5.0
SITE CHARACTERIZATION AND OTHER DATA
REQUIREMENTSFOR MRBCA PROCESS

51 INTRODUCTION

This section presents:

. An explanation of the data necessary to implembet MRBCA process for
petroleum underground and above ground storage(#8K/AST) sites,

. A brief discussion of the techniques used to collee data, and

. A description of the manner in which the data stidad documented and reported
to MDNR.

The data discussed herein will typically be cokelcsubsequent to the confirmation of a
release as part of the initial and comprehensive sharacterization efforts. The

objective of the data collection effort is to eresuhat data of sufficient quality and

guantity are available to:

. Develop a site conceptual model,

. Compare maximum site concentrations with the defaunget levels (DTLs, see
Table 3-1),

. Compare representative concentrations or, for@alfsoil under residential use,

maximum concentrations, with Tier 1 risk-based ¢atgvels (RBTLs, see Tables
7-1through 7-6(c)),

. Develop Tier 2 and Tier 3 site-specific target Is\&STLS), if necessary,

. Compare the SSTLs with representative (or maximas,discussed above)
chemical of concern (COC) concentrations, and

. Develop a Corrective Action Plan (CAP), if necegsar

The risk assessment should be completed only altteelevant data has been collected
and a site conceptual model has been developed.

To accomplish the above objectives, the followinfgpimation is required:

. Chronology of site events,

. Nature, magnitude, and location of spill or rekedmcluding identification of
COCs),

. Site information (e.g., physical features, land, ete.),

. Adjacent land use and receptor information,

. Vadose zone soil characteristics,

. Saturated zone and groundwater characteristics,

. Characteristics of nearby surface water bodies,

. Distribution of the COCs in saill,

. Distribution of the COCs in groundwater, and
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. Information about corrective action measueesisk-management-activitidhat

have been conducted and are planned.

Note: Additional data beyond that discussed hemaght be required to developRaMP
Corrective Action Plan (CAR)r to complete a Tier 3 risk assessment. Formestathe
collection of natural attenuation parameters oadedm vapor extraction or pump and
treat pilot tests might be required to design ativaaemediation system. Due to the
variability in the type of data that might be negdthe collection of this type of data is
not discussed here. Rather, requirements for atl@écton of such data will be
determined on a site-specific basis.

52 CHRONOLOGY OF SITE EVENTS

years—As part of the MRBCA evaluatlon the person undernlgathe evaluatlon must
carefully review aII eX|st|ng data and |dent|fy adarta gapsASﬁ:-}prepnate—a—werleelan

+mplementatren—0nly after aII the necessary data have been celleeind fuII S|te
characterization is complete should the person makiag the evaluation proceed with
the development of target levels.

The first step in the MRBCA evaluation is to deyeld comprehensive chronology of
events related to the aforementioned activitieshfonology of events will help create a
comprehensive picture of the activities conductetha site and identify gaps in those
activities. The chronology shall include infornaatiregarding events such as:

. The date tanks were installed, removed and/or ulegka

. Whether any contaminated soil was excavated ampisks of off-site,
. Date(s) when monitoring wells were drilled, sampded gauged,

. Date(s) when soil samples were collected, and

. Dates when remedial activities were conducted.

Note that the intent of this exercise is to devedoplear understanding of historic site
activities as they may impact current and poterti@lire risk. Development of the
chronology is not the “end in itself,” but rathemgans to understand site conditions.

53 NATURE, MAGNITUDE, AND LOCATION OF RELEASE

Knowledge about the nature, location, and magninfde release(s) is necessary to (i)
identify the soil and/or the groundwater sourcefsihe site, and (ii) identify the COCs.
The person performing the work shall collect as Imatthe following information as is
available for each release that has occurred aitiée

. Location and date of the release,
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. Quantity of the release,

. Type of product released, and
. Any interim corrective action measures already qrenkd with respect to each
release.

Release-related information can be obtained by metyaof means, including (i)
reviewing inventory records, (ii) interviewing pastd current on-site employees, and
(i) reviewing historic spill incident reports &t with MDNR.

5.3.1 Location and Date of Release

Identifying the location of a release helps detime soil and groundwater source area(s).
Likely release locations at petroleum UST sitesuide (i) corroded or damaged tanks,
(i) piping, especially at pipe bends and joinis) lispenser islands, and (iv) accidental
releases while filling the USTs/ASTs. A releaseyroacur within the surficial soil (0-3
feet below the ground surface (bgs)), subsurfaddgfsom 3 feet bgs to the water table),
or, if the groundwater is shallow (less than alddufeet bgs), below the water table.

Identifying the date of a release is necessargieatify the COCs, as discussed in Section
5.3.3 (the COCs are listed in Table 5-1). Basetherchronology, the entity performing
the work shall review the operational history af 8ite to determine the location and date
of the release(s). Often the exact location artd dathe release will not be known. In
such cases, soil and groundwater sampling (inctudiireld screening using a
photoionization detector (PID) and visual obsensa) shall be used to identify the
likely location and extent (vertical and horizoptaf the soil and groundwater sources.
The exact number and location of samples to bedeld will be determined on a case-
by-case basis using professional judgement. Samgllans must be approved by
MDNR prior to implementation.

5.3.2 Quantity of Release

The MRBCA process does not necessarily require keaye of the exact quantity of the
released petroleum. Often this information is kiwbwn. However, having a general
idea of the amount released can assist in evatu#tm severity of soil and groundwater
contamination and the extent of the residual sourdermation regarding the amount
released is typically based on inventory records.

5.3.3 Product Released and Chemicals of Concern

MDNR’s Tanks Section regulates releases of “regdlatubstances” from USTs and
ASTs used for the sale of petroleum products. tRegd substances” are defined as
“petroleum, including crude oil or any fraction thef, which is liquid at standard
conditions of temperature and pressure, sixty gegFahrenheit and fourteen and seven-
tenths pounds per square inch absolute, respécfection 319.00 RSMo). This may
include:

| MRBCA Guidance Document Page Sébruary-242004Jdanuvary-1.20130ctober 17, 2013



. Gasoline,
. Diesel/Light Fuel Oils,

. Jet Fuel,
. Kerosene, or
. Used Oil.

Knowing what was released can simplify the proa#sdentifying relevant COCs.

Each of the products listed above is a mixturewherous hydrocarbon compounds and
additives whose physical and chemical propertiet @ercent composition vary. The

environmental behavior (mobility, persistence, antkr-media transport) of these

products and any adverse environmental and humatihheffects depend on (i) the

properties of the individual compounds, (ii) theancentration in the product, and (iii)

their degradation by-products and analogous congmurable 5-2 presents the range
and average weight percent of a few of the corestigiof different products.

The MRBCA process focuses on a limited set of chalispecific to various petroleum
products that pose the greatest risks to humartthaad the environment. These are
known as thehemicals of concern (COCs). Table 5-1 lists the major products and the
corresponding COCs for which the impacted soil graundwater shall be sampled and
for which target levels shall be developed. Figbh® is a flowchart that can be used to
identify COCs. Depending on the petroleum prodweased, soil and groundwater
samples at a site must be sampled for the COCsaitedi in Figure 5-1 using the
analytical methods listed in Table 5-1. Exclud@®Cs or using analytical methods
other than those specified in Table 5-1 is allowety with prior approval of MDNR.
For releases other than gasoline, samples withctdéte levels of total petroleum
hydrocarbon-diesel range organic (TPH-DRO) or tpt&troleum hydrocarbon-oil range
organic (TPH-ORO) shall also be analyzed for thiymelear aromatic hydrocarbons
(PAHSs) listed on Table 5-1. The intent here isidentify site-related PAHs, hence
additional sampling may be necessary to distinghetiveen site-related and background
PAHSs.

If the release at a site can be identified as stingi of a single product based on release
reports, free product analysis, or location of istpa(e.g. the bottom of a particular
product tank), COCs for that product only need balyzed. If the product spilled or
released cannot be conclusively identified based tloese methods, then COCs
corresponding to all products known or suspectedaaie been stored at the site shall be
included in the initial analysis. Once the prodacthe COCs have been identified, the
list of parameters for which samples are analyzey be modified accordingly.

If data collected in the past does not includetal suspected COCs at a site, additional
sampling might be necessary to quantitatively eateluhe missing COCs. The need to
do so will be determined on a case-by-case basis.
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5.3.4 Interim Corrective Actions

Typical interim corrective actions include the exaton and off-site disposal of
contaminated soil, removal of free product, soibaaextraction, and pump and treat.
Interim corrective actions performed at a site dobave removed all or part of the
product spilled or released. Therefore, soil armligdwater data collected prior to the
completion of such activities might not be repreéatwve of current conditions and shall
not be used in the site risk assessment. At suel, skdditional soil and groundwater
concentration data representative of current caordit shall be collected after the
completion of the interim corrective action. Datallected prior to the completion of
interim corrective action may be used to determivieere additional data shall be
collected.

54  SITEINFORMATION

The following information is necessary to compliéte MRBCA evaluation:

. An area map

. A land use map

. A site map,

. An understanding of ground surface conditions,

. Location of utilities on and adjacent to the site,

. On-site and nearby off-site groundwater use, and

. Regional hydrogeology and aquifer characteristics.

A brief discussion of each of the above items espnted below. Note that relevant site
information can be obtained by various means, diol (i) a site visit, (ii) review of
engineering drawings showing the layout of the, itg review of regional information,
and (iv) review of files at MDNR related to theesdr adjacent sites.

54.1 Required Maps

An area map shall be prepared using a United Staesdogical Survey (USGS) 7 Y2
minute scale topographic map as a base. Themittidn should be centered on the
topographic map and clearly marked.

A land use map shall be prepared documenting sdtseof the Land Use Survey. The
map shall identify all structures and roads withiB00 foot radius from the tank system
(refer to Subsection 6.1.1.1 for information on htmadentify and describe land uses on
the map).

A detailed map of the tank site showing propertyrmaries and the layout of past and

current site features such as USTs, ASTSs, pipirgpetiser islands, paved and unpaved
areas, canopy, station building, etc. shall be gmegh The map shall also show the

locations of (i) on-site monitoring wells (includirthose that have been abandoned, lost
or destroyed), (ii) water wells (public and privatéii) soil borings, (iv) soil vapor
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extraction wells, (v) soil excavation areas, angl gvea of release (refer to Section 5.8).
As appropriate, multiple maps showing these featunay be prepared. Site maps shall
be made to scale, with a bar scale and a nortlvardDNR will reject maps that are not
to scale or without a north arrow.

5.4.2 Ground Surface Conditions

Determine the portion of the site that is pavedyavwed, or landscaped. Note the type,
extent, and general condition of the pavement, @estribe the unpaved areas (e.g.,
vegetated, gravel, bare soll, etc.). Determinedifection in which the surface is sloping

and note relevant topographic site features (gveples, drainage ditches, etc.).

5.4.3 Location of Utilities On and Adjacent to the Site

Due to the potential for preferential flow of imped groundwater and vapors into
underground utility lines/conduits, a thorough assgent of potential and actual
migration and impact of COCs to underground uéfitimust be performed. Utilities
include, but are not limited to, phone lines, wdires, sanitary sewers, storm sewers,
and natural gas lines. A combination of site obstions, knowledge of buried utilities,
and discussions with utility representatives areddite owner shall be used to determine
the locations of site utilities. At a minimum, fiem the following:

. Locate all underground utility lines and conduitghim the area of known or
likely soil and groundwater impact, both on-sited asff-site, where the release
may have migrated or may migrate in the future.

. Determine the direction of flow in the utilities &er, storm water, and sewage).

. Identify the utility lines/conduits on a base méattalso shows the extent and
thickness of free product, if any, and soil andugidwater contamination.

. Determine depth of the utility lines/conduits relatto the depth of groundwater.

Seasonal fluctuations of the groundwater levelgfijxe to the depth of utilities)

shall be carefully evaluated. Where such wouldsase the evaluation and

understanding of site conditions, a cross-sectiahagram shall be provided
illustrating the depth to groundwater and the lmecet and depths of the ultility
lines/conduits. At a minimum, a cross-section chagwould be required at sites
where deeper water bearing zones are used foringinkater and where utilities
may be preferential pathways.

. Determine the types of materials used for linesdoas (i.e., PVC, terra-cotta,
concrete, steel, etc.) and backfill around thetigts.

. Determine any past impacts to utilities and whetligy complaints have been
previously filed with MDNR or the property owner.

. As appropriate, sample the utilities and vaultsg®ither an explosimeter, PID,

or organic vapor monitor (OVM) or by taking air gales. If explosive
conditions are encountered, immediately inform kbeal fire department and
MDNR (contact MDNR at (573) 634-2436).
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. Where a utility is threatened, or where the posgibof an explosion exists,
appropriate measures to eliminate fire, explosasgd vapor hazards must be
undertaken immediately.

5.4.4 On-site Groundwater Use

The current and former site owners and operatoosildhbe interviewed to determine
whether a water well is/was located on site. ivater well is identified, construction
details of the well shall be obtained to the exsnth are available. At a minimum, the
total depth of the well, screen (if present) ins#nand the use of water from the well
shall be determined. If such a well is identifaet is not currently in use or likely to be
used in the future, it shall be properly abandonedaccordance with MDNR
requirements, unless it is to be used for futuredimg as part of a corrective action plan
for the site. In addition to water wells, dewatgriwells on or adjacent to the facility
shall also be identified.

5.4.5 Regional Hydrogeology and Aquifer Characteristics

Published literature, especially USGS publicati@msl United States Department of
Agriculture (USDA) soil surveys, and reports foryamvestigations conducted at
adjacent or nearby release sites, shall be revigwetttermine regional hydrogeology,
soil types, and aquifer characteristics. This ea@bn shall be used to determine the type
and depth of aquifers in the area and whether ey confined, semi-confined, or
unconfined. General aquifer characteristics sulield and total dissolved solids will
help determine whether the groundwater ingestioposure pathway is a concern.
Regional information will assist the entity condaogtthe work to better understand site-
specific soil and groundwater conditions.

Two valuable-A—valuablesource of regional hydrogeology and aquifer characteristi
informationare the Well Information System, which containsredlords of known wells
in_Missouri _and is available at http://dnr.mo.gowisells/publicLanding.do, and
“CARES“ maps avallable at_http: //|ms missouri. edulms/stepl a0|/countyllst asp- is

The review discussed above shall also locate sarfeater bodies (e.g., creeks, lakes,
rivers, etc.), seeps, and springs within 500 fdethe site (unless MDNR requires a

different distance based on site conditions) thaild be or are affected by the site
release. If a surface water body is identified @nsl determined that it may be impacted
by site-specific COCs, collect information regagithe type (perennial vs. intermittent),

flow rate, flow direction, depth, width, and usetloé surface water body. The water body
must be identified on the area map discussed dt.5I4 karst areas, MDNR may require

that the minimum search area radius be increasgdhanidentification of springs, seeps,

sink holes, and other karst features be included.
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55 ON-SITE AND OFF-SITE LAND USE AND RECEPTOR INFORMATION

Land use information is used to identify the (igdtion and type of receptors, (ii) routes
of exposure by which the receptors might be exposdtie COCs, and (iii) presence of
any activity and use limitations (AULSs) pertainitggthe site. This information is critical
in developing a site exposure model as discusse&ection 6.1. The following
information shall be collected:

. Current land use,

. Potential future land use,

. Local ordinances and restrictions that affect lagd and/or groundwater use,
. Water well survey, and

. Ecological receptor survey.

A land use and receptor survey covering a raditg06ffeet from the area of release will
generally be adequate. At sites where the plumghtmibe much longer due to the
magnitude of the spill or other site-specific cdimtis, MDNR may require that the
minimum survey radius be increased and will requodmittal of a land use map
covering the entire impacted and potentially impdarea

55.1 Water Well Survey

A water well survey shall be conducted to locateablic water supply wells within an
approximately one-mile radius of the site and alivgte water wells within an
approximately quarter-mile radius of the site.ohnfiation sources include the USGS, the
Missouri Environmental Geology Atlas (available froGSRABMDNR’s Missouri
Geological Survey water system operators, and interviews withllogsidents. In areas
where private water use wells are likely, MDNR nmaguire that a door-to-door survey
of businesses and residents within a quarter-ratdéus of the site be conducted. To the
extent such information is available, well charastes including age, depth to water
and total well depth, water use, screen (if prgsamterval, construction, depth of
casing(s), and mode of operation (continuous \srhmttent) shall be documented.

5.5.2 Ecological Receptor Survey

Ecological receptors include both specific speerd general populations of flora and
fauna and their habitats, including, but not lidit®, wetlands, surface water bodies,
sensitive habitats, and endangered species. Téxklgdt included as Attachment A to
this section must be completed for each site, éxtege where initial sampling indicates
concentrations of COCs are below the DTLs and ttee poses no obvious threat to
ecological receptors. If the answer to any ofghestions on the checklist at Attachment
A is yes, then the Attachment B checklist must dsccompleted. These checklists are
located at the end of this chapter. Completioritifer checklist might require that the
area within an approximately 500-foot radius of $ite be visually surveyed for specific
ecological receptor criteria as identified on theaklists. MDNR will require that such a
survey be conducted if the checklists cannot bepteted based on existing information.
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For any site where ecological receptors might becédd by contamination from a site
being evaluated under this guidance, as deternminyedompletion of the checklists in
Attachments A and B, consultation with MDNR will bequired. Refer to Section 6.6
for further information regarding ecological recap¢valuations.

56 VADOSE ZONE SOIL CHARACTERISTICS

Vadose zone soil is the media through which COQgrate to groundwater and vapors
move upward to the ambient air or into an enclogsate. The following vadose zone
parameters and their variability across the immhcéeea significantly affect the
movement of chemicals through vadose zone soil:

. Thickness of vadose zone and depth to groundwater,
. Porosity,

. Water content,

. Fractional organic carbon content, and

. Bulk density.

In developing the DTLs and Tier 1 RBTLs, MDNR as&d conservative values to these
parameters as shown in Table B-4. For Tier 2 am B risk assessments, these
parameters may be assigned site-specific valuesilmasdata collected from the site.

Please note: When collecting site-specific geoteahndata (i.e., volumetric water

content, fractional organic carbon, bulk densityd @orosity), careful consideration must
be given to the location of contaminants relativeeiceptors and the effect of the specific
geotechnical parameter on transport of the contamito a receptor. For instance, to
develop SSTLs for the vapor intrusion pathway, gelical data from the soil zone
between the area of impact and the receptor (building foundation) is needed to

properly assess the degree to which volumetric wedatent and fractional organic

carbon impede the upward transport of vapors. Heweto develop SSTLs for the

leaching pathways, the geotechnical data of mdsvaace are from the zone below the
area of soil impact. These types of considerationst be kept in mind when collecting

and using geotechnical soil data.

In the event that circumstances at a site are gshah the geotechnical properties
discussed below cannot be determined because gflisgmimitations, the evaluator
shall use appropriate, justifiable literature valu&Vhere such literature values cannot be
found or do not exist, the evaluator shall conMBINR’s Tanks Section.

5.6.1 Thicknessof Vadose Zone and Depth to Groundwater

The thickness of the vadose zone can be determirmd boring logs and is
representative of the distance from the groundaserto the top of the water table, not
including the thickness of the capillary fringe. e@h to groundwater is used in
estimating the vapor emissions from groundwater tmdletermine the vadose zone
dilution attenuation factor.
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Where the water table fluctuates considerably, labvks data shall be evaluated to
determine whether the fluctuations are seasonalepresent a consistent upward or
downward regional trend. For sites with seasoh&kidiations, average thickness of the
vadose zone (as determined by groundwater elevateasurements) must be used in
developing Tier 2 SSTLs. At sites with a consist@oward or downward water level

trend, the most recent data will be used to esérta depth to groundwater.

Generally, collection of samples for the four paeters discussed below will require the
advancement of more than one boring or probe, dbBpgnon site conditions and

recovery volumes. Ultimately the number of borirmsprobes advanced to obtain
adequate samples for these parameters will beeasggcific decision of the driller and

environmental consultant based on professional resqee and judgment. Boring logs
must be detailed, accurate, and carefully reviewedch soil type must be identified and
geotechnical characteristics for that soil type ningsdetermined.

Note that in situations where undisturbed sampkamot practically be collected but
disturbed samples can be, samples should be @alléat those parameters not requiring
an undisturbed sample (i.e., fractional organidcar gravimetric water content, and
particle density [a value required for determinpagosity]).

5.6.2 Dry Bulk Density (g/cc)

Dry bulk density is the dry weight of a soil sampleided by its field volume. An
accurate measurement of bulk density requires m@targ the dry weight and volume of
an_undisturbed sample. An undisturbed soil congpga may be collected using a Shelby
tube, a thin-walled sampler, or an equivalent meéthdhe sample must not be disturbed
prior to laboratory analysis.

Dry bulk density is estimated using the Americarci&ty for Testing and Materials
(ASTM) Method D2937-94, “Standard Test Method faerBity of Soil in Place by the
Drive-Cylinder Method.”

5.6.3 Porosity (cc/cc-soil)
Porosity is the ratio of the volume of voids to t@ume of the soil sample. Many

laboratories use dry bulk density and specific gyato calculate porosity using the
following:

n=1-p/n (5-1)
where,
n = porosity (cc/cc)
M = dry bulk density (g/cc)
pPs = specific gravity or particle density (g/cc).

Thus, specific gravity and dry soil bulk densitg aeeded to estimate porosity.

| MRBCA Guidance Document Page F&bruary-242004January-1,-20130ctober 17, 2013



The “Standard Test Method for Specific Gravity @il3 ASTM Method D854, may be
used to determine specific gravity. If specifiagty or particle density is not available,
then 2.65 g/cc can be assumed for most mineras.sdlote, however, that use of this
value must be justified.

If a site-specific porosity value cannot be detee, literature values consistent with the
site lithology may be used, provided the sourcefs)the value(s) is cited and
appropriately justified. Where the total and effeet porosities differ, the effective
porosity value must be used.

5.6.4 Volumetric Water Content/M oisture Content (cc/cc)

Volumetric water content is the ratio of the voluroke water to the volume of soil.

ASTM Method D2216-92, “Standard Test Method for dediory Determination of

Water [Moisture] Content of Soil and Rock,” is eagimetric oven drying method that
may be used to measure the water content of varmse soils. However, the water
content value used in most models is the volumetrater content. Hence, if a
gravimetric method is used to measure water contieatfollowing conversion equation
should be used to obtain the volumetric value:

6. =0 x2o 2
w =0 X (5-2)
where,
Qv =  volumetric water content (cc water / cc soil)
Gy =  gravimetric water content, typically reportedthg laboratory
(g of water/ g of soil)
M = dry bulk density (g of dry soil/cc of soil)
A = density of water (g/cc).

Multiple samples from across the site and at varylapths must be analyzed for water
content to estimate a representative water corwahie for the vadose zone. To
accomplish this, each soil sample analyzed formneore COCs must be analyzed for
water content; since the lab must provide COC cainagons on a dry weight basis,
water content data are readily available for them@ples. In addition, water content
values representative of each of the lithologidathat comprise the vadose zone must
be determined.

Water content data should be carefully reviewedrpo being used to calculate Tier 2
SSTLs. The VWC of a sample cannot exceed the figraisthat same sample or another
sample collected from the same soil. If the latmgareport indicates this to be the case,
the consultant should make inquiry of the lab ttedaine which value is in error.

| Refer to Subsection 5.8 for developing a sampliag-+\WC. Because VWC varies
over time most significantly in surficial soil, VW@ata should not be collected from
surficial soil (i.e., 0 — 3") except when the foatidn of an existing building is less than
3’ deep.
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5.6.5 Fractional Organic Carbon Content in Soil (g-C/g-soil)

Fractional organic carbon (FOC) content is the Weigf organic carbon in the soil
divided by the weight of the soil and is expressider as a ratio or as a percent. FOC
must be determined using soil samples not impdayqaktroleum or other anthropogenic
chemicals. Therefore, FOC samples must be cotlficten soil borings or probe holes
away from areas of contamination. Prior to coilegtsamples for FOC analysis, a PID
reading should be taken to confirm that the sarhpkenot been impacted by petroleum
products or other anthropogenic contaminants. Aalemnative, lab data from the same
boring or a nearby boring may be used to confirat tontamination is not present.

Unless drinking water or vapor intrusion risks beeng evaluated at a point of exposure
outside the area of impact and the saturated zaseahdifferent type of soil than the
vadose zone, no soil samples from the saturateel zeed be collected for FOC analysis.

Data from multiple borings or probe holes from nowpacted locations are required to
accurately determine FOC for the site. In addijtionltiple samples from each boring or
probe hole may be required if there are differgpes of soils in the vadose zone.

Prior to shipping samples to the lab for analysishsamples of the same soil type
collected from different borings or probes may lmnbined into a single composite
sample for laboratory analysis. For instancehi&eé different soil types underlie a site
and a sample of each is collected from four difieteorings, the samples from each soll
type may be combined into a single composite sarfgrlehat soil type. This would
result in three samples for FOC analysis rather thelve.

Fractional organic carbon content may be estimatsdg the Walkley Black Method
(Page et al., 1982) or the method outlinedatermination of Total Organic Carbon in
Sediment (LIoyd Kahn Method), July 27, 1988, a copy of which is found at thd ehthis
section of the guidance, or a similar method. H@muesome labs may not be familiar
with these methods. If the lab is not equippeddoduct either of these methods, an
alternative, though less preferred, method is ASWI&thod 2974 $tandard Test Method

for Moisture, Ash, and Organic Matter of Peat and Other Organic Soils). Method 2974
measures the organic matter content of a sampleenWsing the method, the result must
be divided by 1.724 to get fractional organic carloontent. If the laboratory results are
reported as a percent, fractional organic carbartert may be obtained by dividing by
100. The FOC analytical method must be identifiredhe site characterization report
submitted to MDNR.

FOC analytical data should be carefully reviewedrpio being used to calculate Tier 2
SSTLs and prior to submission to MDNR. Data intiga unexpectedly high FOC
should be verified through discussion with the giedl laboratory and, if warranted, via
collection and analysis of additional samples.
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5.7 SATURATED ZONE CHARACTERISTICS

COCs that reach the water table primarily travefizzmtally in the saturated zone.
Vertical transport is also possible when a vertgi@dient exists between shallow and
deeper saturated zones. Saturated zone charactetimt determine the travel time for
the COCs as well as the travel direction include:

. Horizontal hydraulic conductivity,

. Hydraulic gradients (magnitude and direction),

. Saturated zone soil characteristics (fractionalanig carbon content, porosity,
and bulk density), and

. Occurrence and rate of biodegradation.

Of the four characteristics mentioned above, thetnmoportant aquifer properties are
horizontal hydraulic conductivity and hydraulic drent. Each of these is discussed
below, along with a brief discussion regardingcdheillary fringe.

Note that quantification of the above charactexsswill be required only at sites where it
is necessary to quantify the movement of waterher COCs by using a model. If a
guantitative evaluation is not necessary, a quaidainderstanding of these parameters is
sufficient.

5.7.1 Hydraulic Conductivity (cm/sec)

Hydraulic conductivity is the discharge of water peit area per unit hydraulic gradient
in a subsurface formation. Reliable estimates twfgpecific hydraulic conductivity can
be obtained by pump tests or slug tests. In tlserade of these tests, literature values
corresponding to the type of soil in the saturatede may be used. When a literature
value is used, adequate reference and justificétiothe value chosen must be provided.
When using literature values, all predominant $gples composing the saturated zone
must be considered. Hydraulic conductivity maydbe estimated based on the grain
size distribution of the porous formation.

5.7.2 Hydraulic Gradient (cm/cm)

The magnitude and direction of the hydraulic gratis estimated by comparing water

levels measured in monitoring wells across a sife.contour map shall be prepared,

either manually or using a computer program, ugialgl measured water level data.

These contour maps can be used to estimate botHitketion and magnitude of the

hydraulic gradient. When drawing the contour magase shall be taken to ensure that
measurements from monitoring wells screened irséime interval or hydrologic unit are

used. For sites where wells are screened in nreiltipnes, a contour map for each zone
shall be developed. For sites that have seasaration in hydraulic gradient and/or

predominant flow direction, estimate the averagérawylic gradient for each season and
each flow direction.
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At sites where a “deeper” groundwater zone is wsed water supply, vertical gradients
must also be determined via a comparison of waterl$ in adjacent wells screened in
different intervals. MDNR will consider exceptiottsthis requirement on a site-specific
basis.

5.7.3 Thicknessof Capillary Fringe (cm)

The capillary fringe is the zone immediately abdhe saturated zone where capillary
attraction causes upward movement of water molsduten the saturated zone into the
soil above. This zone is distinct in that it hdmmcteristics of both the vadose and
saturated zones. For purposes of the MRBCA prodhssthickness or height of the

capillary fringe must be measured or a default #alised. Because accurate field
measurement of the thickness of the capillary &imgn be difficult, literature values

based on the soil type immediately above the watgle may be used to assign a site-
specific value for the capillary fringe thickness.

5.7.4 Saturated Zone Soil Characteristics

The saturated zone soil characteristics includgifraal organic carbon content, porosity,
and bulk density. These parameters are requiregstimate the retardation factor that
“slows” the movement of chemicals within the satedazone and are also useful when
estimating future concentrations using models timalude a finite source and/or
biodecay. The laboratory methods to measure thasemeters have been discussed in
Section 5.6.

5.7.5 Occurrence and Rate of Biodegradation

By measuring several indicators (chemical concéntrs, geo-chemical indicators,

electron acceptors, microorganisms, carbon dioxete,), the occurrence of natural
attenuation can be measured at a site. Theseatodiccan be broadly classified into
three groups: (i) primary, (ii) secondary, and) g@rtiary lines of evidence. The collection
of biodegradation data need not occur at every €generally, this data will be required
only when biodegradation is a principal elementhef RMP. Data collected under each
line of evidence is used to qualitatively evaluse occurrence of biodegradation.

. The primary line of evidence is developed by derratiag that reductions in
chemical concentrations are occurring at a site thi@ evaluation of COC
concentrations in groundwater. The primary lineeeidence is best determined
by (i) plotting concentrations of COCs as a funttad distance along the plume
center line, (ii) plotting concentrations of CO@seiach well as a function of time,
and (iif) comparing COC concentration contour mapgarious times.

. The secondary line of evidence involves measurieg-chemical indicators
including (i) dissolved oxygen, (ii) dissolved mites, (iii) manganese, (iv) ferrous
iron, (v) sulfate, and (vi) methane. These indicatshall be measured in at least
three wells located along the plume flow line. Thells must be located to
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represent conditions at (i) a background or upgradocation, (ii) an area within

the plume near the source, and (iii) an area wittnplume downgradient of the
source. Developing a secondary line of evidenagetessary when the primary
line of evidence is inconclusive, or when such iinfation is necessary to design
a remedial system (e.g., the addition of oxygen).

. Developing a tertiary line of evidence involves ritdfying and quantifying
microorganisms within and near the plume via therfgpmance of
microbiological studies. A tertiary line of evidenis seldom developed at
petroleum hydrocarbon impacted sites. MDNR hasidothat, in most cases,
microbial populations at sites having petroleumtaomnation are adequate.

The commonly used methods to estimate biodegradaticlude (i) mass balance
analysis for expanding, stable, or shrinking plunaasl (i) plume concentration vs.
distance plots.

At most UST/AST sites, the development of secondemy tertiary lines of evidence is
usually not necessary. However, at most sitesurgiwater sampling data should be
plotted to evaluate temporal trends. These treadisbe used to determine whether the
plume is expanding, stable, or decreasing. MDNR watuire that the groundwater
plume be stable or decreasing prior to issuing d&dtther Action (NFA).

5.8 DISTRIBUTION OF COCsIN SOIL

The objective of soil characterization is to (ilideate the extent of site-related COCs,
(i) compare representative concentrations, or, dorficial soil at a residential site,

maximum concentrations, for each complete pathwaie target levels, and (iii) define

the area of release in the event that fate andpgmhmodeling is necessary.

Within the MRBCA program, distinction is made beémesurficial soil and subsurface

soil. Surficial soil is defined as soil extendifpm the surface to 3 feet below the

ground surface (bgs). Subsurface soil is defireedadl that extends from 3 ft bgs to the
top of the water table. A key difference betwearfaxe and subsurface soil is that, for
surficial solil, the direct contact pathway (ingesti dermal contact, and inhalation of
vapors and particulates) is considered complete bioth the residential and non-

residential receptors. For the subsurface sa8, gathway is considered incomplete for
the subsurface soil except for the constructionkeowho may be involved in excavation

activities below the surficial zone and hence cameirect contact with subsurface soil.

In fact, for the construction worker, no distinctias made between the surface and
subsurface soil.

Because of the differences in exposure pathwayssididiace and subsurface soils, an
adequate number of soil samples from each zondadchlag collected to meet the soil

characterization objectives listed above. Sufffis@l (as well as subsurface soil) may
include fill material - the distinction between fage and subsurface soil is one of depth
rather than composition.
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Note that, when volatile organic compounds (VOQG8)@OCs at a site, soil samples for
VOC analysis must be collected and analyzed inrderce with SW-846 Method 5035.

The following discussion is intended to assist fieson conducting the work in
determining where soil samples shall be collected.

5.8.1 Delineation Criteria, Area of Release, and Point of Release

The underlying basis of delineation is that cheimio@acts at a site should be delineated
to levels that are protective of human health dred énvironment. To the extent that
COC concentrations protective of human health dred @énvironment depend on the
complete routes of exposure, the delineation caitelepend on land use. Because
delineation is necessary to develop risk-basecktdeyels, some iteration in delineation
sampling may be necessary.

The delineation criteria are the lowest MRBCA TleRBTLs for each media. For soils
these levels depend on the land use (residentiahass-residential). Note that target
levels for surface soils (0-3 ft bgs) are differdrdn target levels for subsurface soils (>3
ft bgs). Note also that, when delineation critenia lower than the Required Reporting
Limits (RRLs) listed in Table 5-3, the RRLs or,|dwer, the detection limits of the
laboratory conducting the analysis, shall be carsid as the delineation criteria.

As applicable, the Tier 1 values in Table 7-1, 7/2(a), 7-4(b), 7-4(c), or 3-1 may be
used as delineation criteria. If the Tier 1 tarlgstels change, MDNR may adjust the
delineation criteria.

To determine the applicable delineation criterisaagite the following three steps are
necessary:

Step 1: Develop a land use map and determine what land (residential or non-
residential) apply to on and off-site propertiesfér to Sections 5.5.1 and 5.5.2, and
Figure 5-2).

Step 2:  Determine whether the groundwater ingestion payhwaomplete (under both
current and reasonably anticipated future use ef gloperty) for the zones where
groundwater is or will be impacted (refer to Settf3).

Step 3: Based on the above steps, select soil delinesigls for the COCs listed in
Table 5-1 that are applicable to the site.

As discussed in Section 5.3.3, COCs depend onribdtupt released. While, typically
benzene, methyl tert-butyl ether (MTBE), and tgpatroleum hydrocarbon-gasoline
range organic (TPH-GRO) will be the primary drivedglineation is required for all
applicable COCs.

| MRBCA Guidance Document Page F&bruary-242004January-1,-20130ctober 17, 2013



A few examples for determining delineation criteara presented below:

. If the land use both on-site and off-site is nosidential, use non-residential
delineation criteria.

. If the land use both on-site and off-site is restdd, use residential delineation.

. If either the on-site or the adjacent off-site largk is residential, use residential

delineation criteria.

Once the delineation criteria have been establighedhumber of samples to be collected
horizontally and vertically depends on the aresetdase and the point of release. These
terms are defined below:

Area of Release: The vadose zone area throughvpigitoleum product migrated from

the point of release to the capillary fringe and thater table below. In the area of
release, COC concentrations are elevated in theseadone below the point of release
and laterally where the petroleum migrated throtnghsoil.

Point of Release: This is the specific locationhivitthe area of release at which
petroleum product was released to the environmdiypical points of release include
holes in USTs, pipe joints or connections, pumandlconnections, AST spill drains, and
fill ports.

Professional judgment is frequently required ired®ining the point of release.
5.8.2 Determining Area of Release

Step 1: Initially, review site information and site hisyoto make reasonable judgments
about the area(s) of release. Within each arealedse, identify the point of release and
locate a boring at this point. If the point ofe@$e within an area cannot be determined,
locate the boring near the center of the releasa. atf the point of release is an active
tank or piping run, locating a boring immediatetijacent to the tank or piping might not
be practical for safety reasons. In such caseatdahe point of release boring as close
to the tank or piping run as is safely possible

Step 2: From the point of release identified in Step &psbut 25 feet in four opposing
directions (e.g., south, north, east, west or sagt) northwest, northeast, southwest,
etc.) and install 4 more borings. While installiegch boring, screen soil samples
continuously with a PID to determine whether or tfwg¢ boring is within the area of
release. This step will require professional judghof field screening results (e.g., PID
readings, evidence of soil staining, perceptionodbrs, etc). If the results of field
screening indicate that one or more of the borargsstill within the area of release, step
out in the same direction another 25 feet frompbmmt of release boring (i.e. it will not
be necessary to step out in all directions) anthihanother boring, screening the core
samples as the boring is advanced. Continue poatein this manner until borings are

L All borings and probe holes 10 feet deep or derpest be properly plugged in accordance with 10 CSR
23-4.
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outside the release area in all directions. Ushmggprotocol, some borings will be within
the area of release and some will not. Note thegiending on the distance from the point
of release to the edge of the area of releasetiadal borings might be needed to
provide data for the areas between the step-ouhdg®r The number of soil samples
collected in each boring shall be determined devid.

Soil Sampling at the Point of Release

To determine the vertical extent of COCs at eaaimboor probe advanced at a point of
release, four soil samples shall be collecteddbotatory analysis as follows:

. In each boring or probe, continuously conduct fistdeening (using a PID for
releases of gasoline and PID and sight and smehlidavier petroleum products).
Continue field screening, below the water tablee€essary, until PID readings at
two consecutive intervals are at or below backgddewels.

. Collect one soil sample from the 0 to 3 intervat (he point of release, this
sample is collected regardless of field screenasglts).
. Collect one sample from the interval between 3’ #meltop of the water table,

choosing the sample from the interval where fielesning indicates COC levels
are at their maximum.

. Collect one sample at the interface of the vadosesaturated zones i.e., within
the capillary fringe.
. Collect one sample below the water table from ttierval where field screening

indicates COC levels are at their maximum.

At sites where bedrock is encountered before regdhie water table, collect a sample at
the soil/bedrock interface.

Borings Away from Point of Release but within Ai@aRelease

Borings or probes advanced away from the poinekdase but within the area of release
should be sampled as discussed above for the pobietease, except that a sample need
not be collected from the 0 to 3’ interval unlessd screening indicates COC levels are
elevated in the interval.

Borings Outside the Area of Release

Soil samples for laboratory analysis will be cadléet from soil borings and borings
advanced for monitoring wells outside of the areeelease as follows:

. Collect one sample at the interface of the vadasesaturated zones.

. Collect one sample below the water table from ttierval where field screening
indicates COC levels are at their maximum.

. Collect one sample from the interval between 3’ #mal top of the water table

only if field screening indicates that elevated C(@Qels exist in the interval
(contamination detected in this zone generally redlp boring remains within
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an area of release).

At sites where bedrock is encountered before regdhie water table, collect a sample at
the soil/bedrock interface.

5.8.3 Sampling for Polynuclear Aromatic Hydrocarbons (PAHS) in Soil

As indicated in Table 5-1, analysis of all soil ga@s for naphthalene is required for all
petroleum types, including gasoline; however, asialyor other PAHs is only required
when it is known that diesel fuel, jet fuel, kenosgheavy fuel oils, or waste oil were
released, or when the type of petroleum releasadksown.

The following are required for all PAHs except ntyatiene:

* PAH analysis for all surficial soil samples in whitPH-DRO or TPH-ORO is
detected at a concentration above the laboratdsctien limit or the RRL,
whichever is lower.

* PAH analysis for a minimum of 25%, or two samplgBichever is greater, of all
subsurface soil samples in which TPH-DRO or TPH-OR@etected at a
concentration above the laboratory detection lonithe RRL, whichever is
lower. The samples that contain the highest canaons of TPH-DRO or TPH-
ORO must be the ones selected for PAH analysigpm:tbat two samples from
the same boring shall not be used.

* PAH analysis for all samples containing TPH-DRO'BH-ORO at a
concentration above the detection limit or RRL, atigiver is lower, and which
will be used to assess construction worker expgsure

5.8.4 Ethylene Dibromide (EDB) and Ethylene Dichloride (EDC) in Soil

When the product released was or could have beamgréuel, aviation gas, or leaded
gasoline, soil samples must be analyzed for EDBEID@. To determine whether leaded
gasoline could have been released, MDNR will assgaseline sold after December 31,
1986 was unleaded.

In these cases, Method 8260B or Method 8260B-SidMe(@ed lon Monitoring) shall be
used, unless another method having detection liamits below applicable target levels is
approved by MDNR.

5.8.,5 Soil Sampling and Analytical M ethods

All soil sampling must be performed in accordandth whe following procedures:

. Soil borings must be extended to the water tabl® ar specified depth, not less
than 20 ft bgs, if water is not encountered andaictp are not observed; this
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assumes one does not encounter refusal at a skali®pth.

. Field screening shall be conducted at interval® @f no more than 5 feet.

. Soil borings shall be logged . The logs at Fig&€a) and (b) or an equivalent
shall be used.

. Samples must be collected, preserved, and analyitboh proper holding times
in accordance with the methods presented in TalileeXcept as follows:

o Samples to be analyzed for volatile COCs must lleated in accordance
with SW846 Method 5035 unless a comparable altemanethod is
approved by MDNR. When using Method 5035, if thealgzing
laboratory purges samples at a temperature equal &bove 80 degrees
Celsius, the sample must be preserved using ditisedium phosphate
dodecahydrate (TSP) followed by refrigeration oriodzed water
followed by freezing. Preservation must not resulthe loss of volatile
COCs.

. Adequate quality assurance/quality control (QA/@@)cedures must be utilized
to ensure sample quality and integrity.

. QA/QC samples shall include surrogate and spikevexy and trip blanks
whenever possible. The samples must not be cadssminated by drilling fluid
or by drilling or sampling procedures.

. For samples requiring preservation by refrigerattbe chain of custody form for
the samples must indicate the temperature at whiglsamples were received by
the laboratory. MDNR may reject data for sampbeeived by the laboratory at
temperatures above 6°C.

. All sampling equipment must be decontaminated udtiRA and standard
industry protocols.

. A chain of custody form must accompany all samplascopy of the completed
chain of custody must be submitted with all labonatnalytical reports. MDNR
will not accept laboratory data that is not acconige by a corresponding chain
of custody.

59 DISTRIBUTION OF COCsIN GROUNDWATER

An adequate number of groundwater samples shaiblbected to definitively delineate

the extent of dissolved contaminant plumes in a#adions and to allow representative
COC concentrations to be calculated based on thmosexe model. Soil source
delineation should serve as a guide in choosindpitegion of monitoring wells.

5.9.1 Dedlineation of Groundwater Contamination

The delineation criteria for groundwater dependurether the groundwater pathway for
ingestion is complete or incomplete based on cenattbn of current and potential future
ingestion of the groundwater. Where the groundwaa¢hway for ingestion is complete,
delineation criteria will be the lower of (i) theamimum contaminant levels (MCLSs) (in

the absence of MCLs, risk-based concentrations dhstime ingestion of groundwater
and inhalation of vapors due to indoor water usa)d (i) land use-dependent
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concentrations protective of indoor inhalation.

For groundwater where the groundwater ingestiohvpay is incomplete, the delineation
criteria are based on the protection of indoor lai@n. The indoor inhalation-protective
values depend on whether the land use is residentien-residential.

Delineation of groundwater contamination shouldrbaccordance with the following:

. At sites where groundwater is, or is reasonablglyiko be, used as a source of
drinking water, investigations must delineate theteet of groundwater
contamination to the applicable MCLs or other ratlgvstandards protective of
drinking water or the standards protective of imdaohalation of vapors,
whichever are lower

. If the groundwater ingestion pathway is incompletieboth residential and non-
residential sites, investigations must delineatugdwater contamination to the
groundwater target levels protective of land usecgf indoor inhalation.

5.9.2 Groundwater Sampling and Analytical M ethods

If groundwater has been contaminated by COCs, teampsampling points may be used
to screen for groundwater contamination and tesagsidetermining the optimal location
of monitoring wells. A sufficient number of monitog wells shall be installed to fully
define the groundwater plume and allow the directmf groundwater flow to be
determined. Monitoring wells 10 feet deep and deepust be installed in accordance
with 10 CSR 23-4, and the following procedures:

. An adequate number of monitoring wells must beaifest to sufficiently
delineate the horizontal and vertical extents @& ¢noundwater plume and the
direction of groundwater flow. At a minimum, oneonitoring well must be
installed in the source area, one upgradient of dberce area, and another
downgradient of the source area.

. Well placement and design shall consider the canagon of COCs in the source
area and the occurrence of light non-aqueous gltpsds (LNAPLS) at the site.

. Well casing and screen materials must be propeslgcted. The top of the
screened interval must be set at least 2-3 feetgbly 5 feet) above the water
table, unless the water table is within 3 feethef ground surface.

. Wells must be properly developed and gauged afstaliation.

. A site survey must be conducted to establish whkdlagions and, by that,

groundwater elevations. Based on the groundwd¢eatons, groundwater flow
direction and gradient shall be determined andguodbn a map of the site.
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Groundwater samples must be collected in accordaitbethe following guidelines and
procedures:

Monitoring wells must be purged an adequate nunobevell volumes prior to
collecting a sample, unless a no-purge or low psgagapling technique has been
approved by MDNR.

Samples must be collected utilizing US EPA apprawethods and equipment.

Samples must be adequately preserved accordinpetarequirements of the
laboratory analyses and extracted within holdinge8 specified for each
analytical method.

Water samples to be analyzed for MTBE or the othgigenates listed in Table
5-1 must be preserved with trisodium phosphate caidglrate (TSP), followed
by refrigeration, or by deionized water followed fiogezing, unless the analyzing
laboratory purges samples at a temperature belodegfees Celsius.

For samples requiring preservation by refrigerattbe chain of custody form for

the samples must indicate the temperature at whiglsamples were received by
the laboratory. MDNR may reject data for sampbeeived by the laboratory at
temperatures greater than 6°C.

Sample analyses must be conducted in accordanbewitent MDNR analytical
requirements and US EPA Office of Solid Waste amdefency Response
SW846 Methods. Refer to Table 5-1 for a listingtleé required analytical
methods.

Adequate QA/QC procedures must be utilized to ensample quality and
integrity. QA/QC samples shall include surrogatgke recovery, field blanks,
and trip blanks.

All sampling equipment must be decontaminated usi®) EPA and industry
standard protocols.

A chain of custody form must accompany all samplascopy of the completed

chain of custody must be submitted with all laborgatanalytical reports. MDNR

will not accept laboratory data that is not acconige by a corresponding chain
of custody.

In most cases, for the first year after well instadn, quarterly samples will be

required. Subsequent monitoring schedules shoelldesigned and proposed to
MDNR as part of a site characterization or corkectction plan, with a defined

objective and timeframe.
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5.9.2.1 Sampling Groundwater for PAHs

As indicated in Table 5-1, analysis of all grountevaamples for naphthalene is required
for all petroleum types, including gasoline; howevanalysis for other PAHs is only
required when it is known that diesel fuel, jetlfuerosene, heavy fuel oils, or waste oil
were released, or when the type of petroleum reteesunknown.

The following are required for all PAHs except ntqatlene::

 Samples in which the concentration of TPH-DRO orHI®RO is below the
laboratory detection limits or the RRLs in Tabl& 5whichever are lower, need not
be analyzed for PAHS;

* A minimum of 25%, or two, whichever is greater, ggbundwater samples having
detectable TPH-DRO or TPH-ORO shall be analyzedPidHs. Samples selected
for PAH analysis shall be those that contain tlghést concentrations of TPH-DRO
or TPH-ORO; and

» All groundwater samples that will be used to assesstruction worker exposure and
which contain TPH-DRO or TPH-ORO at a concentratibove the detection limit or
RRL, whichever is lower, must be analyzed for PAHSs.

In certain cases where the solubility of PAHs igsoexpected to be increased due to the
presence of other contaminants in soil and/or giauater, a greater number of
groundwater samples than specified above may relee analyzed for PAHS.

5.9.2.2 Ethylene Dibromide (EDB) and Ethylene Dichloride (EDC) in Groundwater

When the product released was or could have beamgréuel, aviation gas, or leaded
gasoline, and there is a complete exposure pathwalomestic use of groundwater,
groundwater samples must be analyzed for EDB and.EDo determine whether leaded
gasoline could have been released, MDNR will assgaseline sold after December 31,
1986 was unleaded.

In these cases, Method 8011 shall be used to an&yzEDB and Method 8260B or
Method 8260B-SIM (Selective lon Monitoring) shaél bsed to analyze for EDC, unless
other methods having detection limits at or belgplEable target levels are approved
by MDNR.

5.9.3 Determination of Plume Stability

To assess plume stability, groundwater monitoringsttbe conducted for a period of
time sufficient to show a reliably consistent treandontaminant concentrations. For the
MRBCA process, such trend must be apparent oveordtaning period of one to three
years, with samples collected on at least a qupfasis. The default assumption is that
two years of data will be necessary to make a detation of plume stability, however,
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in cases where one year of monitoring is sufficeentlemonstrate a clearly declining or
stable plume, no further monitoring will be requireln some cases where two years of
monitoring does not clearly show a stable or dewjjrplume, additional data may be
required. Greater than three years of monitoriitgaut a conclusion of stability would
indicate that the plume is not stable.

Groundwater monitoring for the purpose of evaluamiume stability must be conducted
under a work plan approved by MDNR.

510 SURFACE WATER AND SEDIMENT SAMPLING

MDNR may request the collection of surface waten@as when site investigation data
shows or suggests that COCs have migrated to acsurfater body. Such sampling
must consider the representativeness of the samjflesegard to the flow conditions.

Water samples shall be collected both upstreamdamehstream of each groundwater
discharge point. If one or more discrete dischgrgats cannot be identified even
though the data indicates that contaminated groateiws discharging to surface water,
the point of discharge shall be determined basedava pertaining to groundwater flow
direction and the horizontal, lateral, and vertesent of the plume.

In addition, the collection of sediment samples rbhayrequired by MDNR if warranted
by site conditions. If site investigation data wlkoor suggests that contaminated
groundwater is discharging to a surface water bedgiment samples must be collected
from the affected surface water body. The evalusihall compare the sediment sample
data with sediment standards protective of humaittihand ecological receptors that can
be obtained from literature (refer Section 6.6)evelop site-specific levels. The latter
would be considered a Tier 3 activity and woulduiegja pre-approved work plan. Refer
to Section 6.4 for further guidance regarding thalw@ation of surface water.

511 SOIL VAPOR SAMPLING

For sites where soil and/or groundwater concewinatexceed the Tier 1 RBTLs for the
vapor migration to indoor air pathway, soil vapoonitoring can be conducted at either
Tier 1 or Tier 2 to quantify COC concentrationstire vapor phase in soil. See
subsection 6.1.3.1 and Appendix C.

512 LABORATORY QA/QC

Laboratory analytical data must be accompanied AYQQ sample results. The required
QA/QC samples include a method blank, a laboratontrol sample, a matrix spike, and
a duplicate/spike duplicate. Instrument perforneasamples such as internal standard
and surrogate recovery samples must be includetthandata package.Laboratories
having National Environmental Laboratory Accreddat Program (NELAP)
accreditation need not submit full internal QA/Q&tal packages with their analytical
data, however the above mentioned QA/QC samplendasa be submitted.
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The laboratory must ensure that the portions ottten of custody form relevant to the
laboratory are completed and that the completethafacustody form accompanies all
data packages.
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