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This fact sheet provides guidance on the soil investigation and ground water contamination assessment components of the remedial investigation (RI).  Two types of RIs are used to evaluate petroleum contamination plumes:  limited site investigations (LSIs) and full RIs.





The purpose of a limited site investigation is to quickly evaluate the likely level of risk associated with a petroleum release site, and to identify those low risk sites that do not require further investigation or remedial actions.  The LSI has five main components:  





soil contamination assessment, 


ground water contamination assessment, 


water well survey, 


vapor risk assessment, and 


surface water contamination assessment.  





Only the soil and ground water contamination assessment components are discussed in this fact sheet.  Guidance on risk assessment is provided in fact sheet #3.20, “Risk Assessment Procedures at Petroleum Release Sites.”





A full RI is different from a LSI in that it requires additional hydrogeologic information, including ground water monitoring data taken over a period of time.  Also, full RIs should include an assessment of natural biodegradation (see fact sheet #3.21, “Assessment of Natural Biodegradation at Petroleum Release Sites”).





I.  SOIL CONTAMINATION ASSESSMENT





     A complete soil investigation which defines the vertical and horizontal extent and magnitude of soil contamination is required for both full RIs and LSIs.  The components of a soil investigation include the following:





A.  Drilling Methods





Hollow-stem auger or sonic drilling are the preferred drilling methods.  Do not use solid-stem flight augers for soil borings.  Push probes may be used instead of hollow-stem auger if site conditions allow.  





Steam clean all down hole equipment before each use to avoid cross-contamination.





Abandon all boreholes not completed as monitoring wells in accordance with Minnesota Department of Health (MDH) rules.


Complete a drilling log for every soil boring advanced.  When monitoring wells are completed in a boring, provide well-construction ‘as-built’ diagrams on boring logs as described in the monitoring well section.  At a minimum, information in the logs should include:





Soil classification in accordance with the 1952 Unified Soil Classification System 


 (USCS) or with American Society for Testing Materials (ASTM) methods 2487 or 2488.


Further description of soil (grain size, sorting, color, etc.)


Depth of significant changes in material (feet).


Depth of sampled horizons (feet).


Approximate location of the water table (feet).


Organic vapor measurements (parts per million (ppm)).


Comments regarding significant geologic and hydrogeologic features, visual or olfactory evidence of 


 contamination, etc.


Date boring started and completed.


Name of driller and consultant present during drilling.


Boring identification number.


Penetration test records.


Ground surface elevation (feet).





B.  Drilling Locations





 Magnitude of soil contamination and source identification:  A soil boring should be advanced in or immediately adjacent to all likely source areas (e.g., underground storage tank basins, aboveground tank areas, lines, pump islands, remote fill pipes, known spill areas).





 Horizontal definition:  A sufficient number of soil borings to define the horizontal extent of soil contamination.  The number of borings will vary depending on site conditions and extent of contamination.





Vertical definition:  Drill soil borings to five feet below the water table or, if contamination extends below the water table, to ten feet below the deepest measurable contamination.  If the water table is very deep at your site and you have drilled 20 feet below the deepest measurable contamination (in the unsaturated zone), call the MPCA staff for approval to discontinue drilling deeper.  If bedrock is encountered, contact the MPCA staff to discuss how to proceed; bedrock monitoring wells might be required.





In order to evaluate site stratigraphy, complete at least one soil boring to 20 feet below the water table or to 20 feet below the deepest measurable contamination.  Locate the soil boring near the suspected point of release, but not within a free product area.  If confining units are an issue, complete the boring in an uncontaminated area.   If additional site stratigraphy data is available, the MPCA staff may waive this requirement with prior approval.





Utility Backfill Investigation:  In situations where underground utilities (sanitary and storm sewer lines, water mains) intercept either the impacted soil or contaminated ground water, hand-driven or hand-augured soil borings should be advanced in the utility backfills to investigate the potential for preferential migration of free product and contaminated ground water.  This information is critically importance when sediments of low permeability (e.g. clay) occur in the near subsurface.  The MPCA recommends that the locations and depths of underground utilities at and near the site be determined prior to site work. 


�
C.  Sampling





Organic vapor sampling:  Collect and evaluate soil samples for organic vapors at least every five feet in "uncontaminated" horizons, at changes in material, and at least every 2.5 feet in contaminated horizons.  Screening should be done in accordance with Part I of fact sheet #3.22, “Soil Sample Collection and Analysis Procedures.”





Laboratory analysis sampling:  Collect soil samples for analysis at the zone of maximum organic vapor concentration and the water table interface or (if ground water not encountered) at the terminus of the boring, unless MPCA staff specifically approve other sampling guidelines.  If soil contamination extends below the water table, continue to collect soil samples in the saturated zone that exhibit the highest field instrument reading.  If the entire boring appears uncontaminated based on field screening, collect only one soil sample at the water table interface or at the terminus of the boring.  Refer to fact sheet #3.22, “Soil Sample Collection and Analysis Procedures.”





Water levels:  Identify and measure the water level in all borings.  Inspect soils for evidence of a fluctuating water table and a seasonal high water table (i.e., mottling).  If soil borings in silt or clay appear unsaturated, leave a minimum of one boring open at least 12 hours to confirm that ground water has not been encountered. 





Free product:  Assess soil borings for the presence of free product.  If free product is present, notify MPCA staff within 24 hours.  If product thickness exceeds 0.1 foot, begin interim product recovery.  Refer to fact sheet #3.3, “Free Product: Evaluation and Recovery.”





Grain size:  In order to estimate hydraulic conductivity, sediment samples should be collected for grain size analysis.  Collect and analyze a minimum of three soil samples from different locations/horizons which appear to have high permeability.  If a wide range of aquifer materials are present, samples should be collected from areas of primary ground water flow.  At sites underlain by a thick sequence of clays, contact the MPCA staff  to discuss whether a grain size analysis is necessary.  Note:  If it is clear that monitoring wells need to be installed, grain size analysis may not be necessary because more representative estimates of hydraulic conductivity can be gained using other methods (e.g. slug tests, etc.).





D. Resource Aquifer Determination





A resource aquifer is defined as either a hydrogeologic unit capable of sustaining at least a five gallon per minute yield to a well or the only viable water supply source in the area.  Data collected from the LSI will determine if a resource aquifer is present in the impacted area.  All bedrock units, excepting the Decorah Shale, Glenwood Formation, St. Lawrence Formation, and the Eau Clair Formation are considered resource aquifers.





             For non-bedrock sites, a resource aquifer is determined from hydraulic conductivity and aquifer unit thickness values.  Determine the hydraulic conductivity from slug tests, permeability tests, or a Hazen approximation from a grain size distribution if the predominant soil grain size is in the fine sand to gravel range.  





�
           For waterbearing units with a hydraulic conductivity of 1x10-2 cm/s or greater, the minimum thickness for a resource aquifer is 10 feet.  For units with a hydraulic conductivity in the 10-3 cm/s range, the minimum thickness is 20 feet.  Any unit with a hydraulic conductivity less than 1x10-( cm/s is not considered a  resource aquifer unless no other viable water supply source is available.  In other words, any waterbearing unit may be considered a resource aquifer if it is the only economically feasible water supply available. 





             When evaluating a site, consider the potential for a non-resource waterbearing units to increase in thickness and/or conductivity off-site.  This may result in a direct hydraulic connection to a resource aquifer with the potential for contaminant migration, and would affect a site cleanup decision.





II.  GROUND WATER CONTAMINATION ASSESSMENT





A.  Limited Site Investigations





 	At sites where contaminated soil is in contact with ground water, or ground water contamination appears likely, a ground water contamination assessment is necessary as part of the LSI in order to determine if additional RI is necessary.  If contamination levels in a resource aquifer are found to be above MDH Health Risk Limits, a full RI will be required.  The minimum requirement of a LSI ground water assessment include the following:





               Collect ground water samples from temporary monitoring wells (push probes or hollow stem augers).  Analyze for the appropriate parameters (see fact sheet #3.23, “Ground Water Sample Collection and Analysis Procedures”). Collect and analyze ground water samples from the “worst case” temporary well and a sufficient number of other points to document contaminant concentrations and distribution at the site.





B.  Full Remedial Investigations





	Because monitoring data over a period of time and other hydrogeologic information will be required, monitoring wells will be needed if a full RI is performed.  Following is guidance for the placement, completion and evaluation of data from monitoring wells.  Guidance for assessment of natural biodegradation is found in fact sheet #3.21, “Assessment of Natural Biodegradation at Petroleum Release Sites”).





Monitoring well placement





Worst case monitoring wells:  A monitoring well should be completed in or immediately adjacent to all likely source areas (e.g., underground storage tank basins, aboveground storage tank areas, lines, pump islands, remote fill pipes, known spill areas).





Lateral and down gradient monitoring wells:  Monitoring wells should be placed lateral to and down gradient from the source area(s) such that they define the margins of the contamination plume.





Off site monitoring wells:  If difficulty is encountered in securing access to off site monitoring well locations, contact the MPCA project manager for assistance.  However, prior to contacting the MPCA, a minimum of two written attempts should be made to secure access.





Deep wells - vertical definition of ground water contamination:  A deep monitoring well may be required if soil borings show that petroleum contamination, as measured with your field instrument, occurs at a depth greater than five feet below the water table.  Before a deep well is installed, contact the MPCA project hydrogeologist for guidance on its necessity and placement.  Be prepared to discuss site stratigraphy and potential receptors during this call.





Deep  monitoring wells should be installed at sites where nearby receptors may be at risk or where site conditions indicate the likelihood of downward migration of contaminants.





If the deep well indicates that contamination is present at depth in the aquifer or in deeper aquifers, additional deep wells will be required, as necessary, to define the full extent of the contamination plume and determine flow direction and velocity.





Screen placement





Water table monitoring wells should be installed so the screen is intersected by the water table.  Exceptions to this should be documented and justified in the RI report.





Deep monitoring well screens will not intersect the water table.  Screen placement in deep wells depends on the purpose of the well.  If the well is installed to check for a vertical gradient, the top of the screen should be at least twenty feet below the bottom of the water table monitoring wells at your site.  If the well is installed to monitor water quality in a lower, confined aquifer, the screen should be placed entirely within that aquifer.





At sites where geologic conditions are such that it is difficult to determine the depth of the water table, the following procedures should be followed during well construction:





The borehole for the monitoring well should remain open at least 24 hours to allow water level stabilization.





A slightly longer well screen (15-20 feet) should be installed to compensate for water table fluctuations.





Phased well installation may be appropriate.  This allows for determination of the approximate water table depth in one or two wells, and then the remaining wells could be installed with proper screen placement.





Monitoring well construction





Well construction must be completed in accordance with the MDH water well construction code and must be permitted by the MDH.





All monitoring well materials should be properly cleaned prior to installation.





In general, avoid the use of liquid drilling fluids.  However, they may be approved by the MPCA on a site-specific basis.





Properly develop all wells to ensure adequate hydraulic connection with the aquifer and to remove any drilling fluid if used.  Document the development procedures and results.





Complete as-built monitoring well construction diagrams for every monitoring well constructed.  The minimum information required includes, but is not limited to:





Diagram of major well features (borehole annulus, screen, casing/riser, sand pack, pack seal, grout, 


surface seal, protective casing, etc.)





Depth from ground surface to all major well features.





Well screen slot size.





Sand pack size.





Inner diameters of riser, screen, protective casing, and borehole.





Well construction materials.





Unique well number and project identification number.





Date well begun and completed.





Driller and consultant names.





Elevation of ground surface and riser.





Sampling frequency





As a general guideline, a Remedial Investigation Report Form should be submitted after two quarterly rounds of ground water sampling.  Ground water monitoring should continue from all monitoring wells on a quarterly schedule until site closure is granted or a new schedule is approved by the MPCA site hydrogeologist.





























Upon request, this document can be made available in other formats, including Braille, large print and audio tape.  TTY users call 612/282-5332 or Greater Minnesota 1-800-657-3864 (voice/TTY).





Printed on recycled paper containing at least 10 percent fibers from paper recycled by consumers.
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