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EXECUTIVE SUMMARY

This document presents the results of a survey undertaken by the U.S. Environmental Protection
Agency’'s (EPA’s) Office of Emergency and Remedia Response (Superfund). The survey was designed
to estimate the proportion of Nationa PrioritiesList (NPL) siteswhere Dense Nonaqueous Phase Liquids
(DNAPLS) may be present. Earlier studies by OERR suggested that DNAPLs may be more common at
hazardous waste Sites than previoudy thought, and may act as a continuing source of contamination thus
reducing the ability of pump-and-treat systems to attain cleanup goas within expected timeframes
(Evduationof Ground Water Extraction Remedies, Phase 1, EPA 9355.4-05). This study representsthe
fird systematic nation-wide review of NPL stes designed to estimate the extent of subsurface DNAPL
contamination.

Superfund sites with DNAPL contaminants pose specid problems and challenges with respect to
dgte investigation and remediation because DNAPLs comprise a separate liquid phase whose behavior
differs sgnificantly from that of the dissolved phase. Unlike the transport of dissolved contaminants,
DNAPL migrdion is gravity driven and ratively unaffected by ground water flow. DNAPL transport is
grongly influenced by small-scale geologica heterogeneities, and the resulting subsurface digtribution of
DNAPLSs can be extremely complex. Further, DNAPLs can migrate verticaly through fractures in rock
or clay layers, and thus, can contaminate deep aquifer systlems. Since many DNAPLs are clear liquidsin
their pure product form, they are difficult to recognize, even when directly encountered in the subsurface.
Asaresult of these characterigtics, conventiond ste investigation methods which are used successfully at
non-DNAPL stesmay produce mideading datawhen used at DNAPL sSites, and in some casesmay cause
gte conditions to worsen. Once they reach the saturated zone, DNAPLs congtitute a mgjor long-term
source of dissolved-phase contamination that is difficult or, in some cases, impossble to remove with
current technology. Indeed, because of their unique characteristics and behavior in the subsurface,
DNAPL s pose a serious chalenge to conventiona site investigation and remediation techniques.

In summary, this study developed an estimate of the likelihood of DNAPL in ground weter by
re-evaluding exidting dte data at alarge sample of NPL sites. The results of the study are intended to aid
policy makers by serving as a basis for assessng ground water remediation policy and guidance in the
Superfund program. Theresults of thisstudy aso suggest that the emphasis of future research efforts should
be placed on chlorinated solvents and mixed solvents Sites, as these represent the mgjority of Stes having
DNAPL-related compounds.

An additiond god of the project was to assess the usefulness of various indirect indicators of
DNAPL presence associated with Ste historica activities and ground water contaminant information. The

results of this study indicate that certain indirect indicators correlate well with DNAPL presence. Thiscan
benefit Ste managers by helping focus data

viii
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gathering efforts early in the Ste assessment and investigation phases.

This report does not detail dl of the proceduresthat a Ste interpreter would use to determine the
presence of DNAPLsa aspecific dte. Thereisno viable substitute for careful and thorough evauation of
dl ste data by an experienced ste interpreter. However, the methodology used in this study to estimate
the likelihood of DNAPL presenceis quite smilar to the method outlined in the Fact Sheet * Edimating the
Potential for DNAPL Occurrence at Superfund Sites’ (Appendix B, EPA/9355.4-07FS) and as such
could be applied to any existing Ste where gppropriate information exists. However, it is not intended to
serve as a subgtitute for a complete and thorough site evauation by an experienced Site interpreter. The
methodology used in this study will be used to revise and update the above-referenced Fact Sheet. For a
detailed discussion of the scientific and technical issues associated with DNAPL compounds and their
behavior in the subsurface environment please refer to the recently published technical guidance document
“DNAPL Site Evduation” (EPA 600/R-93-022).

The study included a screening level evauation of 712 NPL stes (roughly 55% of al NPL Sites,
asof 1991) in Regions 1, 3, 5, 6, and 9. At forty-four of the 712 sites, DNAPL s were observed directly
in the subsurface. The likelihood of DNAPL occurrence a the remainder of these Stes was estimated
based on more detailed andlysis of a subset of 310 sites (25% of the NPL stes), including 40 of the Sites
where DNAPLs were observed directly. Findly, these results were then extrgpolated to all NPL Sites.
Detalled information for each Ste studied was obtained from Remedid Invedtigation and other dte
characterizationreports, direct discussonswith Remedia Project Managers, and regiond hydrogeologists.
Nearly al mgor physographic regionsinthe U.S. and virtualy al categories of Superfund Stetypeswere
covered by thestudy. The conclusonsdrawnin thisreport are based solely onthesite higtorical information
and dte characterization information provided for review.

Two separate ranking systems were devel oped that, when gpplied to siteinformation, would yield
a rdative ranking of low, medium, or high for the likelihood of subsurface DNAPL. The two ranking
sysems were based on ste higorica information and Site contaminant information, respectively. These
separate rankings for each ste were then combined via a marix table into a sngle estimate of the likely
presence of DNAPL at that site. The Steswhere DNAPL swere observed directly were used to measure
the gpplicability and effectiveness of the two ranking systems.

Three additiond factors were evaluated in order to determine what influence they had on
determining the likelihood of DNAPL presence. The three factors were: 1) hydrogeologic setting; 2) site
use type; and 3) Site contaminant type.

The results of this study provide the backdrop for anumber of other important technica guidance
documents and Fact Sheets. Theseinclude: “Evauation of the Technica Impracticability of Ground Water
Regtoration”; “Presumptive Remedies. Strategies and

iX
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Treatment Technologies for CERCLA Siteswith Ground Water Contamination” , “ Site Characterization
for DNAPLS’; and “Methods for DNAPL Extraction.”

CONCLUSIONS

Extrapolationof the survey resultsto the current universe of NPL Sitesindicatesthat approximeately
60% of al NPL dtes exhibit a medium to high likelihood of having DNAPLS present as a source of
subsurface contamination. A further breskdown yields the following: gpproximately 5% of the Sites fall
within the category where DNAPL presence is “definite or known”; 32% of Stes have a*“high potentia”
for DNAPL presence; 20% have a*“medium potentid”; 27% fal within the “low potentid” category; and
16% are” unlikely” to have DNAPL s present. In someingtancesthelower likeihood of DNAPL presence
may be the result of inadequate knowledge of past Site activities and/or inadequate Site characterization.
Thus the results of this study suggest that the presence of DNAPLs should be considered carefully in
planning Ste investigation and cleanup strategies for most Superfund Sites.

The analyss of hydrogeologic setting on DNAPL occurrence indicated that there was no
identifiable hydrogeologic setting that had a greeter likelihood of exhibiting subsurface DNAPL than
another. In addition, dissolved-phase DNAPL contamination was just as likdly to be present in aguifers
with a deep vadose zone as those with a shallow water table.

The relaionship of site use to DNAPL occurrence was evauated in order to determineif certain
steuses (dtetypes) exhibited agreater likelihood for subsurface DNAPL than others. Theresultsindicated
that indeed, certain Stetypes continuoudy ranked “high” in likelihood of DNAPL presence. Site categories
with the highest likelihood of having DNAPL include: wood-treating Sites, generd manufacturing Stes,
organic chemica productions sites, and industrid waste landfills. Sites within these categories should be
assumed to have amedium to high likelihood of DNAPL presence and site managers should design site
investigationand remediation activitiesaccordingly. A moredetailed list of Stetypesfaling under thesefour
generd categoriesisincluded in the main body of the report.

The relaionship between site contaminants and DNAPL occurrence was evauated in order to
determine if there were certain suites of compounds present at concentration levelsabovethear theoretica
maximum solubilities that would exhibit a higher likelihood of subsurface DNAPLsthan a Steswhere that
dtuation does not exist. The results corrdlate well with the types of DNAPL compounds associated with
gpecific Ste types. The contaminants most directly associated with DNAPL presence included: creosote
compounds, cod tar compounds, Polychlorinated Biphenyls (PCBs), chlorinated solvents, and mixed
solvents. However, even though creosote, cod tar, and PCB siteswere easly linked with specific Ste uses,
and have ardatively high likelihood of subsurface DNAPL, they represent only avery small proportion of
the universe of NPL sSites. The mgority of NPL steswhere
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likelihood of DNAPLs s high exhibit chlorinated and mixed solvent contaminants in ground weter.

The results of this study also suggest that the emphasis of future research efforts for ground water
remediation should be placed on chlorinated solvents and mixed solvents sites, as these represent the
mgority of sites having DNAPL-related compounds present as a separate phase and as a source of
dissolved-phase ground water contamination.

The dte historica information ranking system corrdlated well with the information from the Sites
known to have DNAPLS present. The historica information focused on Ste use, past disposd practices
and release of DNAPL compounds throughout the period of Ste operation. This information can yield
important direct and indirect evidence that DNAPLSs have been released. However, the lack of such
information does not congtitute evidence that DNAPLs were absent at aSte.

The ground water contaminant ranking system (expressed asaper cent of maximum solubility) also
correated wel with information from the sites known to have DNAPL s present. While the presence of a
DNAPL -related compound dissolved in ground water isone of the best indirect indicators of thelikelihood
of DNAPL presence, the presence of dissolved-phase DNAPL does not confirm the presence of a
pure-phase DNAPL sourcein the subsurface. However, certain concentrations are now generally accepted
by the research community asindicating ahigh likelihood of asubsurface source of DNAPL acrossawide
range of sitetypes(i.e. 1% or more of acompound’ s solubility). However, concentrationsrepresenting less
than 1% of a compound's solubility does not indicate the absence of a subsurface DNAPL source.

X
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CHAPTER 1
INTRODUCTION

Dense nonaqueous phase liquids (DNAPLSs) are chemica compoundsthat are heavier than water
intheir pureform. Examples of such compoundsare chlorinated solvents, which were associated with many
gte operations common at Superfund sites. By far, the largest group of DNAPL compounds encountered
a Superfund Sites congsts of chlorinated organic solvents. Because of their unique characteristics and
behavior in the subsurface, DNAPLsmay pose aserious chalengeto conventiond site characterization and
remediation techniques.

Superfund sites with DNAPL contaminants pose specid problems and challenges with respect to
gte investigation and remediation (Cohen and Mercer, 1993; Huling and Weaver, 1991; Mackay and
Cherry, 1989). DNAPLSs comprise a separate liquid phase whose behavior differs sgnificantly from that
of the dissolved phase. DNAPL migration isgravity driven and rdatively unaffected by ground water flow
and often moves in a manner that is independent of ground water flow. DNAPL transport is strongly
influenced by smdl-scade geologica heterogeneities, and the ultimate subsurface digtribution of DNAPLS
canbeextremely complex. DNAPLscan migrate verticaly through fracturesin rock or clay formationsand
thus, can contaminate deep aguifer systems. Once DNAPL s have entered the subsurface environment, they
can act as a source of contamination for an extremely long period of time by releasing gas phase and
aqueous phase chemicas to soil and ground water. Many DNAPLs are clear liquidsin their pure product
form and are therefore difficult to recognize, even when directly encountered in the subsurface.
Conventiona investigation methods which are used successfully a non-DNAPL dtes may produce
mideading datawhen used at DNAPL sites, or in some cases cause site conditions to worsen. Once they
reachthe saturated zone, DNAPL s constitute amajor long-term source of dissolved-phase contamination
that can be difficult or, in some cases, impossible to remove with current technology.

Scientific knowledge concerning the occurrence and behavior of DNAPLs in ground water was
nearly non-existent in 1980 when the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA) was enacted. As aresult, many Superfund Site investigations in the 1980s were carried
out without regard for possible DNAPL presence. However, fidld data collected during theseinvestigations
indlude both direct observations of DNAPLsand indirect evidence of DNAPL sources. Thesedataprovide
a valuable resource for understanding the impact of DNAPLs at Superfund Stes and for guiding future
efforts to define DNAPL contamination.

The primary god of this sudy isto estimate the likelihood of occurrence of DNAPLS in ground
water at Superfund stes nation-wide through the re-evaluation of existing Stedata. Theresultsof thisstudy
are intended to provide atechnica and scientific basis for refining ground weater remediation policy and
guidance in the Superfund program. Secondary gods of this project areto:
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N asxss the usefulness of various indirect indicators of DNAPL occurrence
from existing Superfund site documents;

N  raseawareness of DNAPL issuesin the EPA regiond offices and highlight
specific Stes at which DNAPLSs occurrence islikely; and

N identify groups of Superfund Stesthat have smilar DNAPL-related characteristics
in order to provide aframework for long-term program planning and research.

This report is not a guidance document, however, the methodology used to estimate the likelihood of
DNAPL presenceis based dight modifications of the method outlined in the Fact Sheet “Ediimating the
Potentia for DNAPL Occurrence at Superfund Sites” and could be applied to any existing site where
appropriate information exis. The methodology used in thisstudy will aid in refining and revisng the above
referenced Fact Sheet. Please refer to the guidance document “DNAPL Site Evduation” (EPA
600/R-93-022) for a detailed discussion of the scientific and technical issues associated with DNAPL
compounds and their behavior in the subsurface environment.

1.1  Background

The Superfund program specifically addresses Steswhere pagt, rather than current, activitieshave
led to the contamination of soil and water resources. Contamination at many Superfund Stes has been
occurring over many years, or in someinstances, severd decades. Typically the contamination resultsfrom
waste handling and disposa practices no longer dlowed, and frequently involves contaminants that are
resstant to rapid breakdown. Common among these contaminants are synthetic organic compounds, a
category of compounds manufactured in large quantities since the second World War. Many of these
gynthetic organics, particularly the chlorinated solvents, are denser than water in their pure form.

Theenvironmental mediamaost commonly affected by contamination a Superfund Stesare soil and
ground water. A review of data collected from the current sites on the NPL indicates that 85% of the Sites
have ground water contamination and 72% have soil contamination (USEPA, 1991). An EPA report of
Superfund Records of Decison (RODs) indicates that, of the 591 stes for which Records of Decision
(RODs) have been signed address ground water contamination, 90% (535 sites) report ground water was
contaminated with organic compounds. A centrd task of the Superfund program, then, isto address the
contamination of ground water resources by organic compounds.

Ground weter investigations differ from other kinds of environmenta studiesin that they involve a
sgnificant amount of inference. An understanding of potential sources and avenuesfor contaminant release
generdly id recongtructed from historical information on site practices. A three-dimensiond ste conceptua
mode of subsurface contamination
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generdly is developed using data from relatively sparsely placed soil and ground water sample locations,
and contaminant behavior must beinferred from an understanding of theinteractionsof chemica properties
and ste hydrogeologic conditions.

Higoricdly, for many Superfund investigations, the site conceptual model has assumed that the
sources of ground weater contaminants lie primarily in the unsaturated zone, near the ground surface. Also,
contaminants are generally considered to have been released to the environment as part of an agueous
solution rather than in their pureliquid form. Under thisconceptud mode, rainwater infiltration through the
unsaturated zone is consdered to be the mgor mechanism of contaminant transport from the surface to
ground water; and al contaminantsin the saturated zone are either dissolved in ground water or sorbed to
aquifer materid.

This Ste conceptua mode has driven nearly dl Superfund Steinvestigationsthrough the 1980sand
early 1990s. Percalving a Ste in this manner affects the kinds of data collected at a Site as well as the
remedid actions selected. A revised conceptua model, where subsurface DNAPL is a source of
dissolved-phase contamination should influence both the Site investigation techniques and the options for
ground water remediation.

Potentia differences between anon-DNAPL steand aDNAPL steareillustrated in Figures 1-1
and 1-2. Figure 1-1 shows a plan view and cross sectional diagram of a Site at which the source of
contamination is an unlined hazardous waste lagoon that received trichloroethylene (TCE) waste over a
twenty year period, dl in the form of an agueous solution. In this case, the TCE istrangported through the
unsaturated zone in dissolved form, reaching the weter table and forming a plume of dissolved TCE inthe
upper aquifer. The plume migratesin the direction of ground water flow. In contrast, Figure 1-2 shows a
gte a which TCE was discharged into the lagoon over a smilar active period as a separate immiscible
liquid. For this second case, the pure TCE has migrated into the subsurface, where it acts as a source of
dissolved contamination. The TCE DNAPL hastraveled out the base of the lagoon through the upper sand,
leaving behind immobile blobs (resdud) trapped in the pore spaces of the sand. Thefirst clay layer hasnot
acted asabarrier to contaminant migration. Since DNAPL transport is gravity driven, the TCE pooled on
depressions on the clay surface and penetrated fractures or rootholesin the clay, where it then entered the
second aquifer. Both diagrams depict the same hydrogeol ogical setting, with massive sand unitsinterbedded
with clay layers. These figures represent smplifications of actud subsurface conditions which may be
encountered at Superfund Sites.

Word-searchable Version — Not a true copy



Figure1-1. Schematic cross section of a site at which TCE has been discharged to a waste
lagoon over a 20 year period as part of an aqueous solution.
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Figure 1-2. Schematic cross section of a site at which TCE has been discharged to a waste
lagoon over a 20 year period as a separate organic liquid.
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This study reviewed Superfund dite data collected as if a Ste looks like Figure 1-1, and
re-examined it to determine whether Ste data are actually more consistent with Figure 1-2. The relaive
likelihood of DNAPL occurrenceisinferred by asking the following types of questions: Are Site operators
certain that no TCE was released in a nonagqueous form? Were high concentrations of dissolved TCE
unexpectedly found in the lower zones? Were nonagueous liquids observed in soil cores from the base of
the lagoon? Has a pump and treat system removed a contaminant mass that is many orders of magnitude
larger than that which is present in the dissolved plume? Together these types of information can help to
indirectly assess whether DNAPL sources might be present below the water table. This study did not
attempt to estimate the mass of DNAPL in the subsurface at any Site, and does not describe the methods
for doing 0.

1.2  Potential Scope of the DNAPL Problem

Information from recent studies suggests there is a potentid for DNAPL contamination at many
Superfund sites. As previoudy noted, approximately 85% of the sites on the NPL reported ground water
contaminationduring the Hazard Ranking System scoring process. Approximately 800 NPL sites, or 66%
of the steslisted on the NPL, report solvents as waste materials (NPL Characterization Project, 1991).
Forty-nine stesused creosote, and eight were cod gasification plants, which routinely disposed of cod tar.
Of the twenty organic contaminants detected most frequently in ground water at Superfund Stes (Table
1-2), thirteen are DNAPLs or DNAPL-related compounds. Of these thirteen, most are chlorinated
solvents.

In the late 1980s, EPA conducted a study of the efficacy of pump and treat systems at 24
Superfund sites (Evaluation of Ground-Water Extraction Remedies, EPA Directive 9355.4-05). One of
the conclusions of this sudy was that, a key factor preventing efficient site clean-up within a reasonable
timeframe wasthe failure of remedid designsto account for the possibility of subsurface DNAPL. A more
recent study of pump and treat remediation at 11 chlorinated solvent sites (Harman et a, 1993) found that
thetwo mgor limitsto aguifer restoration wereinadequate Site characterization and presence of unidentified
reservoirs of subsurface DNAPL sources.

Despite the widespread use of DNAPL compounds, and the common detection of these
contaminants dissolved in ground water, very few Superfund sitesreport direct observations of DNAPLS
in the subsurface. An informa poll of the EPA Regions conducted as part of this study found 44 sites (less
than 5% of the NPL sites) at which DNAPLs had been directly observed. Further, most of the encounters
have been accidentd. Therefore, in order to assess the pervasiveness of DNAPL at Superfund Sites, this
study used indirect indicators of DNAPL sources to assess the potential for DNAPL occurrence in the
absence of direct observation.
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Table 1-2. Organic contaminants detected most frequently in ground water at Superfund Sites.

Ranking Chemical
1 Acetone

2 Bis (2-ethylhex) phthalate
3 Toluene

4* Trichloroethylene

5* Chloroform

6* Methylene Chloride

* Dichlor oethylene, 1,2-
8* Trichloroethylene, 1,1,1-
9 Benzene

10* Tetrachloroethylene

11 Xylenes

12* Dichloroethane, 1,1

13 Ethylbenzene

14* Di-n-butyl phthalate
15* Naphthalene

16 Methyl Ethyl Ketone

17* Chlor oebenzene

18* Dichloroethylene, 1,1
19* Phenol

20* Carbon Disulfide

SOURCE: Superfund Chemicd AndyssResults (SCAR), downloaded from the CLP Anaytical Results
Database (CARD). The CARD database was published in 1988 and contains results from the Contract
Laboratory Program (CLP) analyses of samples taken from Superfund sites.

* = DNAPLsor DNAPL-related compounds.
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1.3 Overall Study Strategy

The approach used for this study was to screen alarge sample of stes to identify good candidates
for detailed andlysis, evauate asubset of Stesin detail for indirect indications of DNAPL occurrence, and
then extrapolate the findings to dl NPL sites across the country. 712 sites were surveyed. The detailed
andysisincluded 310 Superfund sitesin five EPA Regions and was performed using a sandardized data
callection form. The formrequested information pertaining to DNAPL indicatorsthat were most uniformly
avalable in gte documents. The subgroup of sites studied congtitutes one quarter (25%) of the Sites listed
on the NPL.

In selecting the subset of Stes, only those were consdered that were far enough aong in the ste
investigation process that sufficient data could be obtained for an evauation of DNAPL occurrence, and
to obtain arange of hydrogeologica settings and Ste use types.

At forty stes, DNAPL had been directly encountered in the subsurface. Although this subgroup is
not entirely representative of DNAPL sites addressed by the Superfund program asawhole, it represents
the only available standard for measuring the relative importance of indirect indicators of DNAPL
occurrence. For the other 270 stes studied in detail, dissolved organic contaminants had been detected
in ground water but there were no direct observations of DNAPL in the saturated zone. For this subse,
aranking system was developed that assgned a high, medium, or low potentiad for DNAPL occurrence.
The system separately analyzed the site use history and ground water data, and then combined the
information into a Ingle estimate, usng amodified verson of that outlined in the Fact Sheet “ Edtimating the
Potentia for Occurrence of DNAPL at Superfund Sites (Appendix B).

Once the potential for DNAPL presence had been estimated for a Site, it was grouped with smilar
gtesto seeif there were other factors that would influence DNAPL occurrence. Sites were grouped by
hydrogeologica setting, prior use, and ground water contaminant type. The fina task wasto extrapolate,
from the results of this study to the remaining NPL sites. This provided an indication of the pervasiveness
of DNAPLsat al NPL stes. Theseresultswould then allow the Superfund program to evauate, and refine
as gppropriate, the policies associated with ground water remediation.
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CHAPTER 2
DATA COLLECTION AND MANAGEMENT

In developing a data collection strategy for this study, two factors were balanced: the number of
gtes evauated and the amount of information collected from each Ste. To incorporate a representative
sample of site uses and hydrogeologic settings, as many Stes as possible were evauated given the time
frame of the study. Specific gods of the data collection effort were to:

N collect dte information in a condstent manner for
comparaive anayss,

N obtain enough detailed information on the dtes
known to have DNAPLs to test the assumptions
regarding indirect indicators of DNAPL
occurrence;

N obtain informationfrom abroad spectrum of Sites,
those with both high and low DNAPL probability;
ad

N collect information encompassing a range of Ste
uses and hydrogeologica settings.

Indl, detailed information on 310 Superfund Stesin five EPA Regions, including 40 Stesat which DNAPL
had been directly observed in the saturated zone, were collected and evaluated.

21 Data Needs

Siteinformation from Remedid Investigation (RI) and other Site characterization reports, and other
Site documents provided the bulk of the information used to evaluate the potential presence of DNAPL.
Thetool used for recording thisinformeation was asite survey form (Appendix A). Thestesurvey formwas
very detailed, and included informeation that woul d enable eva uation of theindirect DNAPL indicators|isted
in the DNAPL Fact Sheet (Appendix B). One form was completed for each site. A list of genera
categories of ste information collected is provided in Table 2-1.
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Table2-1. Badic Information on Each Site Collected for the DNAPL Site Assessment Study.

Site Higtory

Site use and years of use

Higtorical industrid and waste disposa practices

Hazardous substances and chemicas on-site

Information on known releases of hazardous substances and chemicas

=2 =2 =22

Site Investigation

Observation of LNAPLs and DNAPLs

Maximum observed concentrations of organic chemicasin ground water
Main contaminant sources

Presence of DNAPL-related spatial and tempora patterns in ground water

= =2 =22

Extent of Fidd Program

N Stage in the Superfund process
N Number of monitoring wells and ground-water samples andlyzed for organics
N Genera understanding of hydrogeology, contaminant sources, and ground-water contamination

Hydrogeologica Information

N Unconsolidated and bedrock materids
N Depth to bedrock and to ground water
N Dimensions of ground-weter plume

Survey Response

N Generd comments on survey content
N Comments on DNAPL information and research needs

10
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2.2 DNAPL Survey Response

The number of Stesfor which detailed information was obtained from each regionislisedin Table

2-2.
Table 2-2. Number of sites evaluated in each region during the study period (November 91 -
December 92).
EPA Number of Number of Percent of
Region Superfund Stesin Superfund Stes Superfund Sites
Region™* evauated evauated
in detal in detall
Region 1 84 79 94%
Region 3 162 92 57%
Region 5 267 74 28%
Region 6 74 23 31%
Region 9 125 42 33%
Tota 712 310 44%

* This number representsthe number of active steson the NPL in theregion at thetime of the study
(FY 92).

11
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CHAPTER 3
ANALYSISOF DNAPL OCCURRENCE

The methodology used for establishing the potentia for DNAPL occurrence in ground water at
Superfund gtes is based on the gpproach outlined in the Fact Sheet, “Edtimating the Potentid for
Occurrence of DNAPLs a Superfund Sites” (Appendix B). In keeping with the Fact Shest, two broad
categories of Superfund Site data were considered:

@ information from the site use history, and

2 data obtained during the Ste investigation of
ground water contamination.

These data were evauated independently and then combined into a single estimate of the rdative
probability of the presence of subsurface DNAPL. In order to gpply the method consistently acrossawide
vaiety of ste types, pecific means of answering the questions posed by the DNAPL Fact Sheet were
defined. Basad on experience evauating alarge number of Stes, modifications and refinementswere made
to the Fact Sheet approach. This chapter outlines the method of ranking sitesfor DNAPL probability and
discusses the findings regarding the potential for DNAPL occurrence at the 270 NPL stes. The ranking
system was aso applied to the 40 sites where DNAPLSs were observed present, as a measure of the
effectiveness of the methodol ogy.

The ranking system uses a basdline of information that was easlly obtainaole for the mgority of
gtes, and by its nature cannot consider al of the complexities of each site. DNAPL potentid is not a
parameter that is easly quantified, and the best estimates of DNAPL occurrence result from careful
weighing of many lines of evidence. The Ste rankings may be suitable for long-term program planning, for
targeting Stes for further study, and for establishing broad trends. A site ranking should not betaken asthe
definitive word on the occurrence of DNAPL, or if present, it'smassat any given site. For individud Sites,
there is no viable subgtitute for careful and thorough evauation of al ste data by an experienced ste
interpreter.

3.1 SiteHistory Ranking

Investigation of Ste uses over the active period of operation can yield important indirect evidence
that DNAPL s have been released. This section describes the method of andyzing Ste history information
and applies a site history ranking system to the 40 known DNAPL stes and to the 270 sitesfor which the
potential for DNAPL occurrence was to be estimated.

Method for Evaluating Site History | nfor mation

Currently, the DNAPL Fact Sheet poses three questions regarding the dte use

13
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higory:

(@) Doestheindustry (site) type suggest ahigh probatility of historical DNAPL reeese?

2 Does a process or waste practice enployed a theSte suggest ahigh proboehility of
DNAPL release?

3 Were there any DNAPL -related compounds usadingopredablequantitiesat theste?

Modifications to these questions were made in order to focus on actual knowledge of onsite use,
disposd, and release of DNAPLs throughout the Site history. The last question was expanded to include
genera typesof substances (e.g., solvents, oils, pesticides, etc.) that may have been present at the site. The
term, “ gppreciable quantities’ was defined as a least 5 drums per year. Although much smdler quantities
can eadly migrate to ground water (Poulsen and Kueper, 1991) and cause substantial dissolved-phase
contamination, quantities of fewer than five drums per year are unlikely to have been documented for most
Superfund gtes. Findly, information was gathered on known releases of DNAPL substances to the
environment, specificaly the form (non-agueous vs. dissolved in water) of these releases.

Conddering these modifications, five aspects of the Ste history must be answered in order to obtain asite
history ranking using this sysem:

@ Does the dite type suggest a high probability of higtorica
DNAPL release?

2 Did site operations include industrial processes or waste
management practices that suggest a high probability of DNAPL
release?

3 Wereany DNAPL -relatedcompoundsor substancesusedin
gppreciable quantities (>5 drums/yr) at the Ste?

4 If DNAPL-related substances were present on site, were there
known releases of them?

) If there were known releases, were the materialsreleased
primarily innonagueous form, or as components of anagueous
solution?

The method of ranking site history information is based on “yes’ answersto the above questions,
or positive indicators of DNAPL presence (contained on the survey form,

14
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Appendix A). This approach was taken because thereis no site historical information that canbe used to
entirdy rule out the possibility of DNAPL releases. Careful logs of daily Site operations and chemical
inventorieswererarely kept at Superfund sites. DNAPL compounds, particularly the chlorinated solvents,
are 0 widdy used that their presence, a least in smdl quantities, is possible a virtudly any ste.
Consequently, the direct knowledge of a DNAPL-related practice, substance, or release can be used in
establishing DNAPL probability for asite, but alack of such knowledge does not condtitute evidence that
DNAPLs were absent at the Site.

Inorder toanswer thefivesitehistory questions, listsof sitetypes, hazar dous substances,
and siteoper ationsthat areassociated with DNAPL contamination wer edeveloped. Theselists,
presented as Table 3-1, expand upon those found in the DNAPL Fact Sheet and in unpublished
work by Cherry and Feenstra (1991). Table3-1isused to determinewhether or not theanswers
tothefirst threequestionsrelated tothe sitehistory rankingare“yes’ or “no”. A sitereceives
a “yes’ answer if it falls within the categories of site types listed in section A, has handled
hazar dous substances listed in section B, or hassite operationslisted in section C. If asitedoes
not fit under one of these categoriesit receivesa“no”. The"yes’ answers are then recorded
in thefirst three columns of the Site History Ranking Assignment (Table 3-2).

Two questionsremain to beanswered in order to deter minethefinal stehistory ranking
from Table 3-2. They both refer to the form in which a release of DNAPL -related compound
occurred. The DNAPL compound may have been released in a nonaqueous form, (e.g. pure
solvent discharged to an unlined lagoon) or an aqueous form (e.g. solvent washed from a floor
with water and discharged to a dry well). If either of these conditions occurred, then a “yes’
answer isrecorded in the appropriate column in Table 3-2. Thefinal site history ranking isthen
read fromthefar right hand column. The history ranking can then be applied to the matrix table
combining the site history ranking and the ground water contamination ranking (Table 3-10).

Table 3-2 isthe “ Site History Ranking Assignment” table. It shows the possible combinations of
“yes’ answers to the five Ste history questions, and the assignment of the history ranking based upon the
answers. The dte higtory ranking ranges from 1 (low DNAPL likdlihood) to 6 (high DNAPL likelihood).
For instance, the eighth line of Table 3-2 describes a site which reports afacility type and waste disposa
practice that have ahigh probability of DNAPL release, but DNAPL -related substances were not present
in gppreciable quantities at the Site. This combination of answersis assigned arank of 2.

Table 3-1 dso lists the number of Stes that reported each of the DNAPL-related facilities,
substances, or practices for the 40 known DNAPL sites and the 270 sites for which DNAPL probability
was to be estimated. More than hdlf of the facility typesdesignated as“ DNAPL-related” arereported for
the known DNAPL sites. All of thelisted DNAPL -related substances are reported at the known DNAPL
Stes except for asphdt. Nearly 90% of the DNAPL-related Site operations are reported at the known
DNAPL stes. These data

15
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suggest that the ste history features targeted by the study for their potentia association with DNAPL
contamination do in fact characterize stes with known DNAPL contamination.

Many of the DNAPL-associated Site history characteristics are also reported at the 270 sitesfor
whichDNAPL probability must be estimated. Of the DNAPL-related Site types, eectronics and electrical
equipment manufacturing and fabricated meta production werethe most frequently reported manufacturing
activities. Other Stetypesfrequently encountered included organic chemicals production, liquid hazardous
wadte disposal, storage and transport facilities, and solvent recycling.

Solvents were by far the most pervasve DNAPL substances, and they were reported at nearly
three quarters (75%) of the sites. Metal cleaning and degreasing, solvent loading and unloading, storage
of drummed solvents, and storage of solvents in underground tanks were commonly reported indudtria
practices. Two waste disposal practices, dumping of liquid wastes onto the ground and discharge of liquids
to lagoons and surface impoundments were practiced at a mgority of the stes. Spills and lesks were
reported at nearly haf of the dtes. These findings indicate that use and disposa of DNAPLS, particularly
solvents, occurred relatively routingly at the subgroup of Superfund stesincluded in this study.

It is clear from Table 3-2 that the contralling factor in the assgnment of a higher ranking is the
reported presence of DNAPL substances on-site. Site operations and practices are given lesser weight
because they merely imply the use or disposal of DNAPL-related compounds, rather than absolutely
confirming them. Known releases of DNAPL substances, particularly in anon-aqueous form, significantly
increase the likelihood of subsurface DNAPL. All sites a whichthere was aknown release of aDNAPL
substance in nonagueous form receive the highest ranking (6).

One potentia source of biasin the esimate of DNAPL probability from site history informationis
a noted tendency for those who provided Site data to infer historica practices from Site characterization
information. For example, it would be naturd to infer ahistorical release of DNAPL substancesfor aste
at which DNAPL had been directly observed in the subsurface, even if the release was not actudly
reported. Such an inference would bias the site history evauation for the known DNAPL sitesin favor of
ahigher stehigory ranking. Thesurvey form specificaly requeststhat no site history information beinferred
from Ste invedtigations.

Resaults of Site History Evaluation

Table 3-3 showsthe number of Sitesreporting at least one of the five DNAPL indicators from site
history information. For the known DNAPL sites, 85% or more reported each of the indicators. For the
remaining 270 sites, more than 61% of the sites had at least one DNAPL-related Ste type, while nearly
three quarters of the sitesreported DNAPL -related substances ongite, indicating there are Site types other
than those targeted a which DNAPL -related substances are present in appreciable quantities. More than
90%
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reported site operations for which one would expect some use or disposal of DNAPL substances. This
finding implies that the potential number of sites usng DNAPL compounds is actudly higher than the
number reporting known chemica use. For example, a somesites, meta cleaning and degreasing may have
been a routine practice, but the solvents used may not have been documented as part of Ste activities.
Alternatively, the quantities may have been too small to report. Almost two thirds of the sites (56%0)
reported releases of DNAPL substances and chemicals, either dissolved in water, as a separate,
nonagueous phase, or in unknown form. At one third of the stes (33%), releases of DNAPLs in a
nonagueous form are known to have occurred.

Figure 3-1 presentsthe digtribution of the historica ranking for the 310 Stesof thisstudy. Thesame
ranking method was applied to the 40 known DNAPL stes and to the 270 Sites at which DNAPL
occurrencewasto be estimated. The distributions are presented separately for comparative purposes. The
digributionof ste history ranking for the known DNAPL sites represents a standard againgt which the site
eva uation techniques can be measured.

Idedlly, the known DNAPL stesshould dl recelve asite history ranking of 6, the highest DNAPL
probability. As shownin Figure 3-1a, the site history ranking for 85% of the known DNAPL stesisinfact
6. This digtribution indicates that, for 34 of the 40 known DNAPL sites, there was adocumented rel ease
of aDNAPL to the environment. However, for Six of the Sites, no rel eases were reported over the history
of dte use. One example of suchasteisadry ceaning plant where no spillsor lesks of dry cleaning fluids
were ever documented, even anecdotaly, yet subsequent Steinvestigationsrevealed aloading areadraining
to adrywell that had clearly received DNAPL releases. Other releases that occur beneath the ground
surface, such aslesks from pipelines, are dso rardly discovered in advance of Ste investigations.

Of the remaining 270 Stes there is a wider range in assigned rankings (Figure 3-1b), but the
mgority of Stesare clustered in the higher probability range. Fully 80 percent of these Sitesreceive rankings
greater than or equd to three, Sgnifying amedium to high likelihood of subsurface DNAPL. Thisfinding
confirmstheinitial expectation that the useand disposal of DNAPL compoundswas common at Superfund
stes, and that Ste practices permitted either deliberate or accidental release of these substances to the
environment. Using ste history information done, there are very few dtes a which the possibility of
subsurface DNAPL can be ruled out.

Based on the large proportion of the known DNAPL sites that received the highest Site history
ranking, we are confident that the combination of DNAPL indicatorstargeted from Site history information
isin fact highly associated with subsurface DNAPL. However, it is aso clear that a medium or low Ste
history ranking cannot be used to discount the possibility of subsurface DNAPL. For some portion of Sites,
lower rankings may instead reflect alack of knowledge of actud Ste activities.

17
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Table 3-1. Site Higtory Ranking Characterigtics and the Number of Study Sites Ftting Each Category.

A. Facility Types Sites with

Observed Remaining

DNAPLSs (40) sites (270)
General Manufacturing
Aircraft maintenance and repair 0 3
Aircraft manufacturing 0 4
Automobile and motorcycle manufacturing 0 1
Capacitors and transformers manufacturing 2 1
Electronics and el ectrica equipment manufacturing 2 39
Engine manufacturing 0 3
Fabricated metal product manufacturing 1 30
Tool and die manufacturing 0 0
Weagpons and explosives manufacturing 0 6
Waste M anagement
Liquid hazardous waste disposal 6 37
Liquid hazardous waste incineration 0 8
Liquid hazardous waste storage and transport 1 14
Liquid hazardous waste treatment 3 2
Solvent recycling 3 13
Transformer reprocessing and/or recycling 0 1
Organic Chemical Production
Cod gadification 3 0
Coking operations (stedl industry, etc) 4 2
Organic chemica manufacturing 2 10
Organic chemica packaging, distribution, and storage 0 6
Pesticide distribution, packaging, and transport 0 1
Pesticide and herbicide production 1 8
Solvent manufacturing 1 3
Solvent packaging, distribution, transport and recycling 0 1
Transformer oil production 0 0
Miscellaneous
Wood preservation 13 5
Dry cleaning plant 2 2
Fire-fighter training area 1 2
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Table3-1. Ste History Ranking Characteristics and the Number of Study Sites Fitting Each
Category. (continued)

Sites with
Observed Remaining
B. Hazardous Substances DNAPLSs (40) Sites (270)
Asphat 0 3
Capacitor and transformer debris 3 5
Cod tar 8 5
Creosote 14 5
PCB-laden waste oils 3 12
PCBs 3 12
Pesticides 2 29
Solvents, chlorinated 13 115
Solvents, undifferentiated 9 89
Transformer oil 3 1
C. SiteOperations
Industrial Practices
Electronic parts and electronics cleaning 2 A
Metal cleaning and degreasing 1 59
Metal machining 0 16
Paint and lacquer stripping 0 5
Solvent loading and unloading 5 60
Storage of drummed solvents in uncontained areas 7 60
Storage of solvents in underground tanks 4 47
Storage of solventsin above-ground tanks 3 28
Tool and die operations 1 3
Transformer salvage or recycling 1 3
Wood treatment 13 5
Waste Management Practices
Drum disposal/burid 5 78
Lagoon/liquid waste surface impoundment 22 91
Leaks from above-ground tanks 5 38
Leaks from underground tanks and pipelines 7 59
Liquid wastes discharged to septic systems 2 21
Liquid wastes dumped from tank trucks 1 24
Liquid wastes dumped onto open ground 12 112
Liquid wastes released to drains and sumps 5 33
Releases during chemica loading and unloading 11 A
Releases during fires or explosions 6 12
Soills 17 55
Underground injection wells 2 3
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Table 3-2. Site Higtory Ranking Assignments from Combinations of DNAPL Indicators.

DNAPL-Reated Known Release
Fecility Ste Hazardous Aqueous or Non-aqueous Hig
Type Operations | Substances | Unknown Form Form Ranki
ng
1
Y 1
Y 1
Y 1
Y Y 1
Y 1
Y 2
Y Y 2
Y Y 2
Y Y Y 2
Y Y 3
Y Y Y 3
Y 3
Y Y 3
Y Y 3
Y Y 3
Y Y Y 4
Y Y Y 4
Y Y Y 5
Y Y Y Y 5
Y Y Y 6
Y Y 6
Y Y Y 6
Y Y Y Y 6
20
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Table 3-3. Number of Sites Reporting DNAPL Indications from Ste History Information.

Observed

DNAPL Remaining
DNAPL Indications from Ste Higtory Information Sites (40) Sites (270)
At least one indudtrid facility associated with 34 164
the use or disposal of DNAPLs (85%) (61%)
More than 5 drums per year of DNAPL-related 36 197
compounds on Ste (90%) (73%)
At least one industrid or waste management practice 39 245
with alikelihood of DNAPL release (98%) (91%)
Known release of DNAPL compounds (dissolved in
water, as a separate phase, 37 152

Ler, & a separdle phase, (93%) (56%)

or in unknown form)
Known release of DNAPL compounds in nonagueous 34 90
form (85%) (33%)
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Ceartainty of Estimatesfrom Site History I nfor mation

Since the site history ranking system relies on positive indicators of DNAPL presence, it may not
accurately represent DNAPL probability for Sitesat which the history of Ste operationsisnot well known.
Inevauating the certainty of the site history rankings, two factors were considered: (1) the generd amount
of gte history knowledge; and (2) the rdative availability of the specific indicators targeted.

To provide some measure of the amount of Ste history knowledge, the survey form asked the site
manager or hydrogeologist to provide their opinions on the generd degree of Site history understanding.
Table 3-4 shows the number of sitesfor which the site history is consdered very well, well, generdly, or
poorly understood. At least a generd knowledge of the Ste history was available for 94% of the Sites.
Managers of the known DNAPL stesgenerdly reported agrester degree of Site history understanding than
the other Stes studied. This greater Ste history knowledge may have contributed to the fact that DNAPL
was encountered at these Sites.

Table 3-4. Redationship of Degree of Site History Understanding to Site History Ranking.
Percent || Average Site
How well understood DNAPL Remaining of 270 History
isthe gte history? Sites (40) Sites (270) Sites Ranking
(270 Sites)
Very Well 17 48 17% 5
Wl 14 121 45% 4
Generdly 9 86 32% 4
Poorly 0 15 6% 1-3

For the remaining 270 sites, Table 3-4 dso shows the average Site history ranking for the various
categories. Sitesthat are very wdl understood have a sgnificantly higher ranking, on average, than those
that are poorly understood, so thereis some potential for an underestimation of DNAPL potentid for Stes
where higorica practices are not well documented. The implication of these results is that careful
documentation and research of historica Site practices will increase both the certainty of DNAPL ste
diagnosis and the likelihood that DNAPL-related substances or practices will be discovered.

The gpecific knowledge of the individud indicators evduated has bearing on the
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certanty of the ste history evduation as wel. Some amount of research and inference was often required

to answer relatively obvious and straight-forward site history questions posed by the data collection form.

The information that was easest to extract from dte investigation reports was the facility type and a
description of the generd Site operations, two features that carry less weight in the ranking system. The
names of specific chemicasused or disposed of onstewereless commonly known than generd categories
of substances. Liquid organics were commonly reported at the Sites studied, but the form of these liquids
(agueous solutions or pure-phase compounds) was not clearly identified in Ste documents. The mechanisms
of release of organic liquidswere usualy documented, but their form upon release was not often reported,

even when known. For example, of the stes with known releases of DNAPL chemicas, 30% had no

informationon theform of therelease. Assiteinvestigators become more knowledgesbl e about techniques
of investigating potentidl DNAPL sites, documentation of the form will improve. Since the form of the

compound upon releaseisakey factor in the Ste history ranking, any improvementsin the reporting of this
particular agpect of the Site history will dso increasetherdiability of DNAPL Stediagnoss. For thisstudy,

the mgority of Stes evaluated included sufficient Site history knowledge and documentation.

3.2  Ground Water Contamination Ranking
Datafrom steinvestigations provide information on the possible routes of transport of DNAPL to
the subsurface, and can assst in evaluating thelikelihood that DNAPL hasreached the saturated zone. The

DNAPL Fact Sheet poses three questions concerning data collected during Site investigations.

@ Has DNAPL been found in monitoring wells, observed in soil
cores, or physically observed in the aquifer?

2 Do chemical analyses of ground water or soil indicate the
possible presence of DNAPL at the Site?

3 Isit likdy that the exidting field program could miss DNAPL at
the gte?

Thisstudy separated the Fact Sheet’ smethodol ogy into two parts. Firg, the potentia for subsurface
DNAPL was egtablished based on direct observations of DNAPLsand chemica anayssof ground water
(questions 1 & 2) and each Site has assigned aground water contamination ranking. The extent of the
field program (question 3) is then evaluated to provide an indication of the certainty of the ground water
contamination ranking.
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Method of Evaluating Ground Water Contamination Data

Inthis study the anaysis focused on parameters that were available at a broad spectrum of Ste
types and were of comparable quality from site to Ste. Unfortunately some data that are very useful for
esablishing DNAPL probability for individua stes could not be applied to the full range of Ste types
encountered. For example, thisstudy’ smethod of eva uating Ste contamination differsfrom thet of the Fact
Sheet inthat it did not consder chemical analyses of soils. For individua sites, properly collected soil data
can be crucid in establishing DNAPL likelihood. M ogt soils datawere from the unsaturated zone, and the
companion data necessary for evauating the significance of the concentrations, such as the soil moisture
content and fraction of organic carbon, were rardly provided. The method of collecting soil sampleswas
not uniform, and site-to-Site comparisons would not necessarily have been valid. Thus, soils datawas not
used as afactor in the ground water contamination ranking.

One indicator that does not appear in the Fact Sheet was added; the presence of temporal trends
in concentrations of DNAPL compoundsthat suggest the possibility of asubsurface, nonaqueous, source.
As sSte data were reviewed, it was determined that many Stes had removed major near-surface sources
of contamination, yet plume generation continued, and the zones of maximum dissolved-phase
contamination did not appear to move with time. At these sites, the potentia for a subsurface DNAPL
source is higher than at sites showing arapid decline in concentrations in near-source wells.

In order to address questions 1 and 2 of the Fact Sheet, this Sudy evauated site contamination
information to answer these four questions:

@ Have therebeen direct DNAPL observations in ground water
samples, monitoring wells, soil cores, or test pits?

2 Do_maximum concentrations of DNAPL-related compounds
in ground water (as a percentage of their pure-phase solubilities)
indicate the possible presence of DNAPL in ground water?

3 Do gpatial patterns of dissolved-phase contamination include
concentrations of DNAPL compounds that are inexplicably high
at depth beneath source areas?

4 Do tempor al trends in concentrations of DNAPL compoundsin
ground water indicate the possible presence of a subsurface,
NoNagueous source?

Asprevioudy noted, there are 40 sSitesat which DNAPL presenceiscertain. These Steswere used
to test the assumptions regarding the data that indirectly indicate DNAPL occurrence, by ignoring the
DNAPL find and evaluating ground water information in a
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manner comparable to the evauation of the 270 sites for which DNAPL probability must be estimated.

In andlyzing ground water data, each Ste is classfied according to the magnitude of the
concentrations of DNAPL in ground water expressed as a percentage of their pure-phase solubilities. The
maximum concentrations of compounds detected in ground water was used rather than examining the entire
body of chemica data for each dte. Based on the theoretical understanding of the distributions of
dissolved-phase contamination emanating from a Site, these maximum concentrations are most indicetive
of the presence of a nonagueous source below the water table.

For the 40 known DNAPL sites, the maximum concentrations that would have been detected if
the DNAPL had not been directly encountered were evaluated by reviewing the information on the
maximum concentrations from wells other than those in which the DNAPLs were found. This gpproach
ensured that ground water data fromthese sites would be comparable to ground water datafrom the 270
gtes a which DNAPL was to be estimated.

For a sngle-component DNAPL, the concentration of the compound in ground water that isin
equilibrium with the DNAPL should theoreticaly equa the pure-phase solubility of the compound. For
example, the concentration of dissolved TCE in ground water contactinga TCE DNAPL should be 1,000
mg/L, or 100% of TCE ssolubility. Asthe dissolved contaminant is carried away from the DNAPL source,
concentrations will reduce to lesser and lesser percentages of the compound's pure-phase solubility.
Factors that produce dissolved-phase concentrations that are significantly lower than the pure-phase
solubility, even in samples obtained quite near a single-component DNAPL source, are summarized in
Table 3-5. It is clear from thistable that the concentrations observed will depend greetly on individud Ste
conditions and investigation techniques.

As noted by Cherry and Feenstra (1991), Site conditions are so variable that it is not possible to
accurately prescribe the dissolved chemical concentration that reflectsthe presence of subsurface DNAPL.
However, computer model ling has shown that, in ahypotheticd aguifer of horizontaly layered sasndswith
atetrachloroethylene (PCE) DNAPL source, ground water samplestaken from wells 50 m down gradient
from the source will yield dissolved concentrations of only 0.1% to 5% of PCE's solubility (Anderson et
a., 1991). Case studies of known DNAPL sites also point to the remarkably low concentrationsthat can
be observed in routine monitoring prior to a DNAPL encounter (Kueper and McWhorter, 1991). The
concentrations that are now generaly accepted by the research community as indicating subsurface
DNAPL across a wide range of sSite types are on the order of 1% or more of a compound's solubility
(Cherry and Feenstra 1991, EPA Fact Sheet, Cohen and Mercer, 1993).

As a reference point for understanding the magnitude of concentrations represented by various
percentage solubilities, Table 3-6 lists these two parameters for four DNAPLS:
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Table 3-5. Summary of factors that contribute to less-than-saturation concentrations of DNAPL
compounds in ground weter at Sites with asingle-component DNAPL sour ce.

Factor Explanation

DNAPL will be heterogeneoudy distributed over verticd intervals
Borehole Dilution tapped by monitoring wells. The 10-50 foot well screenstypicd of the
Superfund program are likely to draw water from both DNAPL -
contaminated and relatively uncontaminated Strata or fracture systems.
The sample obtained from such awell would be diluted reletive to that of
awd| screened over ashorter interva tapping a DNAPL zone.

Regardless of the screened interval, wells equidistant from a DNAPL
Widl Placement source in the downgradient flow direction can have widdy varying
dissolved concentrations depending on whether they are tapping the
trangport route of dissolved contaminants emanating from DNAPL pools
or resdud. The DNAPL zones can dso be very smdl relive to the
gpacing of wells. These conditions especidly hold true in fractured rock
systems and in very heterogeneous overburden.

Ground Water Excessve purging can dilute water samples. Some known DNAPL stes
Sample Collection have reported that higher dissolved concentrations are obtained when
Method kemmerer bottles or bottom-loading bailers are used to extract water

from the base of wells than when standard sampling techniques are used.

Dissolved contaminants emanating from a DNAPL source will be subject
Dispersion to digpersion, particularly in the direction of ground water flow. Their
concentrations will reduce with time and with distance from the DNAPL
source.

Dissolution of contaminants from the DNAPL may occur too dowly in

DNAPL relation to diffuson or advection of the dissolved phase avay from the
Disolution DNAPL-water interface to attain the theoretical dissolved concentration
kinetics expected under equilibrium conditions. This factor would especidly hold
true in settings with naturdly high ground water velocities or near
pumping wells
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TCE, TCA, PCE, and methylene chloride. For example, 1% of the pure-phase solubility isamuch lower
concentration for the least soluble compound, PCE, than for the other three. Table 3-6 aso shows the
number of Stesin the study reporting each of the contamination levels.

For a multi-component DNAPL , the solubilities of each of the congtituents in ground water will
generdly be depressed in proportion to the mole fraction of the compound in the DNAPL. These
depressed solubilitiesare called effective solubilities. For example, inaDNAPL composed of half TCE
and haf PCE, the effective solubility of TCE will be 500 mg/L (half of TCE's pure-phase solubility of 1,000
mg/L) and the effective solubility of PCE will be 75 mg/L (haf of PCE s pure-phase solubility of 150 mg/L).
Ground water directly in contact with a multi-component DNAPL, then, could contain dissolved
concentrations that are 100% of the effective solubilities of its congtituents, but lesser percentages of the
pure-phase solubilities.
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Table3-6. Concentrations of Tetrachloroethylene, Trichloroethane, Trichloroethylene, and Methylene Chloride expressed as percentages
of their pure-phase solubilities, and the number of Superfund Sitesin this study (out of 310) reporting each level of contamination.

Tetrachloroethylene 1,1,1 Trichloroethane Trichloroethylene Methylene Chloride
Percent of (PCE) (TCA) (TCE) (Dichloromethane)
Fure - Phase L # sites* L # sites* L # sites* L # Sites*
Solubility ug/l St ug/l St ug/l gt ug/ St
100% 150,000 950,000 1,000,000 13,200,000
50% 75,000 9 475,000 2 500,000 9 6,600,000 0
10% 15,000 23 95,000 13 100,000 29 1,320,000 1
3% 4,500 41 28,500 25 30,000 49 396,000 3
1% 1,500 52 9,500 39 10,000 78 132,000 11
0.1% 150 89 950 78 1,000 131 13,200 28
0.01% 15 120 95 101 100 165 1,320 47

* Number of sites reporting this concentration or higher.
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All of the factorsthat contribute to lowering these saturation concentrationsin actual ground water
samplesfor asingle-component DNAPL (Table 3-5) aso apply to multi-component DNAPLs. Additiona
factors that affect ground water concentrations for multi-component DNAPLsarelisted in Table 3-7. For
individud steswith severd DNAPL compounds present at high concentrationsin ground water, the most
suitable method for evaluating Ste data is to calculate effective solubilities and then express contaminant
concentrations as a percentage of these solubilities. The contaminant concentrations that are generdly
accepted to beindicative of multi-source DNAPLsare 1% or more of the compound'’ s effective solubility.
In some cases gpproximations of the effective solubilities of compounds can be back-calculated from
ground water concentration data obtained from a single sample with high hits of DNAPL chemicds
(Feenstra, 1990).

Table 3-7. Summay of factors that contribute to lessthan-saturation concentrations of
dissolved-phase chemicals emanating from amulti-component DNAPL source, in
addition to those listed in Table 3-5.

Factor Explanation
Initia The agueous solubility of each DNAPL constituent will be depressed in
DNAPL : . o

" proportion to its mole fraction in the DNAPL.
Compostion
DNAPL Over time, a greater mass of the more soluble constituents of the DNAPL will
Weathering dissolve into the ground water, leaving behind a DNAPL composed of alesser

and lesser proportion of the most soluble constituent. These changesin DNAPL
composition will lower the solubilities of the soluble DNAPL congtituents, and the
ground water concentrations will reflect these changes.

In this study, a broader representation of Site conditions was sought, and therefore the maximum
concentrations of contaminants Ste-wide and over the entire period of investigation rather than
concentrating on asngle sample from a sngle well was collected. The Ste anaytical data therefore often
(adthough not exclusively) come from many locations, and many different sample events. By taking this
approach, we have accounted for the likelihood of heterogeneoudy distributed sources and sample
locations at individud stes (to the extent possible given the congraints of thisstudy). Thisapproach renders
the data unsuitable for the back-ca culation of effective solubilities. Instead, all concentration data
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are expressed as a percentage of the pure-phase soluhbilities of the compounds.

Multi-component DNAPL sources were accommodated by considering the three DNAPL
compounds found at the highest concentrations in ground water, rather than considering only the highest
contaminant concentration. Three compounds were chosen to keep the method smple and applicable to
the grestest number of Stes.

The system for assigning ground water rankingsisoutlined in Table 3-8. Note that aste with only
one DNAPL compound at 1% of its pure phase solubility is classfied with alower probability of subsurface
DNAPL than a site with three DNAPL compounds at 1% of their solubilities. Thisis because one would
expect lower contaminant concentrations at Sites with DNAPL sources containing three compounds than
at steswith DNAPL sources containing one compound.

Applying the methodology used in this study for developing a ground water contaminant
ranking is straight forward. Effective solubilities are not calculated for this method, one smply
calculates the maximum per cent solubilities for the three DNAPL compounds present at the
highest concentration in the dissolved phase and then appliesthat infor mation to the Contaminant
Ranking Assignment (Table 3-8). The numerical ranking is then read from the far left-hand
column. The contaminant ranking can then be applied to the matrix table combining the site
higory ranking and theground water contaminant ranking (Table 3-10) for obtaining the overall
likelihood of DNAPL presence at a site.

31

Word-searchable Version — Not a true copy



Table 3-8. Contaminant Ranking Assignment, ranking of Sites based on maximum percentage
solubilities of DNAPL Compounds.

Ranking by
Magnitude of Likelihood of
Ground Water Maximum Percentage Solubilities for DNAPL-related Subsurface
Contamination Compounds in Ground Water DNAPL
1 No DNAPL compounds or Low
One DNAPL compound at < 0.1% or
Two at < 0.03% or
Three at < 0.01%
One DNAPL compound at 0.1% to 1% or
2 Two at 0.03% to 0.1% Low
Three a 0.01% to 0.03%
One DNAPL compound at 1% to 3% or
3 Two at 0.3% to 1% or Medium

Three 0.01% to 0.3%

One DNAPL compound at 3% to 10% or
4 Two at 1% to 3% solubility or High
Three at 0.3 to 1% solubility

One DNAPL compound at 10% to 50% or
5 Two at 3% to 15% solubility or High
Three at 1% to 5% solubility

6 One DNAPL Compound at > 50% or Very High
Two at > 25% or
Three at > 15%
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To egtablish the final ground water contamination ranking, direct DNAPL observations in the
unsaturated zone were noted and DNAPL-related spatial patterns and tempora trends in ground water
contaminationwere examined. It was assumed that Steswith DNAPL observationsin the unsaturated zone
have a higher likelihood of subsurface DNAPL than sites without direct observations, so these Stes are
rased by one point in the classfication system.

In the ranking system, spatial patterns and tempora trends in ground-water contamination are
considered sgnificant only if DNAPL-rdated compounds are among the mgor contaminants & the Ste.
A steisconsdered to have mgor DNAPL-reated compounds contamination if the ground water ranking
(Table 3-8) istwo or greater. At such sites, half apoint is added to the Sit€' s ground-water contamination
ranking if high concentrations of DNAPL compounds found at depth benesth source areas cannot be
adequately explained by dissolved-phase transport.

“Sgnificant” tempord trends are defined as sharp decreasesin concentrationsfor 3 or moreyears,
dight increases for 5 or more years, sharp increases for 3 or more years, and steady concentrationsfor 5
or more years. If any of the last three conditions hold true, half a point is added to the ranking. The
observation of sharp decreasesin concentrations over time leads to a half point decrease in the ranking.

Intotal, these adjustments do not change the ranking of asite by more than one point, and they are
most important for Stes with a ground water contaminant ranking of two and three, where the
concentrations are not high enough to place aste definitively in a“high” category. The lesser reliance on
gpatid patterns and tempora trendsto establish Steranking in part reflects the difficulty ininterpreting data
from dte investigations that were not specifically designed to characterize these aspects of ste
contamination.

Resaults of Ground Water Contamination Evaluation

As with the dite higtory information, this section separatdly examines the various indicators that
factor into the ground water contamination ranking and then presents the composite ranking in barchart
form. To give agenerd feding for the mgor DNAPL-related contaminants observed in ground water at
sgnificant concentrations, Figure 3-2 showsthe distribution of the DNAPL -related compounds found most
frequently at the maximum concentrations in ground water. The three most prevaent contaminants, TCE,
PCE, and 1,1, 1 TCA, aredl chlorinated hydrocarbonsthat are used ubiquitoudy asindustrial solvents. At
the subgroup of Superfund Stes evaluated in this sudy, use of chlorinated solvents and Site operations
associated with their use were commonly reported. In termsof the compounds found in ground water, then,
the data match the expectations from dte history information.
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Figure 3-2.
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The key ground water contamination indicators used to establish DNAPL probability were the
three maximum concentrations of DNAPL compounds as a percentage of their pure phase solubilities.
Figure 3-3 showstheresults of applying the ranking system outlined in Table 3-8 to the 40 known DNAPL
gtes and to the 270 stes at which DNAPL probability must be estimated.

Most of the known DNAPL sites received the three highest ground water contamination ranking.
For these dites, the system would have predicted ahigh likelihood of subsurface DNAPL prior tothe actua
identification of DNAPL at the Ste. However, some of the known DNAPL stes receive lower rankings.
At this latter group of Stes, Ste monitoring outside of the DNAPL find did not detect the expected high
concentrations of DNAPL compounds in ground water. This result emphasizes the fact thet the ability to
establishDNAPL likelihood based on ground water dataislimited by the scope of field investigations. One
group of DNAPL dtes, the four that received a ranking of 1, are somewhat aypica in that they are dl
creosote/cod tar Sites at which DNAPL wasfound so exly intheinvestigation that dl efforts were amed
at locating and characterizing the free phase and very few ground water samples were taken.

Of the 270 sitesat which DNAPL has not been directly observed, 60% received aranking of three
or greater, Sgnifying a medium to very high likelihood of subsurface DNAPL. Sites in this group with
rankings of 5 or 6 can be considered very likely candidatesfor subsurface DNAPL. The status of siteswith
rankings of 2, 3, and 4 isless clear, and for these Sites, the other indicators such as spatia and temporal
patterns of dissolved-phase contamination, can help to estimate DNAPL presence.
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for the 270 stes a which DNAPL probability must be estimated (see Table 3-8 for key

to classes).

Figure 3-3.
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3.3 Composite Site Ranking

Once the site higtory ranking and ground water contamination ranking was established, these two
rankings were combined into asingle estimate of DNAPL probability. For purposes of thisstudy, thereare
four categories, defined in Table 3-9. This section outlines the method of combining the rankings and
discusses the results of the composite site ranking.

Table 3-9. Definitions of the Four Composite Rankings.

DEFINITE | DNAPL directly encountered below the water table in soil cores and/or ground
water samples.

HIGH DNAPL strongly suspected based on ground water data and Site history
information. Proceed with Ste investigation and remediation plans assuming
subsurface DNAPL sourceis present.

MEDIUM Information from dte history and ground water investigation indicate moderate
potentid for subsurface DNAPL. Important to gather additiond Ste information
regarding possible DNAPL presence. Best to proceed asif SteisaDNAPL ste
until further investigations indicate otherwise.

LOW Based on available site history and ground water information, DNAPL sources are
unlikely. DNAPL potentid a some Sitesin this category may be underestimated due
to lack of information. Modify expectationsif further investigation show evidence of
DNAPL sources.

Combining the Site History and Ground Water Rankings

The 40 known DNAPL dtes receive a composite ranking of DEFINITE. For the 270 Sites at
which DNAPL probability must be estimated, a matrix was developed (Table 3-10) for assigning a high,
medium, or low potentia for subsurface DNAPL based on the independent rankings each Site received
from the Site History Ranking and the Ground Water Contamination Ranking. Figure 3-4 shows the
digtribution of the Ste history and
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ground water contamination rankings for the 270 Stes. Based on Site history information aone, most sites
have amediumto high potential for DNAPL occurrence. The history ranking system hasatendency to rank
gtes a the high end of the scale. Based on ground water deta, there is awider range in the potential for
subsurface DNAPL. The ground water contamination ranking system has a tendency to rank sites a the
lower end of the scale. This could, in part, be due to the limited amount of ground water characterization
data available for agte.

Incombining the two ranking factors, the grestest emphasi swas placed on information carrying the
greatest certainty. Both ranking systems were based on positive indicators of DNAPL occurrence, so the
higher rankings carry greater certainty than the lower rankings. For sites receiving a high ranking based on
ground water data but a low ranking based on site history information, the ground water data prevails
because it more accurately reflects the status of contamination in ground water. For the opposite case, a
high site higtory ranking and alow ground water contamination ranking, the site history information carries
more weight, particularly when the extent of Site characterization is low. For stes with a low ranking on
both counts, there is some potentid that alack of site knowledge is contributing to the low rankings, but
alow match in the rankings can add to the reliability of Ste information for well characterized sites.

Inorder to apply the combined ranking system to asiteone must first deter minethe site
history ranking from Table 3-2 and theground water contaminant ranking from Table 3-8. Using

Table 3-10, locate the intersection point of the site history ranking and the ground water
contamination ranking. Refer to Table 3-9 for the explanation of the combined ranking.
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ﬁlt:t Ground Water Contam. Rank
Rank| © 5 4 3 2 1
6 Hi | Hi Hi | Med | Med | Med
) Hi Hi Hi Med | Med | LO
4 Hi Hi | Med | Med | LO Lo
3 Hi Hi | Med | Med Lo Lo
2 Hi Hi | Med | Med | LO Lo
1 Hi Hi | Med | Med | LO Lo
Table3-10.  Mairix for combining the site history ranking and ground water contamination rankings at

stesfor which the potential for DNAPL occurrence must be estimated.
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Results of Composite Ranking

Figure 3-5 shows the results of gpplying the combined ranking system to the 270 sites for which

we are estimating the potential for DNAPL occurrence. Sixty five (65%) percent received amedium to high
ranking, while 35% have a low potential for DNAPL occurrence. Table 3-9 provides an explanation of

the implications of these rankings.
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3.4  Effect of Hydrogeological Setting on DNAPL Occurrence

Transport of DNAPL inthe subsurface has been shown to be very sengtive to the geologica media
through which it passes (Poulsen and Kueper, 1992). Site geology hasthe potentid to affect many aspects
of DNAPL contamination, including the likdihood that DNAPL will reach the saturated zone, the ultimate
depthof DNAPL transport, the extent of laterd spreading of the DNAPL zone, thelikelihood that DNAPL
poolswill form, and the spatia distribution of the dissolved-phase plume emanating from aDNAPL source.
These factorsin turn affect the ease of Ste characterization for DNAPLs and the overdl potentid for Site
remediation.

Hydrogeological Categories

Geologicd information was collected as part of this sudy so tha the reationship of the
hydrogeologica setting of sitesto the likelihood of subsurface DNAPL could be assessed. For example,
a thick unsaturated zone could offer some protection against migration of the nonagueous phase to the
water table. As agarting point in the andys's, each Site was assgned a hydrogeological setting category
according to those defined by Heath (1984). Table 3-11 names and describes the twelve broadly defined
hydrogeologica regionsin the United States.

The mgority of Superfund Stesarelocated in Six settings: the Northeast and Superior Uplands, the
Glaciated Centra Region, the Non-Glaciated Central Region, the Piedmont-Blue Ridge Region, the
Atlantic and Gulf Coagtd Plain, and the Western Alluvid Basins. All of these settings share the common
characterigtic of aflat to gently rolling topography. In addition, most U.S. population centers are located
in these six hydrogeologica regions. The Non-glaciated Centra and Piedmont regions have poor ground
water yields, while the remaining four have relatively abundant ground weter resources. Regions such as
the Western Mountain Ranges and Columbiaand Colorado Plateaus are more rugged and |ess popul ated,
and contain far fewer industries and hazardous waste Sites, and were not considered in this study.

Eachof the 310 siteseva uated was assigned a hydrogeol ogical setting category based on detailed
geologicd information. In collecting data on the hydrogeol ogy, concentration was focused on the geologica
character of depositsdirectly beneeth source areas, so the category would reflect the nature of the materia
through which a DNAPL might have passed. Figure 3-6 shows the distribution of the Stes sudied
according to hydrogeologica setting.

Fgure 3-7 showstheresults of the Site history ranking and ground water contamination ranking as
they relate to Stes located in the various hydrogeologic regions. These results indicate that no single
hydrogeologic setting has a significantly greater likelihood of subsurface DNAPL than another.
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Table3-11. Descriptions of the Hydrogeological Settings for Sites studied, Heath (1984).

Hydrogeologica Setting Description

for Sites Studied

Western Alluvial Basins Thick dluvid (locdly glacid) depositsin basins and valeys
bordered by mountains

Non-glaciated Central Thin regolith over fractured sedimentary rocks

Region

Glaciated Central Region Thick glacid deposits over fractured sedimentary rocks

Piedmont and Blue Ridge Thick regolith over fractured crystdline and metamorphosed

Region sedimentary rocks
Northeast and Superior Thick glacia deposits over fractured crystaline rocks
Uplands
Atlantic and Gulf Coastal Complex interbedded sands, slts, and clays
Plain
Notes: Superfund Stesare generdly concentrated in the Sx highlighted regions Hedlth' s cutoff for

“thick” vs“thin” depogtsis5 meters
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44

Word-searchable Version — Not a true copy



Site History Rank

WALB

AGCP

’ -4
AN R=
NN M
PN AN
R N AT AT By
— e
PN A A N NN NN
AN &
PN AN NN NE ]
LR AT L YA R T Y
PN NN NN NN R L]
SAAYASA YA TATA I
PPN AN A NN
YA R A RN A NN RN
S N L YR L L Y L T L W A R
PPN N A A A R N N AN NN
R R e e N N N N N @]
PN N N AN NN NN >
R g N N A Y Y YA
PN A A N RN N AN NN RY)
N S T . O T . Y

CSENEEYCYEYE YA YR VA TR A Y

PN N N N R AR NN =]
P N N N N N N Y LY
PN NN NN NN NN NNNE B
LN N N N N A U Y N Y =
PV AP A A N NN N NN
INESCSENESERIRINERENENERENE I A
FRAV WY AN I I AN S B B A i
r y v T
- L 1] -t (2] (] L]

yuey ISTH 338y

Hydrogeological Setting

Ground Water Contamination Rank

WALB

T A A N IR S A
LYWL N L N L T A A
AP A A A N N A LR
LU R U S W U N W T TR
A A N AN RIS
LR YA YA A A T N T T Y
PN N R AR

B nadenaitemd s beman

AGCP

L
~ LT TA T
~ LA TATATAY
s, 7

IIIIII\III}.
4 , L
7

R T T T . T T

PMBR

GLCR NGCR

NESU

51

Juey A\ 95eIAY

I Setting

Hydrogeologica

Results of the Site History and Ground Water Contamination Ranks as Related

to Hydrogeologoic Setting

Figure 3-7.

45

Word-searchable Version — Not a true copy



3.5 Redationship of Site Useto DNAPL Occurrence

The former use of a Superfund Site has bearing on the ability to predict DNAPL contamination as
well as on the likelihood of DNAPL occurrence. Site use a so affectsthe nature of the Site contamination,
the remedid options, and the degree of difficulty of dte remediation. To explore the association between
ste use and DNAPL occurrence, Site uses were divided into nine mgjor categories.

e Organic Chemica Production
e Generd Manufacturing

e Industrial Waste Management
e Combination Landfill

e Federd Facility

e Wood Treatment

e Inorganic Chemica Production
e Metd Industry/Mining

e Miscellaneous

Figure 3-8 showsthe site use distribution for the 310 sites evaluated, and the specific Site uses associated
with these categories arelisted in Table 3-12. The proportion of siteswith direct observations of DNAPL
below the water table are shown in adarker shade. The site useswhere DNAPL observations were most
commonly reported are wood treaters, organic chemica producers, and industrid waste managers.

Figure 3-9 shows the average Site history rankings and ground water contamination rankings for
each Ste use. Wood treatment operations received high marks for both rankings, partly due to the large
percentage of known DNAPL dgtes in this group of dtes. After wood treatment, organic chemica
producers, industrid waste Stes, and genera manufacturing Stes have the highest observed percentage
solubilities and number of known DNAPL stes, and thus the highest ground-water rankings. In summary,
the stefindingsindicate that some Ste useswill have agreater likdihood of subsurface DNAPL thet others.
Those with the highest probability are: wood treatment Sites, organic chemica production stes, generd
manufacturing Sites, and industria waste disposdl Stes.

46

Word-searchable Version — Not a true copy



807
a1 771 270 Sites
7 [] 40 DNAPL sites
.
, 60 27
2 /?
© ’ 5
ZHE) /g 7
s 7 4/5 /
.
5 ’1/ ; /
i -] ’f/ﬁ /1
= v
= ) / / O
z ?/5 7
20 5 / 5 Gt
/ 124 l/ .
Org Man IndW LF Fed Wood Inorg Met
Site Use
KEY:

ORG - organic chemicd production. MAN - generd manufecturing: INDW - indudtrid waste
management: LF - combination landfill: FED - federd facility: INORG - inorganic chemica production:
MET - metalsindustry/mining: OTH - miscelaneous

Figure3-8.  Steusedigribution for the 310 Sites.
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Table3-12. Mgjor Categories of Site Uses.

Organic Chemical Production

Asphalt production or digtribution plant

Cod gadfication facility

Cod mining

Coking operations (sted industry)

Oil and gas mining

Oil gtorage (fud ail, etc)

Organic chemica manufacturing

Organic chemicd packaging, digtribution and storage
Paint and dye production

Pegticide distribution, packaging, and transport
Pesticides and herbicide production

Petroleum refining and related industries
Pharmaceuticad manufacturing

Resin and glue manufacturing

Solvent manufacturing

Solvent packaging distribution, transport and recycling
Synthetic fiber production

Transformer oil production

General Manufacturing

Agricultura equipment manufacturing

Air craft manufacturing

Air craft maintenance and repair

Automobile and motorcyde manufacturing
Automobile body repair or paint shop

Battery manufacturing

Capacitors and transformers manufacturing
Ceramics manufacturing

Construction company

Electronics and eectricd equipment manufacturing
Engine manufacturing

Engine repair

Fabricated metal product manufacturing

Food manufacturing, packaging, and distribution
Lumber and wood products manufacturing
Other manufacturing

Paper and dlied products manufacturing
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Table3-12. Magor Categories of Site Uses (continued)

General Manufacturing (continued)
Pastics manufacturing

Printing or publishing fadlity

Rubber products manufacturing
Tannery

Textilemill

Textile printing and processing

Tool and die manufacturing

Wesgpons and explogves manufacturing
Weapons maintenance and repair

|ndustrial Waste M anagement

Drum reconditioning fadility

Indudtrid landfill

Liquid industria/hazardous waste disposd
Liquid indugtria hazardous waste incinerator
Liquid indugtrid hazardous waste storage and transport
Liquid indugtrid hazardous waste trestment
Midnight dumping

Petroleum-rel ated waste disposal

Solvent recycling

Transformer reprocessing and/or recycling
Wadgte oil processing, storage, transport

L andfill
Combination municipa and indudtrid landfill

Other Waste Facilities

Municipd landfill

Publicly owned sewage treatment works
Recyclers of solid waste

Septic services

Solid wadte incineration facility

Tire digposd facility

Wadte storage and transfer facility
Waste transportation
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Table 3-12. Mgor Categories of Site Uses (continued)

Federal Facilities
Department of Energy facility
Military Base

Wood Treatment
Wood preservation plant

| norganic Chemical Production

Asbestos manufacturing

Chemica manufacturing (unspecified)

Chemica mixing and batching (unspecified)

Fertilizer manufacturing

Inorganic chemicd manufacturing

Inorganic chemica packaging, distribution, and storage
I norganic waste processing

Nor-metdlic minerd mining

Metal Industry/ Mining
Battery recycling
Electroplating facility
Metasmining

Metd recycling

Oremill

Primary metasindustry
Salvage/scrap yard

Miscellaneous

Airport

Dry deaning plant

Fre-fighter training area

Nuclear power plant, radiation lab, etc

Power plants (non-nuclear) and associated facilities
Railroad yard and rall car maintenance facility

Research laboratory, agricultura sation, or smilar facility
Unknown
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3.6  SteContaminant Type and DNAPL Occurrence

The hazardous substances that have been used, stored, or disposed of a Superfund sites vary
widdy intheir compositionsand physical and chemica properties. In eva uating the potentid for subsurface
contamination by DNAPLS, it is useful to group sites with Smilar contaminants. Based on the Ste types
encountered during this study, and on DNAPL site groupings suggested by Cherry and Feengtra (1991),
eght categories of contaminant types were established for which one would expect digtinctive types of
subsurface contamination.

inorganic chemicas

light petroleum products

chlorinated solvents

mixed indugtrid solvents

creosote

coal tar

PCB oil/solvent

other organic compounds (including pesticides)

==2=2=2=222 2

Site history information (type of chemicas used or stored at the Site over its history of operation)
and gte characterization information (key ground water contaminants) were used to assign contaminant type
categories. Thefirg two categories have arelatively low DNAPL likdihood. The remaining Sx Stetypes
al have asgnificant potentid for subsurface contamination by DNAPL chemicas. Figure 3-10 showsthe
digribution of ste contaminant types for the 310 Sites of this study.

Inorganic Chemical Sites

Inorganic dement Stesare those a which no organic contamination of ground weater hasbeen found
and for which the key ste usesare thought to have generated only inorganic chemicas. This study included
two Stes that indicated minor organic contamination in soils, but in genera these were excluded.
Light Petroleum Product Sites

Light petroleum product Sites are those at which the only hazardous substances used on Stewere
lighter than water, and for which little or no DNAPL -related compounds have been found in ground water.
One example of a Superfund dite usein this category was a rubber manufacturing plant, which had other
DNAPL compounds present.
Chlorinated Solvent Sites

These are Stes a which the main contaminants are chlorinated solvents. Product
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or waste streams, or ground water contamination compaosed entirely of one or more of these compounds
place a stein the chlorinated solvents category. Ninety-eight Stes, or nearly athird of the Stes received

this desgnation.

Since solvent use is common among a wide range of industries, there are numerous Site uses
associated with this Site contaminant category. Figure 3-11 shows the sSite use digtribution of the 98
chlorinated solvent sites evauated. Table 3-13 ligts the frequency of detection of chlorinated solvents a
greater than 0.01% of solubility at these Sites.
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Site Use Category

ORG - organic chemica production: MAN - genera manufacturing: INDW - industria waste management:
LF - combination landfill: FED - federd facility: INORG - inorganic chemicd production: MET - metds
indugtry/mining: OTH - miscellaneous

Figure 3-11. Site Use Didtribution for the 98 Chlorinated Solvent Sites.
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Table3-13.  Compounds reported at > =0.01% solubility in ground water at the ninety-eight
chlorinated solvent Stes.

Form and color of No. of % Sites

Compound Pure Product Sites

Carbon Tetrachloride Colorlessliquid 2 2
Chlorobenzene Colorlessliquid 4 4
Chloroform Clear liquid 1 1
Dichlorobenzene, 1,2- Colorlessliquid 5 5
Dichloroethane, 1,1- Colorlessaily liquid 14 14
Dichloroethane, 1,2- Colorlessaily liquid 5 5
Dichloroethylene, 1,1- Colorlessliquid 30 31
Dichloroethylene, cis 1,2- Colorlessliquid 9 9
Dichloroethylene, trans 1,2- Colorlessliquid 31 31
Methylene Chloride Colorlessliquid 11 11
Tetrachloroethylene Colorlessliquid 42 43
Trichloroethaneg, 1,1,1- Colorlessliquid 40 41
Trichloroethane, 1,1,2- Colorlessliquid 5 5
Trichlorethylene Clear or blueliquid 76 78
Trichlorofluoromethane, 1,1,2 Colorlessliquid 1 1

Mixed Industrial Solvent Sites

Theseare stesat which agreat range of DNAPL compounds have been used, stored, or disposed
of, but site contaminants are generdly dominated by a few chlorinated solvents. They may aso contain
BTEX compounds, pesticides, and poly-nuclear aromatics, and phenols. One hundred fifty-five stesinthis
study received this designation. Figure 3-12 shows the distribution of site uses associated with mixed
solvent Stes. In generd, indudtrial waste management sites and landfills receive the widest range in waste
materials and account for the greatest number of these Sites.

Table 3-14 shows the main chemicals observed at the 155 mixed industrial solvent Stesand thelr
frequency of detection at >0.01% of solubility. The compounds seen most frequently were the
monoaromatic hydrocarbons and chlorinated solvents.
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Figure3-12. Siteusedistribution for the 155 sitesin the mixed industrial solvents category.

Refer to Figure 3-11 for key.
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Table 3-14. Main Compounds reported a >0.01% Solubility in Ground Water at Mixed Industria

Solvent Sites.
Compound # dtes % dtes
Light Petroleum Products:
Benzene 60 39
Ethylbenzene 80 52
Syrene 7 5
Toluene 105 68
Xylenes 78 51
Chlorinated Solvents:
Carbon Tetrachloride 7 5
Chlorobenzene 31 20
Chloroethane 12 8
Chloroform 13 8
1,2 Dichlorobenzene 18 12
1,4 Dichlorobenzene 18 12
1,1 Dichloroethane 40 26
1,2 Dichloroethane 21 14
1,1 Dichloroethylene 33 21
cis-1,2 Dichloroethylene 10 6
trans-1,2 Dichloroethylene 61 39
Methylene Chloride 34 22
1,1,2,2 Tetrachl oroethane 6 4
Tetrachloroethylene 73 47
1,1,1 Trichloroethane 59 38
1,1,2 Trichloroethane 8 5
Trichloroethylene 82 53
Trichlorofluoromethane 4 3
Vinyl Chloride 52 34
Pegticides:
1,2 Dichloropropane 8 5
Ethylene Dibromide 3 2
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Table 3-14. Main Compoundsreported at >0.01% Soluhbility in Ground Water at Mixed Industria Solvent

Sites (continued).
Compound # dtes % dtes
Poly Nuclear Aromatics and Phenols.
Acenapthene 6 4
Benzo(a)anthracene 5 3
Chrysene 5 3
Dimethylphenol, 2,4- 6 4
FHuoranthene 5 3
Fluorene 6 4
Methyl ngphthaene, 2- 11 7
Naphthalene 28 18
Pentachlorophenol 4 3
Phenanthrene 6 4
Phenal 3 2
Pyrene 8 5
Other:
Acetone 3 2
Benzoic acid 4 3
Dibenzofuran 1 1
Isophorne 4 3
Methyl Ethyl Ketone 20 13
Methyl Isobutyl Ketone 17 11
Tetrahydrofuran 2 1

Creosote/Coal Tar Sites

Creosote gtes are a rdativey smdl and distinctive group in the Superfund program. They are
related to only two Site uses: wood preservation, and creosote production. Of the 15 sitesin this category,
10 have had direct observations of creosote DNAPL in the saturated zone, and six reported LNAPLS
floating onthe water table. Contaminantstypically found in ground water at creosoteStesarelised intable
3-15.

Coal tar gtes are generaly associated with coal gasification or cod tar production operations.

Contaminants typicaly found in ground water a cod tar Stesare listed in table 3-16. Creosote and coal
tar Stes should be considered as definite DNAPL Sites.
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Table 3-15. Compounds Found at > 0.01% Solubility in Ground Water at Creosote Sites

Compound # dtes % dtes
Benzene 3 20
Ethylebenzene 5 33
Toluene 5 33
Xylenes 6 40
Acenapthene 12 80
Anthracene 6 40
Benzo(a)anthracene 1 7
Benzo(a)pyrene 1 7
Benzo(b)fluoranthene 3 20
Chrysene 7 47
0-cresol 1 7
p-cresol 2 13
Dibenzo(ah)anthracene 1 53
Dibenzofuran 3 20
Dimethylphenol, 2,4- 2 13
FHuoranthene 8 53
Fluorene 11 73
2-Methyl Napthalene 9 60
Napthalene 12 80
Pentachlorophenol 9 60
Phenanthrene 12 80
Phenal 1 7
Pyrene 9 60
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Table 3-16. Compounds Found at > 0.01% Solubility in Ground Water at Coa Tar Sites

Compound # dtes % dtes
Benzene 6 75
Ethylbenzene 5 63
Styrene 3 38
Toluene 5 63
Xylenes 5 63
Acenapthene 5 63
Anthracene 3 38
Chrysene 3 38
Dimethylphenal, 2,4- 3 38
Huoranthene 4 50
Fluorene 4 50
2-Methyl Napthalene 5 63
Napthalene 5 63
Phenanthrene 3 38

PCB/Solvent Sites

PCB contamination usualy encompassesaclassof chlorinated compoundsthat includes up to 209
variations or congeners with different physical and chemica characteristics. They were commonly used as
mixtures called Aroclors. The most common are Aroclor-1254, Aroclor-1260, and Aroclor 1242. PCBs
aone are not usualy mohile. However, they are often found with oils, which may carry the PCBs as a
Separate phase. PCBs are most commonly associated with e ectrica transformer manufacturing, svage,
and recycling Site uses. Table 3-17 shows the DNAPL compounds found at PCB dtesin this study.

Relationship Between Contaminant Typeto the Likelihood of Subsurface DNAPL

Figure 3-13 shows the relationship of contaminant type to the likelihood of DNAPL presence for
the dte history ranking and ground water contamination ranking. The results of this study indicate that
certain contaminant types can be directly associated with a medium to high probability of subsurface

DNAPLSs. Thosethat continuoudy received ahigh ranking include creosote, cod tar, and PCBs. However,
these Sites tend to represent a
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amdl proportion of Superfund Sites, are easly linked to specific Ste usesand tend to have ardatively small
impact in terms of volume of subsurface contamination (when compared to the solvent Sites).

I naddition, the chlorinated solvent and mixed solvent Sitesthat represent the mgority of Superfund
gtes, are associated with awide range of Ste uses, and cover the entire range of likelihood of subsurface
DNAPL. However, current research indicates that they have ardatively large impact in terms of volume
of subsurface contamination.

Conclusions

Figure 3-14 shows the extrapolation of the results of this study to current universe of Sites on the
NPL. Approximately 60% of NPL dSites either have, or could be expected to have a medium to high
potentia of having DNAPL s present, providing asource of ground water contamination in the subsurface.
The remainder of stes could be expected to fal within the category of “low to unlikely.” This means that
the potential for subsurface DNAPL should be considered at the magjority of Superfund sites. Site
characterization efforts should focus on determining the potential of DNAPL presence early in the Ste
investigation process.

In order to extrapolate the results to the entire universe of NPL sites, four categories of site
conditions were established (listed below). Ground water contamination information for each NPL stewas
evauated and each sSite was assigned to one of the four categories. The sources of ground water
contaminant information included the NPL Site Characterization Database, the NPL Summary Booklets,
RPMs, remedid investigation reports, and other site documents. For the five regions that were visited for
this sudy, dl ste contaminant information was verified. Thegtesin theremaining fiveregionswere assgned
to a category based on the information obtained from the sources just mentioned. The results were as
follows

observation of DNAPLs below the water table (5%)

organic contaminants in ground water, but no DNAPL observation (80%)
only inorganic contaminants in ground water (10%)

no contaminants in ground water (5%)

==2=2 2

At the top of the spectrum are 5% of sites for which DNAPL contamination has been established
with certainty. At the bottom of the spectrum, the 10% of Sites with inorganics only and the 5% with no
ground water contamination, are those at which DNAPL s can be ruled out. The remaining 80% are those
at which no DNAPL has been observed, but organic contaminants are present in the dissolved phase and
thus, have some potentia for DNAPL contamination.
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The 270 siteswhich wereranked viathe methods discussed in this study were drawn from the pool
of NPL steswith organicsin the ground water. They make up alittle over 25% of that group. This subset
of 270 steswas representative of the distribution of Ste use types of the overdl 80% of the Stesexhibiting
organic contamination. Therefore, Snce the digtributions were the same, a high degree of confidence is
placed on the direct extrapol ation of the proportions from the subset of 270 Stesto the Steswith organics
present in ground water. Thefina percentages of stesfdling within the high, medium, and low probabilities
were caculated by adding those stes with DNAPLS observed, only inorganics present, and no ground
water contamination back into the set of dl dtes. Therefore, the percentage of Sitesin the high, medium,
or low categories are lower for the set of al NPL stes that for the subset of Stes. Theresultsof thisstudy
suggest thet it is important for any future refinements of policies for investigating and addressing
contaminated ground water at Superfund Sites to consider carefully the likely presence of DNAPLS.

The dte historica information ranking system corrdated well with the information from the Sites
known to have DNAPLSs present. The historica information focused on site use, past disposal practices
and release of DNAPL compounds throughout the period of Site operation. This type of information can
yield important direct and indirect evidence that DNAPL have been released. However, the lack of such
information does not congtitute evidence that DNAPL were gbsent a aSte.

The ground water contaminant ranking system (expressed asaper cent of maximum solubility) aso
correlated wel with information from the stes known to have DNAPLS present. The presence of a
DNAPL compound in ground water is one of the best indirect indicators of the likelihood of DNAPL
presence. The presence of dissolved-phase DNAPL in ground water does not confirm the presence of a
pure-phase DNAPL source in the subsurface. However, the concentrations that are now generaly
accepted by the research community as indicating a high likelihood of a subsurface source of DNAPL,
across awide range of dtetypes, are on the order of 1% or more of a compound'’ s solubility.

The analysis of hydrogeologic setting on DNAPL occurrence indicated that there was no
identifiable hydrogeologic setting that had a greater likelihood of exhibiting subsurface DNAPL than
another. In addition, dissolved-phase DNAPL contamination was just as likely to be present in aquifers
with a deep vadose zone as those with a shallow water table.

The relaionship of site use to DNAPL occurrence was evauated in order to determineif certain
dteuses(dtetypes) exhibited agrester likelihood for subsurface DNAPL than others. Theresultsindicated
that indeed, certain Site types continuoudy ranked as having a high likelihood of DNAPLs present. Those
with the highest likelihood of having DNAPLs include: wood-tregting Sites, generd manufacturing Sites,
organic chemica productions Stes, and indudtrid waste landfills.

The relationship between site contaminants and DNAPL occurrence was evauated

62

Word-searchable Version — Not a true copy



in order to determine if there were certain suites of compounds present a concentration levelsabovether
theoretical maximum solubilities that would exhibit a higher likelihood of subsurface DNAPLsthan a Stes
where that Stuation does not exist. The results correlate well with the types of DNAPL compounds
associated with specific dte types. The contaminants most directly associated with DNAPL presence
included: creosote compounds, cod tar compounds, Polychlorinated Biphenyls (PCBs), chlorinated
solvents, and mixed solvents. However, even though creosote, cod tar, and PCB steswere easily linked
with specific Ste uses, and have ardétively high likelihood of subsurface DNAPL, they represent only a
very smdl proportion of theuniverse of NPL stes. The mgority of NPL sitesexhibit chlorinated and mixed
solvent contaminants present in ground water. These sites are more difficult to assess because they are
associated with awide range of uses.

The results of this study aso suggest that the emphasis of future research efforts for ground water
remediation, emphasis should be placed on chlorinated sol vents and mixed solvents Sites, asthese represent

the mgority of sites having DNAPL -related compounds present as a separate phase and as a source of
dissolved-phase ground water contamination.
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Compound found in ground water at PCB/Solvent Stes

Color and Form of Pure Number Percent
Compound Product at Room of Sites of Sites
Temperature
Benzene 2 18
Ethylbenzene 3 27
Toluene 4 36
Xylenes 3 27
Dichlorobenzene, 1,2- Colorlessliquid 2 18
Dichlorobenzene, 1,3 Colorlessliquid 3 27
Dichlorobenzene, 1,4 White volatile crystals 3 27
Trichlorobenzene, 1,2,3 Platelets 3 27
Trichlorobenzene, 1,2,4- Colorlessliquid 5 45
Trichlorobenzene, 1,3,5- Crystas 1 9
PCB 1242 Clear, colorless all 2 18
PCB 1248 Colorless all 1 9
PCB 1254 Light yellow viscous liquid 5 45
PCB 1260 Yellow soft sticky resin 6 55
PCBs (total) Ydlowish aily liquid 3 27
Tetrachloroethylene 3 27
Trichloroethylene 5 45
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DNAPL SITE ASSESSMENT STUDY

*rkxkxkxkr Please use blue or red ink when filling out this form -- thank youl *******xx

Site name:

EPA ID: State:

Site RPM:

RPM telephone number:

Y our name, position, and
telephone number
(if not RPM)

For how many years have you been
involved with this Ste?

At what gate in the Superfund processisthisste

(RI'in progress, RD, RA, etc.), especidly with respect
to ground water contamination?

Doesthis ste have organic chemicd contamination?

Yes Maybe No Unknown
Sites without organic chemical contamingtion:
Does the ste have groundwater contamination
with inorganic chemicals? Yes Maybe  No Unknown

Pleasefill out only section 1.A.
of thisform (pg. 1).

Sites with known or possible organic chemica contamination:

Specificdly, is ground water &t the Ste
contaminated with organic chemicals? Yes Maybe  No Unknown

Pleas= fill out the rest of this form.
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DNAPL SITE ASSESSMENT STUDY
REGION 9

Organization of the Data Collection Form

1 SiteHistory

SteUse

Hazardous Substances and Chemicds

Releases of Hazardous Substances and Chemicas
Additiond Comments

Cow>

2. Sitelnvestigation

Observation of Subsurface NAPLSs
Contamination of Ground Water
Extent of Fidd Investigation
Additiond Comments

oOow»

3. Background Site Information
(This section to be filled out by project hydrogeol ogist)

A. Geologic and Hydrogeologic Setting
B. Plume Information

4. Referencesand Final Comments
A. Reference Documents

B. Respondent Opinion on Possibility of DNAPLS
C. Comments on Survey

Word-searchable Version — Not a true copy

15
16

17
19

20
21
22



1. SiteHistory Section

1.A. SiteUse

If the activity associated with the contamination at this Steis
completely unknown, please check here and proceed to Section 2
(Site Investigation Section, p. 7).

What were the mgjor uses of this Ste? Please record the key site activity(ies) (e.g. combination
municipa and indugtrid landfill, computer chip manufacturing, wood preservation, solvent recycling)
and the period during which the activity occurred (i.e.1952 - 1975), to the best of your knowledge.

Activity Period
(years)
Start Stop
Isthis dte a multi-source Site (that is, does it have a
number of distinct source facilities, such as an industrid
park, or isit avery large facility with multiple source
aress, such asamilitary base)? Yes No Unknown

If yes, you may choose to answer the questions on this form with respect to only one or a few source
areasthat are most likely to have DNAPL on (for instance, areas with chlorinated solvent disposal). See
the project hydrogeologist for more explanation.

Please add any comments you would like to make on historica Site uses.

HISTCMT1
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2

1.B. Hazardous Substances and Chemicals

Please circle the abbreviationsfor those substances which areknown to have been used, produced, stored,
or disposed of at the Site in Sgnificant quantities (> 5 drumslyear). The substances and chemicals listed
below arerdlated to NAPL sto varying degrees (those marked witha“*” arestrongly related to DNAPLS).

AUFL Automoative fluids (transmission, brake, etc.)

BTRY Batteries and/or associated wastes

CPTF * Capacitor and/or transformer debris (PCB-related)
CTAR * Cod tar

CREO * Creosote

CUTO Cutting ails

FOIL Fud oils
GASO Gasoline
ISEW Industrid sawage

KERO Kerosene

LABC Laboratory chemicals and/or wastes

OCHM Organic chemicds (besides PCBs and solvents)
OCWS * Organic chemica waste drums and/or containers
PNTS Paints, lacquers and/or pigments

PCBO * PCB-ladenails

TPCB * PCBs

PCP *  Pentachlorophenol

PEST * Pedticidesand/or herbicides

PRPL Propdlants, jet fue
Solvents:

SOLC * Chlorinated

SOLN Non-chlorinated

SOLV * Undifferentiated

STBM Still and/or tank bottoms

TRNF * Transformer ail
UMOL Usad motor ol
WOIL Waste ails

Please list any other hazardous substances or chemicals that are known to have been used, produced,
stored, or disposed of in Sgnificant quantities a the Ste. If you list chemicds, please indicate only those
chemicas for which records or other knowledge of historical Site use exit, not chemicalswhose higtorical
presence isinferred from their current presence as Ste contaminants:

OTHERSUBST
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1.C. Reeases of Hazar dous Substances and Chemicals

This section documents the potential mechanismsfor release of hazardous chemicas and substances a the
gte.

1.C.1 Industria Practices

Please circlethe abbreviationsfor any industrial practiceswhich have occurred at thisste. These practices
typicaly use DNAPL chemicas and have amoderate to high probability of historicdl DNAPL release.

ELCL Electricd parts and eectronics cleaning
FFTA Hrefighter training

MTCL Meta cleaning and degreasing

MTMC Metd machining

PTST Paint and lacquer stripping (of furniture, etc.)
SAST Storage of solventsin aboveground tanks

SUST Storage of solventsin underground storage tanks
SDRM Storage of drummed solventsin uncontained aress
SLUL Solvent loading and unloading

TLDI Tool-and-die operations

TRNF Transformer bregking or recycling
WDPR Wood trestment

Please list below any other industrid practices which may have used DNAPL s (chlorinated solvents, cod
tar, creosote, PCB-laden oils) and possibly caused their release at this Site:

OTHERINDP
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1.C.2. Waste Disposdl Practices and Unintentional Releases

Please circlethe abbreviationsfor those waste disposa practicesand unintentiona releaseswhich occurred
a this gte. The practices which indicate a high probability of DNAPL release (assuming DNAPL
substances were present on-site) are marked with a“*”.

Waste Disposal Practices

DRUM * Drum disposd/burid

LAGO * Lagoorvliquid waste surface impoundment

LWIN Liquid waste incineration

LWSW Liquid wastes discharged to surface water bodies

LWSS Liquid (non-sanitary) wastes discharged to septic system or dry well
LWOG * Liquid wastes dumped onto open ground or into unlined trenches
LWTT * Liquid wastes dumped from tank trucks

LWDS Liquid wastes released from drains and sumps

SLDG Non-sewage s udge disposa

SWIN Solid waste incineration

SWLF Solid wadte landfill

SWSW Solid waste discharged to surface water bodies

UGIW *  Underground injection well

*

Unintentional Releases

LAST L eaks from aboveground tanks

LDRM Leaks from drum storage areas

LUTP * Leaksfrom underground tanks and pipeines
CLUL Releases during chemicd loading and unloading
EXFR Releases during explosons or fires

SPIL  * Salls

Please list below any other means by which hazardous substances and chemicas were released to the
environment & the Ste:

OTHERWASTP
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1.C.3. Known Releases of DNAPL Rdated Substances

Specificaly, were there known releases to the environment,
such as spills, leaks, or disposd, of the DNAPL-related
substances or chemicals present at the Site? Yes Maybe No

No DNAPL substances present

If DNAPL-rdated substances or chemicals

were released, were they released primarily

as a separate non-agueous phase or

dissolved in water? Sep. phase  Dissolved  Both Unknown

No known releases

RELCMT

Cond dering the substances and chemicad s present, please estimate the total volume of or ganic chemicals
released to the environment at this site, to the best of your knowledge. (Record arange, if necessary).

Units  gdlons drums

Roughly, what is the uncertainty associated with this answer?

Low Medium High Vey High

Check hereif the volume released cannot be estimated:

Word-searchable Version — Not a true copy



6

1.D. Additional comments

In your opinion, how well understood is the Ste history Very Well
of this Ste, especidly concerning the activities wdl
and substances that caused contamination? Generdly

Poorly

Please discuss below any additiond information about Site history that may be relevant to the probability
of DNAPL occurrence;

HISTCMT2
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2. Sitelnvestigation Section
2.A. Observation of Subsurface Non-aqueous Phase Liquids (NAPLS)

Inthis section, we are specificdly interested in observations of separate organic liquids in the subsurface.
Subsequent sections will address the dissolved phase.

Was the possible presence of subsurface NAPLS
investigated directly during any Ste investigations? Yes No Unknown

Specificaly, was the possible presence of DNAPLS
investigated? Yes No Unknown

If yes, what techniques were used to look for DNAPLS?

LOOKCMT

Were any non-agueous phase liquids (NAPLS)

observed in the subsurface at this Ste? Yes Maybe No
(if you are uncertain, check boring logs

for observations of aily liquids)

If yes, what was their nature? Lighter than water (LNAPL)
Denser than water (DNAPL)
Unknown

If aNAPL was observed, had it
reached the water table? Yes Maybe No

If NAPLSs have been or may have been observed, please describe how they were encountered (in atest
pit, soil boring, ground water sample, etc.). Also note whether the NAPLs were found within contained
waste zones (for example, within alined lagoon or landfill, or outside the boundaries of waste aress. Please
be as specific as possble.

NAPLENC
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If NAPLs have not been observed or only LNAPL s have been observed, please proceed to Section 2.B.

(Contamination of ground water, p. 9). If _known or suspected DNAPL s were observed at thisSte, please
fill out the questions on this page:

Where were DNAPL s observed with respect to

the water table? Above Bdow Both Unclear
In which materia was DNAPL observed? Unconsolidated materia
(Cirdedl that apply) Bedrock
Ground Water
Surface Water

Whét is the maximum depth below ground surface
at which DNAPLs have been observed? (feet)

If the DNAPL was analyzed, please describe its composition below or attach a copy of the analytica
results. (We are interested in a sample of the free-phase DNAPL itsdlf, not an associated ground-water
sample).

Chemicdl % inDNAPL

If measured, what was the dengity
of the DNAPL mixture? (g/cn)

How much, if any, DNAPL has been removed
from the subsurface? (Please include units))

If you have any additiona comments on the DNAPL observation (e.g. what wasits color and texture?),
please record them below:

DNAPLCMT
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2.B. Contamination of Ground Water

This section records indirect indicators of DNAPL presence using levels and patterns of dissolved-phase
ground-water contamination.

2.B.1 Sources of Ground Water Contamination

Please circle the abbreviations for the main sources for ground water contamination at the Ste. Those
sources most associated with DNAPL contamination (assuming that DNAPL substances were present
on-gte) are marked withan “*”.

AGST
LWOG
BDRM
DRSP
DRMS
IPRA
FFTA
LAGO
LWIN
LULA
SSYS
SWLF
SOLU
SPIL
UGIW
UGST

Aboveground tanks

Areg(s) of liquid waste dumping
Buried drums

Drains and/or sumps

Drum storage areas

Industrial processing aress
Frefighter training area
Lagoong/trenches for liquid waste disposa
Liquid waste incinerator

Loading and unloading areas
Septic systems

Solid wadte landfill

Solvent use area

Soill area

Underground injection well
Underground tanks and pipelines

Other mgjor sources of ground water contamination:

OTHSOURC

Please edtimate the horizontal area of the source(s) at the site. (Record arange, if necessary. Record the

origind source area if the source has since been removed.):

Check hereif the source area cannot be estimated:

What isthe typica depth to ground
water at the ste (feet)?

Word-searchable Version — Not a true copy
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10

2.B.2 Major Ground Water Contaminants

Please list the compoundsthat you consider to be the mgor ground water contaminants at the site. Include
inorganic chemicasif these are driving the Ste investigation.

Are organic chemicas present in bedrock at
concentrations grester than MCLS? Yes Maybe No Unknown

2.B.3. Maximum Contaminant Concentrations

Please use the following table (Table 1: Maximum Contaminant Concentrations) to record the maximum
concentrations of organic chemicals found in ground water a this Ste. The table includes the organic
contaminants most commonly found at Superfund Sites and gives their densities and water solubilities, as
ligted in the Subsurface Remediation Guidance Table 3 (EPA/540/2-90/011b).

N We want to define the maximum ground-water concentrations observed over theentire Ste history,
not just in the latest sampling rounds, so pleasetry to provide those to the best of your knowledge.

N Unless the Site has sgnificant semi-volatile contamination in the ground water (as a creosote or
cod tar dtes), you may confine your answers to the volatile organic compounds.

N If there are mgjor organic Ste contaminants which are not listed on the table, please include them
on thelines a the bottom of the table.

Theoreticaly, ground water in direct contact with DNAPL should exhibit concentrations of the DNAPL
chemicds that equd the chemicds effective solubilities (i.e, if the DNAPL contains 50% TCE, the
ground-water concentration should be 500 mg/l which is50% of TCE' s solubility limit). However, dueto
sampling procedures and heterogenous DNAPL digtribution in the subsurface, the maximum observed
concentrations of DNAPL-forming chemicaseven at Stesat which DNAPLs have been directly observed
are often much lower thanthechemicas' effective solubilities. Depending on Site conditions, concentrations
aslow asafew percent of achemicd’s solubility can represent an indication of subsurface DNAPL.
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Table 1: Maximum Concentration Table
See Section 2.B.3. for ingructions in filling out this table. Chemicals marked with a“*” have dengties
greater than water and will behave as DNAPLs in the subsurface if present as a nonaqueous liquid.

Density Water Sol. Max. GW
Chemical (g/cmd) (ppb) (ppb)
Volatiles
Benzene 0.877 1,780,000 BENZ
2-Butanone
(Methyl ethyl ketone) 0.805 268,000,000 MEK
*  Carbon Tetrachloride
(Tetrachloromethane) 1.595 800,000 CTET
*  Chlorobenzene 1.106 490,000 CLBzZ
Chloroethane
(Ethyl Chloride) 0.941 5,700,000 CLEA
*  Chloroform
(Trichloromethane) 1.485 8,220,000 CLFM
*  1,1-Dichloroethane 1.175 5,500,000 1DCA
*  1,2-Dichloroethane 1.253 8,690,000 2DCA
*  1,1-Dichloroethylene 1.214 400,000 1DCE
*  Cis-1,2-Dichloroethylene 1.284 3,500,000 c2bC
*  Trans-1,2-Dichloroethylene 1.257 6,300,000 T2DC
*  Total-1,2-Dichloroethylenet 1.27 9,800,000 2DCE
*  1,2-Dichloropropane 1.158 2,700,000 2DCP
Ethyl Benzene 0.867 152,000 EBNZ
*  Ethylene Dibromide
(1,1-Dibromoethylene) 2172 3,400,000 EDB
4-Methyl-2-Pentanone
(Methyl isobutyl ketone) 0.802 19,000,000 MIBK
*  Methylene Chloride
(Dichloromethane) 1.325 13,200,000 MTCL
Styrene (Vinyl Benzene) 0.906 300,000 STYR

Density: Density, g/c?, generally at 20E C.

Water sol.: Solubility in water, generally at 20E C.

Max. GW: Maximum concentration of chemical observed in ground water at site, reported in ug/l or ppb.

! The densities and solubilities for these total s vary depending upon the exact mix of constituents.

Note: To calculate the percentage of aqueous solubility for acompound, divide the maximum concentration (Max. GW) by chemical’ s solubility in water (Water
sol.) and multiply by 100.
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Table 1: Maximum Concentration Table (cont.)

Density Water Sol. Max. GW
Chemical (g/cmd) (ppb) (ppb)
Volatiles (cont.)
*  1,1,2,2-Tetrachloroethane 1.600 2,900,000 PCA
*  Tetrachloroethylene 1.625 150,000 PCE
Tetrahydrofuran 0.889 300,000,000 THF
Toluene 0.867 515,000 TOLU
*  1,1,1-Trichloroethane 1.325 950,000 1TCA
*  1,1,2-Trichloroethane 1.444 4,500,000 2TCA
*  Trichloroethylene 1.462 1,000,000 TCE
Vinyl Chloride
(Chloroethylene) 0.912 1,100,000 VNCL
Xylenes (total)* 0.87 568,000 TXYL
Semi-Volatiles
Aroclor 1242 1.385 450 pPC42
Aroclor 1254 1.538 12 PC54
Aroclor 1260 1.440 3 PC60
Acenaphthene 1.225 3,900 ACNP
Anthracene 1.250 75 ATHR
Benzo(a)anthracene 1174 14 BATR
Bis-(2-ethylhexyl)phthal ate 0.981 400 BEHP
Chrysene 1.274 6 CRYS
0-Cresol (2-Methylphenol) 1.027 31,000,000 OCRS
p-Cresol (4-Methylphenol) 1.035 24,000,000 PCRS
m-Cresol (3-Methylphenol) 1.038 23,500,000 MCRS
Total cresols
(Methylphenols)*
1.03 78,500,000 TCRS

1 The densities and solubilities for these total s vary depending upon the exact mix of constituents.
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Table 1: Maximum Concentration Table (cont.)

Density Water Sol. Max. GW
Chemical (g/cmd) (ppb) (ppb)
Semi-Volatiles (cont.)
1,2-Dichlorobenzene 1.306 100,000 2DCB
1-4,Dichlorobenzene 1.248 80,000 4DCB
2,4-Dimethylphenol 1.036 6,200,000 4ADMP
2,4-Dinitrophenol 1.680 6,000,000 4ADNP
Fluoranthene 1.252 265 FLRA
Fluorene 1.203 1,900 FLRE
2-Methyl Naphthalene 1.006 25,400 2MNP
Naphthalene 1.162 31,000 NAPH
Pentachl orophenol 1.980 14,000 PCP
Phenol 1.058 84,000,000 PHNL
Phenanthrene 0.980 1,180 PHNT
Pyrene 1.271 148 PYRN
1,2,4 Trichlorobenzene 1574 30,000 124T

Other site contaminants:

Please add any comments you would like to make on the information in this table.

MAXCONTTBL

In what geologic unit were the maximum
concentrations found? Unconsolidated material

Bedrock
Unclear
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2.B.4. Patterns of Ground Water Contamination

Because the movement of DNAPLSs is driven primarily by gravity and capillary forces, DNAPLS may
migrate into unexpected areas in the subsurface, such as the deeper portions of aguifers, below aquitards,
or areas which are hydrologicaly upgradient or across-gradient. This behavior gives rise to patterns of
ground-water contamination which differ from those generated by completely dissolved-phase
contamination. Subsurface DNAPL will aso act as a long-term source of dissolved contamination, so
concentrations of DNAPL chemicasin the most contaminated monitoring wellsarelikely to remain steedy
or increase over long time periods. Erratic concentration data, both spatial and tempora, are a so expected
at DNAPL gtes.

Spatial patterns:
Are ground-water concentrations of DNAPL-

related organic contaminants expectiondly high a
depth below any source areas? Yes Maybe No Unknown

If yes or maybe, can these high concentrations be
explained by ground-water flow patternsin these
locations, such as downward vertica gradients? Yes Partidly No

Temporal patterns.

In genera, how have the concentrations of DNAPL-related ground water contaminants in the most
contaminated wells changed over time a the site?

Increased sharply ( >1 order of magnitude)

Increased dightly ( <1 order of magnitude)

Remained steady (no consistent increase or decrease)
Decreased dight ( <1 order of magnitude)

Decreased sharply ( >1 order of magnitude)

Insufficient datato observe pattern

On how long a period of yearsisthis observation based?

In how many of these years were samples andyzed?
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If you would like to explain any of your answersfurther or mention other interesting contamination patterns
a the gte, please do so below. We are particularly interested in any ground water contaminant patterns
that are not easily explained by dissolved-phase transport. In addition, note any soils data that may be
indicative of subsurface DNAPL. Please see the DNAPL project hydrogeologist if you would like
assgtance in interpreting soil or ground water contamination patterns at your site.

CONTCMT

2.C. Extent of Field Investigation

2.C.1. Sampling activities

Approximately how many ground-water monitoring points (wells,
well-points, etc.) are associated with the Site?

(Please count each sampling point separately. For example, nested
monitoring wells whose screens are located at three discrete depths
count as 3 points. Please do not include nearby residentia wells.)

Approximatley how many pairs, nests or clugters of wells
ingaled at multiple depths exist a the Ste?

Please etimate the number of ground-water samples that were andyzed for the mgor Site contaminants

over dl stages of dteinvestigation and circle the gppropriate range. (Please do not include samplesfrom
resdentid wells)

None 161-10 11-25 2650 51-75 76-100 101-150 151-200 >200

Is there a pump-and-treat system for ground-water
clean-up operating a the Ste? Yes No

If yes, how long has the system been in operation?
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2.C.3. Site Invedtigation Summary

In your opinion, how well understood are the following aspects of the Ste?
(please use the key as agenerd guide to answer this question)

Key:
Very Wdl No further information necessary for RD/RA.
widl A good generd understanding, but questions
remain in pecific areas
Generdly Some understanding, but substantial
characterization effort still needed
Poorly Only prdiminary information available
Contaminant Sour ces: Very Well wdl Generdly Poorly
Site Hydrogeology: Very Well wdl Generdly Poorly
Ground Water Contamination: Very Well wdl Generdly Poorly

2.D. Additional comments

Pease describe any additiona information from Site investigations that may be relevant to the probability
of DNAPL occurrence (for example, do pump and treat results match expectations?):

CHARCMT
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3. Background Site Information

This section is designed to hep us understand the site and how DNAPL S might behave in the Site setting.
The project hydrogeol ogistswill be extracting information from documentation that you supply. Please copy
the following information from Site investigation reports and attach to your completed survey form:

Check here if you have atached this information, or write NA if the information is not available for your
gte

SiteMap

Geologica Cross Section of Site

Description of Site Geology (such asfrom RI)
Plume Map and Craoss Section (if available)

A wDd PR

**xxx%% TO BE FILLED OUT BY DNAPL PROJECT HYDROGEOL OGI ST S*#****kxkkk
3.A. Geologic and Hydrogeologic Setting

Wewould likeagenerd understanding of the geologic and hydrogeol ogic setting of the Ste. The movement
of DNAPLsin the subsurface is very senstive to geologic heterogeneity and will tend to flow along areas
of increased permeshility and downward through fractures. In addition, the question of whether DNAPLs
will reach ground water is influenced by both the thickness and compostion of the unsaturated zone.

Typica depth to bedrock
at the site (feet): Min.: Max.:

Geologic description

Unconsolidated sediments:

Were some or dl of the unconsolidated sediments

or soils depogited by glaciers or glacial-related

water bodies? All Some None Unknown
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Pl ease describe the composition and texture (such as silt, sand with clay layers, etc.) of the unconsolidated
materids. If roughly horizonta layers exist, please describe them from top to bottom. Include an estimate
of the thickness of each layer, if possible.

UNCONSOL

Bedrock:
Please indicate the bedrock types which comprise the upper 150 feet of bedrock below the site (check all
that apply). If necessary, explain your choices or add any additiona information on the lines below.

S Sedimentary M Metamorphic I Igneous
CONG  Conglomerate NICE Gness GRNT Granite
LIME Limestone- QTZT  Quartzte BSLT Baddt

dolomite SHST  Schig
SAND  Sandgtone SLAT  Yae
SILT Sitstone MRBL Mable
SHAL Shde
Other:

BEDROCK

Does water move in the bedrock primarily through pore spaces,
through fractures, or through solution channels?

Pore Spaces  Fractures  Solution channds ~ Unknown

Isthe dtelocated in karst terrain? Yes No Possible, but unknown
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3.B. Plumeinformation

Has a ground-water plume been mapped at the Site? Yes No

If yes, please describe the dimensions of the plume below.

Estimated length of plume (ft):
Estimated average width of plume (ft):
Edtimated average thickness of plume (ft):

Boundary used to define plume:
Chemical (or TVOC):

Concentration (ppb):

Please indicate the gpproximate
date of thisinformation

If the volume or mass of contaminantsin plume
has been calculated, please record that
amount here (including units).

Comments on information in sections A. and B.

BKGDCMT

*** END OF SECTION TO BE FILLED OUT BY PROJECT HYDROGEOLOGISTS* * *
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4. Referencesand Final Comments
4.A. Reference Documents

Which documents do you recommend that we consult if we want to find more information concerning Site
history and ground-water contamination at this Ste? (Which do you refer to most often?) If you use the
standard Superfund documents listed bel ow, please check those that you use and indicate their datesand
authors (typicdly conaulting firms). If you use other documents, please describe them on the blank lines
below:

HRS Scoring Package Date:
Remedid Investigation/Feasibility Study:

Title

Date Author:

Additiona or Supplementa Remedid Investigation:
Title

Date Author:

Record(s) of Decision Date(s):

DOCUMENTS
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4.B. Respondent opinion on possibility of DNAPL s

Based ontheinformation that you have provided hereaswell asyour broader knowledge of site conditions,
what is your estimate of the probability of DNAPLSs & this Ste?

Definite
High
Medium
Low

Please explain your estimate briefly:

OPNEXPL

While the exact measures to be taken in the case of possible DNAPL contamination vary from siteto Site,
we recommend that at the least, the impact of potentidly present DNAPLs be consdered when planning
further Ste investigations and remedid actions. The Quick Reference Fact Sheet on DNAPLSs contains a
ligt of theimplications for Steinvestigationsiif thereis a moderate to high probability of DNAPLS.
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4.C. Commentson Survey

For our information, how many hours did you
gpend filling out thisform?

This survey will dso be conducted in other regions. We would appreciate any suggested improvementsor
comments that you would like to make about this form:

SURVCMT

Please note bel ow any particular information concerning DNAPL sthat would be hel pful to youinyour job
or particular topics concerning DNAPL s that you think deserve more research:

DNAPLINFO
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United States R.S. Kerr Office of Solid Waste Publication: 9355.4-07FS
Environmental Environmental and Emergency December 1991
Protection Agency Research Laboratory Response

SEPA Estimating Potential for
Occurrence of DNAPL
at Superfund Sites

Hazardous Site Control Division (OS-220W) Quick Reference Fact Sheet

GOALS

The presence of Dense Non-Aqueous Phase Liquids (DNAPL) in soils and aquifers can control the ultimate success or failure of
remediation at a hazardous waste site. Because of the complex nature of DNAPL transport and fate, however, DNAPL may often be
undetected by direct methods, |eading to incompl ete site assessments and inadequate remedial designs. Sites affected by DNAPL may
require adifferent “paradigm,” or conceptual framework, to develop effective characterization and remedial actions (2).

To help site personnel determine if DNAPL-based characterization strategies should be employed at a particular site, a guide for
estimating the potential for DNAPL occurrence was devel oped. The approach, described in this fact sheet, requires application of two
types of existing siteinformation:

» Historical Site Use Information * SiteCharacterization Data

By using available data, site decision makers can enter asystem of two flowcharts and a classification matrix for estimating the potential
for DNAPL occurrence at asite. If the potential for DNAPL occurrence islow, then conventional site assessment and remedial actions
may be sufficient. If the potential for DNAPL ismoderate or high, however, adifferent conceptual approach may berequired to account
for problems associated with DNAPL in the subsurface.

BACKGROUND

DNAPLs are separate-phase hydrocarbon liquidsthat are denser than water, such as chlorinated solvents (either asasingle component
or as mixtures of solvents), wood preservative wastes, coal tar wastes, and pesticides. Until recently, standard operating practicein a
variety of industries resulted in the release of large quantities of DNAPL to the subsurface. Most DNAPLSs undergo only limited
degradation in the subsurface, and persist for long periods while slowly releasing soluble organic constituentsto groundwater through
dissolution. Even with amoderate DNAPL release, dissolution may continue for hundreds of years or longer under natural conditions
before all the DNAPL is dissipated and concentrations of soluble organicsin groundwater return to background levels.

DNAPL existsin the soil/aquifer matrix as free-phase DNAPL and residual DNAPL. When released at the surface, free-phase DNAPL
moves downward through the soil matrix under the force of gravity or laterally along the surface of sloping fine-grained stratigraphic
units. Asthe free-phase DNAPL moves, blobs or gangliaaretrapped in poresand/or fractures by capillary forces (7). The amount of the
trapped DNAPL, known as residual saturation, is a function of the physical properties of the DNAPL and the hydrogeologic
characteristics of the soil/aquifer medium and typically ranges from 5% to 50% of total pore volume. At many sites, however, DNAPL
migrates preferentially through small-scal efracturesand heterogeneitiesin the soil, permitting the DNAPL to penetrate much deeper than
would be predicted from application of typical residual saturation values (16).

Oncein the subsurface, it is difficult or impossible to recover all of the trapped residual DNAPL. The conventional aguifer remediation
approach, groundwater pump-and-treat, usually removes only a small fraction of trapped residual DNAPL (21, 26). Although many
DNAPL removal technologies are currently being tested, to date there have been no field demonstrations where sufficient DNAPL has
been successfully recovered from the subsurface to return the aquifer to drinking water quality. The DNAPL that remainstrapped inthe
soil/aquifer matrix acts as acontinuing source of dissolved contaminantsto groundwater, preventing the restoration of DNAPL -affected
aquifersfor many years.
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DNAPL TRANSPORT AND FATE - CONCEPTUAL MODELS

The major factors controlling DNAPL migration in the subsurface include the following (5):

» the volume of DNAPL released;

« theareaof infiltration at the DNAPL entry point to the subsurface;

 theduration of the release;

« properties of the DNAPL, such as density, viscosity, and interfacial tension;

* properties of the soil/aquifer media, such as pore size and permeability;

« general stratigraphy, such asthe location and topography of low-permeability units;

» micro-stratigraphic features, such asroot holes, small fractures, and slickensides found in silt and/or clay layers.

To describe the general transport and fate properties of DNAPL in the subsurface, a series of conceptual models (24) are presented

in thefollowing figures.

Case 1: DNAPL Releaseto Vadose Zone Only

After release on the surface, DNAPL moves vertically downward
under the force of gravity and soil capillarity. Because only a small
amount of DNAPL was released, all of the mobile DNAPL is
eventualy trapped in pores and fractures in the unsaturated zone.
Infiltration through the DNAPL zone dissolves some of the soluble
organic constituents in the DNAPL, carrying organics to the water
table and forming a dissolved organic plumein the aquifer. Migration
of gaseous vapors can aso act as a source of dissolved organics to
groundwater (16).

Residual
Saturation of
DNAPL in Vadose

e

infiltration, Leaching and
Mobile DNAPL Vapors

DNAPL Gaseous
Vapors

-
Groundwater
Flow

Dissolved Contaminant
Plume From DNAPL
Dissolved Contaminant Residual Saturation

Piume From DNAPL Soil Vapor

After Waterioo Centre for Groundwater Research, 1689 '

Case 2: DNAPL Releaseto Unsaturated and Saturated Zones

If enough DNAPL is released at the surface, it can migrate all the way
through the unsaturated zone and reach a water-bearing unit. Because
the specific gravity of DNAPL is greater than water, it continues
downward until the mobile DNAPL is exhausted and is trapped as a
residua hydrocarbon in the porous media. Groundwater flowing past
the trapped residual DNAPL dissolves soluble components of the
DNAPL, forming a dissolved plume downgradient of the DNAPL
zone. As with Case 1, water infiltrating down from the source zone
dso carries dissolved constituents to the aquifer and contributes
further to the dissolved plume.

Residua! Saturation
of DNAPL in Soil

/ From Spill

Infiltration and
Leaching

s
Groundwater
Fiow

Residual
Dissolved Saturation in Saturated Zone
Contaminant Plume

After Waterioo Centre for Groundwater Research 1989
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CONCEPTUAL MODELS - Continued

Case 3: DNAPL Pools and Effect of Low-
Permeability Units

Mobile DNAPL will continue vertical migration until it istrapped as
aresidua hydrocarbon (Case 1 and Case 2) or until low-permeability
stratigraphic units are encountered which create DNAPL “pools’ in
the soil/aquifer matrix. In thisfigure, a perched DNAPL pool fillsup
and then spills over thelip of the low-permeability stratigraphic unit.
The spill-over point (or points) can be some distance away from the
original source, greatly complicating the process of tracking DNAPL
migration.

Dissolved

. 14 [
Contaminant J—— R o Residual
Plume DNAPL
\ g ¥
\ : Low Permeability
e » Stratigraphic Unit ﬁ
NPT .. CTIP ey erairararer & W

Sand
Z DNAPL Pools

L oW IITrs

Groundwater Flow

e )

After Waterioo Centre for Groundwater Research, 1589, i

Case4: Composite Site

Inthiscase, mobile DNAPL migratesvertically downward through the
unsaturated zone and the first saturated zone, producing a dissolved
congtituent plume in the upper aquifer. Although a DNAPL pool is
formed on thefractured clay or rock unit, thefracturesarelarge enough
to permit vertical migration downward to the deeper aquifer (see Case
5, below). DNAPL pools in a topographic low in the underlying
impermesable unit and a second dissolved constituent plumeisformed.

2

N R -
Residual

P 4 DNAPL <+—— Sand
A / 4 v ¢
Dissolved =0, l/"{" Fractured
Contaminant % Clay or Rock
Plumes y ]
" Residual DNAPL
<*+——  Sand
-— DNAPL Pool
T impermeable Boundary

After Waterloo Centre for Ground Water Research, 1989.

Case5: Fractured Rock or Fractured Clay System

DNAPL introduced into a fractured rock or fractured clay system
follows a complex pathway based on the distribution of fracturesin
the original matrix. The number, density, size, and direction of the
fractures usually cannot be determined due the extreme heterogeneity
of a fractured system and the lack of economical aquifer
characterization technologies. Relatively small volumesof DNAPL can
penetrate deeply into fractured systems due to the low retention
capacity of the fractures and the ability of some DNAPLsto migrate
through very small (<20 microns) fractures. Many clay units, once
considered to be relatively impermeable to DNAPL migration, often
act as a fractured media with preferential pathways for vertical and
horizontal DNAPL migration.
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Does the

Does Historical Site Use Information Indicate Presence of DNAPL?

(see Table 2)

Wereany _
DNAPL-related chemicals
used in appreciable quantities at the site?
(> 10-50 drums/year)
(see Table 3)

YES

hi i:dust;ybtlyl'lpe of oo YES
i robability of historical
B" TONAPL release? > INSTRUCTIONS
(see Table 1)
1. Answer questions in Flowchart 1
(historical site use info. - page 3).
2. Answer questions in Flowchart 2
Does a (site characterization data - page 4).
process or waste o~ W en] "Maybe”
practice en!g:)loyed at the site YES 3. :15‘ Ystsf’romNb?)’t h‘}lnd M‘g’s o
suggests a high probability of —p nswer owcha ,
historical DNAPL release? :’r:;: fs))c.currmce of DNAPL matrix

Go To Next Page

Occurrence of DNAPL - Decision Chatt 1

Industries with high probability
of historical DNAPL release:

TABLE 2

Industrial processes or waste
disposal practices with high
probability of historical DNAPL
Wood preservation (creosote) release:

Old coal gas plants

TABLE 1

TABLE 3 DNAPL-Related Chemicals (20):

(mid-1800s to mid-1900s)

« Electronics manufacturing

« Solvent production

» Pesticide manufacturing

« Herbicide manufacturing

« Airplane maintenance

e Commercid dry cleaning

* Instrument manufacturing

» Transformer oil production

« Transformer reprocessing

o Steel industry coking
operations (coal tar)

» Pipeline compressor stations

« Meta cleaning/degreasing

¢ Metal machining

¢ Tool-and-die operations

e Paint removing/stripping

« Storage of solventsin
underground storage tanks

e Storage of drummed solventsin
uncontained storage areas

» Solvent loading and unloading

« Disposal of mixed chemical
wastesin landfills

e Treatment of mixed chemical
wastesin lagoons or ponds

Note:

The potential for DNAPL release increases with the size

and active period of operation for a facility, industrial
process, or waste disposal practice.

Non-Halogenated
Semi-Volatiles
2-Methyl Napthalene

Halogenated Volatiles
Chlorobenzene

1,2-Dichloropropane

1,1-Dichloroethane o-Cresol
1,1-Dichloroethylene p-Cresol
1,2-Dichloroethane 2,4-Dimethylphenol
Trans-1,2-Dichloroethylene m-Cresol

Cis-1,2-Dichloroethylene Phenol

1,1,1-Trichloroethane Naphthalene
Methylene Chloride Benzo(a)Anthracene
1,1,2-Trichloroethane Flourene
Trichloroethylene Acenaphthene
Chloroform Anthracene

Carbon Tetrachloride Dibenzo(a,h)Anthracene
1,1,2,2-Tetrachloroethane Flouranthene
Tetrachloroethylene Pyrene

Ethylene Dibromide Chrysene
2,4-Dinitrophenol

Halogenated
Semi-Volatiles
1,4-Dichlorobenzene

1,2-Dichlorobenzene M iscellaneous

Aroclor 1242, 1254, 1260 Coa Tar
Chlordane Creosote
Dieldrin

2,3,4,6-Tetrachlorophenol

Pentachlorophenol Note: Many of these

chemicals are found mixed
with other chemicals or
carrier ails
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CDo Site Characterization Data Indicate Presence of DNAPLQ

Has DNAPL
been found in monitoring wells,
observed in soil cores, or physically
observed in the aquifer?
(see Table 4)

Do chemical
analyses of groundwater
or soil indicate the possible presence of
DNAPL at the site?
(see Table 5)

(Standard
Field
Is it likely that Program)
the existing field program could
miss DNAPL at the site?

(see Table 6)

(Extensive Field Program)

Y

> INSTRUCTIONS

1. Answer questions in Flowchart 1
(historical site use info. - page 3).

2. Answer questions in Flowchart 2
(site characterization data - page 4).

3. Use "Yes,” "No,” and "Maybe”
answers from both flowcharts and
enter Occurrence of DNAPL matrix

(page 5).

Go To Next Page

Y

Occurrence of DNAPL - Decision Chart 2

(__NOo ) CMAYBE-(-

TABLE 4
Methodsto confirm DNAPL in wells:

3

NAPL /water interface probes that signal a
change in conductivity of the borehole fluid
» Weighted cotton string lowered down well
» Pumping and inspecting recovered fluid
Transparent bottom-loading bailers
Mechanical discrete-depth samplers.

3

In general, the depth of DNAPL accumulation
does not provide quantitative information
regarding the amount of DNAPL present (24).

Methodsto confirm DNAPL in soil samples:

Visual examination of cores or cutting may not be
effective for confirming the presence of DNAPL
except in cases of gross DNAPL contamination.
Methods for enhancing visual inspectionof soil
samples for DNAPL include:

¢ Shaking soil samplesin ajar with water to
separate the DNAPL from the soil (14).

« Performing a paint filter test, in which soil is
placed in afilter funnel, water is added, and the
filter is examined for separate phases (20).

L] 2)

TABLE S5

Conditions that indicate potential for
DNAPL at site based on |aboratory data:

Condition 1:

Concentrations of DNAPL-related chemicals
(see page. 3) in groundwater are > 1% of
pure phase solubility or effective solubility,
(defined in Worksheet 1, pg. 6) (25).

Condition 2:

Concentrations of DNAPL-related chemicals
on soils are > 10,000 mg/kg (equal to 1% of
soil mass) (8).

Condition 3:

Concentrations of DNAPL-related chemicals
in groundwater calculated from water/soil
partitioning relationships and soil samples
ar e> pure phase solubility(see Worksheet 2,

pg. 6).

Condition 4:

Concentrations of DNAPL-related chemicals
in groundwater incr ease with depth or
appear in anomal ous upgradien/across
gradient locations (25).

Note: This procedureis designed primarily for hydrogeologic settings comprised of gravel, sand, silt, or clay
and may not be applicable to karst or fractured rock settings.
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TABLE 6

Characteristics of extensive field
programs that can help indicate the
presence or absence of DNAPL (if
severa are present, select “NO”):

» Numerous monitoring wells, with wells
screened in topographic lows on the
surface of fine-grained, relatively
impermeable units.

« Multi-level sampling capability.
» Numerous organic chemical analuses

N of soil samples at different depths
using GC or GC/MS methods.

Well-defined site stratigraphy, using
numerous soil borings, acone
penetrometer survey, or geophysics.

« Datafrom pilot tests or “early

action” projectsthat indicate if the site
either:

1) responds as predicted by solute
transport relationships
(Suggest no DNAPL)

or
responds asif additional sources of
dissolved contaminants are present in
the aquifer
(Suggests DNAPL is present) (11).




( Potential for Occurrence of DNAPL at Superfund Sites ’

DNAPL Category
Do Characterization Data Indicate
Presence of DNAPL? (Chart 2)
Maybe No
2 L ol
TU Yes | I-11 I1
3 o
SE
= <
€& Maybe
£ My I Il II - I1I
T g
§ g No
1 11 III
Category Implicationsfor Site Assessment
I Confirmed or high « Therisk of spreading contaminants increases with the proximity to a potential DNAPL zone. Special precautions
potential for DNAPL at should betakento ensurethat drilling does not create pathwaysfor continued vertical migration of free-phase DNAPLS.
site. In DNAPL zones, drilling should be suspended when a low-permesbility unit or DNAPL isfirst encountered. Wells

should beinstalled with short screens (< 5 feet). If required, deeper drilling through known DNAPL zones should be
conducted only by using double or triple-cased wells to prevent downward migration of DNAPL. Assome DNAPLs
can penetrate fractures as narrow as 10 microns, special care must be taken during &l grouting, cementing, and well
sealing activities conducted in DNAPL zones.

« Insomehydrogeologic settings, such asfractured crystallinerock, itisimpossibleto drill through DNAPL with existing
technology without causing vertical migration of the DNAPL down the borehole, even when double or triple casing is
employed (4).

*  Thesubsurface DNAPL distribution is difficult to delineate accurately at some sites. DNAPL migrates preferentially
through selected pathways (fractures, sand layers, etc.) And is affected by small-scale changes in the stratigraphy of
an aquifer. Therefore, the ultimate path taken by DNAPL can be very difficult to characterize and predict.

* Inmost cases, fine-grained aquitards (such as clay or silt units) should be assumed to permit downward migration of
DNAPL through fractures unless proven otherwisein thefield. At some sitesit can be exceptionally difficult to prove
otherwise even with intensive site investigations (4).

»  Drillingin areas known to be DNAPL-free should be performed before drilling in DNAPL zones in order to form a

reliable conceptual model of site hydrogeology, stratigraphy, and potential DNAPL pathways. In areas where it is
v difficult to form areliable conceptual model, an “outside-in” strategy may be appropriate: drilling in DNAPL zones
isavoided or minimizedin favor of delineating the outsi de dissol ved-phase plume (4). Many fractured rock settingsmay
require this approach to avoid opening further pathways for DNAPL migration during site assessment.

Il Moderate potential Due to the potential risk for exacerbating groundwater contamination problems during drilling through
for DNAPL at site. DNAPL zones, the precautions described for Category | should be considered during site assessment.
Further work should focus on determining if the siteisa“DNAPL site.”

11 Low potential for « DNAPLisnotlikely to beproblem during site characterization, and special DNAPL precautionsare probably
DNAPL at site. not needed. Floating free-phase organics organics (LNAPLS), sorption, and other factors can complicate
site assessment and remediation activities, however.
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Worksheet 1: Calculation of Effective Solubility (from Shiu, 1988; Feenstra, Mackay, & Cherry, 1991)

For a single-component DNAPL, the pure-phase solubility of the organic constituent can be used to estimate the theoretical upper-level
concentration of organicsin aquifersor for performing dissol ution cal cul ations. For DNAPL s comprised of amixture of chemicals, however,
the effective solubility concept should be employed:

S®  =theeffective solubility (the theoretical upper-level dissolved-
phase concentration of a constituent in groundwater in equilibrium with a mixed

DNAPL; inmg/l)
Si = the mole fraction component i in the DNAPL mixture (obtained from alab
analysis of aDNAPL sample or estimated from waste characterization data)
Xi = the pure-phase solubility of compound i in mg/l (usually obtained

from literature sources)

Forexample, if alaboratory analysisindicatesthat the molefraction of trichloroethylene (TCE) in DNAPL is0.10, thentheeffective solubility
would be 110 mg/l [pure phase solubility of TCE tomes mole fraction TVE: (1100 mgl) * (0.10) = 110 mg/l]. Effective solubilities can be
calculated for all componentsin a DNAPL mixture. Insoluble organics in the mixture (such as long-chained alkanes) will reduce the mole
fraction and effective solubility of more soluble organicsbut will not comtribute di ssolved-phase organicsto groundwater. Please note that
this relationship is approximate and does not account for non-ideal behavior of mixtures, such as co-solvency, etc.

Worksheet 2. Method for Assessing Residual NAPL Based on Organic Chemical
Concentrations in Soil Samples (from Feenstra, MacKay, and Cherry, 1991)

To estimate if NAPLSs are present, a partitioning cal cul ation based on chemical and physical analyses of soil samplesfrom the saturated
zone (from cores, excavations, etc.) Can be applied. This method tests the assumption that all of the organicsin the subsurface are either
dissolved in groundwater or adsorbed to soil (assuming dissolved-phase sorption, not the presence of NAPL). By using the concentration
of organics on the soil and the partitioning cal culation, atheoretical pore-water concentration of organicsin groundwater is determined. If
the theoretical pore-water concentration is greater than the estimated solubility of the organic constituent of interest, then NAPL may be
present at the site. See Feenstra, MacKay, and Cherry (1991) for a description of the complete methodol ogy.

Step 1: Calculate Sf , the effective solubility of organic constituent of interest. |See Worksheet 1, above. I

Step 2: Determine Koc, the organic carbon-water partition coefficient from one of the following:
A) Literature sources (such as 22) or
B) From empirical relationships based on Kow, the octanol-water partition coefficient, which is also found in the
literature (22). For example, Koc can be estimated from Kow using the following expression developed for

tich :
polyaromatic hydrocarbons (&) i Log Koc = 1.0 * Log Kow - 0.21 ' Other empirical relationships between Koc
and Kow are presented in refs. 4 and 15.

Step 3: Determine foc, the fraction of organic carbon on the soil, from a laboratory analysis of clean soils from the site.
Values for foc typically range from 0.03 to 0.00017 mg/mg (4). Convert values reported in percent to mg/mg.

Step 4: Determine or estimate pb, the dry bulk density of the soil, from a soils analysis. Typical values range from 1.8 to 2.1
gms/cc (kg/1). Determine or estimate gw, the water-filled porosity.

Step 5: Determine Kd, the partition (or distribution) coefficient between l Kd = Koc * foc I
the pore water (groundwater) and the soil solids:

(Ct* pb)
(Kd*pb + ow)

Step 6: Using Ct, the measured conc. of the organic compound in saturated soil in mg/kg, C
calculate the theoretical pore water conc. assuming no DNAPL (e.g., Cw in mg/1): w

e -
Step 7: Compare Cw and S; (from Step 1): Cw > S; suggests possible presence of DNAPL

Cwc Sie suggests possible absence of DNAPL
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GL OSSARY (adapted from Cherry, 1991):

DNAPL: A DenseNon-AqueousPhaseLiquid. A DNAPL can beeither asingle-component DNAPL (comprised of only onechemical) or amixed
DNAPL (comprised of several chemicals). DNAPL existsinthe subsurfaceasfree-phase DNAPL or asresidual DNAPL (seefollowing definitions).
DNAPL doesnot refer to chemicalsthat are dissolved in groundwater.

DNAPL ENTRY LOCATION: The areawhere DNAPL has entered the subsurface, such asaspill location or waste pond.
DNAPL SITE: A sitewhere DNAPL has been released and is now present in the subsurface as an immiscible phase.

DNAPL ZONE: Theportion of asiteaffected by free-phaseor residual DNAPL inthe subsurface (either the unsaturated zone or saturated zone).
The DNAPL zonehasorganicsinthevapor phase (unsaturated zone), dissol ved phase (both unsaturated and saturated zone), and DNAPL phase
(both unsaturated and saturated zone).

DISSOLUTION: The process by which soluble organic componentsfrom DNAPL dissolvein groundwater or dissolveininfiltration water and
formagroundwater contaminant plume. The duration of remediation measures (either clean-up or long-term containment) is determined by 1)
the rate of dissolution that can be achieved in thefield, and 2) the mass of soluble componentsin the residual DNAPL trapped in the aquifer.

EFFECTIVE SOLUBILITY: Thetheoretical agueous solubility of an organic constituent in groundwater that isin chemical equilibrium with a
mixed DNAPL (a DNAPL containing several organic chemicals). The effective solubility of a particular organic chemical can be estimated by
multiplying its mole fraction in the DNAPL mixture by its pure phase solubility (see Worksheet 1, page 6).

FREE-PHASE DNAPL: Immiscible liquid existing in the subsurface with a positive pressure such that it can flow into a well. If not trapped in
apool, free-phase DNAPL will flow vertically through an aquifer or laterally down sloping fine-grained stratigraphic units. Also called mobile
DNAPL or continuous-phase DNAPL.

PLUME: The zone of contamination containing organics in the dissolved phase. The plume usually will originate from the DNAPL zone and
extend downgradient for some distance depending on site hydrogeol ogi c and chemical conditions. To avoid confusion, theterm“DNAPL plume”
should not be used to describe aDNAPL pool; "plume" should be used only to refer to dissolved-phase organics.

POOL and LENS: A pool isazone of free-phase DNAPL at the bottom of an aquifer. A lensis apool that restson afine-grained stratigraphic
unit of limited areal extent. DNAPL can be recovered from apool or lensif awell is placed in the right location.

RESIDUAL DNAPL: DNAPL heldinsoil porespacesor fracturesby capillary forces (negative pressureon DNAPL). Residual will remaintrapped
within the pores of the porous media unless the viscous forces (caused by the dynamic force of water against the DNAPL) are greater than the
capillary forces holding the DNAPL in the pore. At most sitesthe hydraulic gradient required to mobilize all of theresidual trapped in an aquifer
isusually many times greater than the gradient that can be produced by wells or trenches (27).

RESIDUAL SATURATION: The saturation (the fraction of total pore space containing DNAPL) at which DNAPL becomesdiscontinuousand
isimmobilized by capillary forces (14). In unsaturated soils, residual saturation typically ranges from 5% to 20% of total pore volume, whilein
the saturated zone the residual saturation is higher, with typical values ranging from 15% to 50% of total pore volume (14,17). At many sites,
however, DNAPL migrates preferentially through small-scale fractures and heterogeneities in the soil, permitting the DNAPL to penetrate much
deeper than would be predicted from application of typical residual saturation values (16).

Defined Areas at a DNAPL Site o £ DNAPL ZONE Dissolved-Phase PLUME
(contains free-phase DNAPL in pools or

lenses and/or residual DNAPL) /

v

Groundwater Flow Direction

DNAPL ENTRY LOCATION
(such as a former waste pond)
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