-- 30 years

Groundwater Pump-out System
East Site Boundary

Monitor 20 wells as in
Alternative I.C.

Drain Pond A, pretreat and
discharge to sanitary sewer

SUBTOTAL

Mobilization (10%)
Contingencies (20Z)

Engineering, Permits,
Administration (20%)

TOTAL

TABLE 25

COST ESTIMATE
ALTERNATIVE III.A. -- GROUNDWATER PLUME PUMP-QUT

_Capital

Annual Operation
and Maintenance

50,000

80,000

280, 000

270,000

280,000

— 60,000

$1,020,000

100,000
200,000

200,000

' $1,520,000

5,000
62,000
150, 000

70,000

96,000

$383,000%*

76, 000

76,000

$535,000%*

Present Worth¥*

50,000

150,000

1,130,000

2,330,000

1,240,000

970,000

60,000

$5,930,000

100,000
850,000

850,000

$7,730,000

* The present worth of the annual operation and maintenance cost is computed
using a 6% net annual interest rate over the appropriate time period.

**% The annual operation and maintenance cost decreases each decade with the change in
The annual cost for the first decade is shown.

the monitoring program,

Contingencies and Engineering, Permits, Adminiatration are computed on the first

decade total.

T2531610
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TABLE 26

COST ESTIMATE
ALTERNATIVE III.B. -- GROUNDWATER PLUME CONTAINMENT WITH SLURRY WALL

Annual Operation

Capital and Maintenance Present Worth#*
Site preparation and restoration $ 150,000 § 150,000
Grade, place soil cover
and vegetate site $ 80,000 5,000 § 150,000
Slurry wall on
site perimeter 2,184,000 2,180,000
Interior pump-out system 280,000 62,000 1,130,000
Pretreat ahd.
diecharge from _ :
interior pump-out system 270,000 150,000 2,330,000
to sanitary sewer = 30 years
Monitor 20 wells as in
Alternative IL.C. 96,000 970,000
Drain Pond A, pretreat, and
discharge to sanitary sewer 60,000 60,000
SUBTOTAL $3,020,000 $313,000%* $6,970,000
Mobilization (10%) 300,000 300,000
Contingencies (20%) 600,000 62,000 1,450,000
Engineering, Permits,
Administration (20%) 600,000 62,000 1,450,000
TOTAL $4,520,000 $437,000%x $10,170,000

* The present worth of the amnual operation and maintenance cost is computed
using a 67 net annual interest rate over a 30-year period.

**The annual operation and maintenance cost decreases each decade with the

change in the monitoring program.

The annual cost for the first decade is shownm.

Contingencies and Eungineering, Permits, Administration are computed on the

first decade total,.

T2631610

MN-COMP-A 0078231



TABLE 27
SUMMARY OF ALTERNATIVE REMEDIAL ACTION COSTS

CAPITAL, ANNUAL, AND PRESENT WORTH

Alternative

I. SOURCE CONTROL - Controls
Leaching From Contaminated Soil

I.A. Site Grading
I.B. Cap Contaminated Soil
I.C. Dn—-Site Vault

I.D. On-Site Incineration

1I. SOURCE AREA CONTROL - Controls
S0il and Groundwater in Vicinity
of Contaminated Seoil Areas

ESTIMATED COST

($ Millions)

II.A. Slurry Wall Containment 2.1

II.B. Cap and Source Groundwater 1.9
Pump-out System On-site

II.C. On-site Vault and Source 3.9

Groundwater Pump-out System

IITI. SITE GROUNDWATER CONTROL - Minimizes
Off-Site Migration of
Contaminated Groundwater

III.A. Groundwater Plume Control 1.5
III.B. Groundwater Plume Contain- 4.5
ment with Slurry Wall
T2731610

Annual

0.14
0.14
0.16
0.13

0.17
0.44

0.37

0.54
0.44

Present
_Worth

2.2
3.1
5.1
12.1

7.7
10.2

' MN-COMP-A 0078332
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