Chem-Solv, Inc. Site
Cheswold, Kent County, Delaware

Remedial Investigation Report

Volume 1

July, 1990

Engineers, Planners, Scientists
and Laboratory Services

REROR

4. 14 the pagi Fitmed in this {rame s not a4 uadabu...ol,v lv_c.gkl.bl,c.,.u,..thu....»;4 SR
Label, 4t 44 due to substandard colon on condition of the original page.

DLt




DRAFT REMEDIAL INVESTIGATION REPORT
FOR

CHEM-SOLV, INC, SITE
CHESHOLD, KENT COUNTY, DELAWARE

'SUBMITTED TO
DELAWARE DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL CONTROL
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY REGION III

JULY 1990
BCM PROJECT NO. 00-6012-02

PREPARED BY

Targuik & Brilear
Y MARGARET E. BONAKER
GEOLOGIST

gxfmtc()a. /C/(’/VMM

LINDA MENRY(‘
SENIOR TOXICOLOGIST

L

TROBERT D. BULLER, P.G/
SECTION MANAGER

Nlawy M /’»(4’,,

MARY?‘. MANG o
ASSISTANT VICE PRESIDENT

AR300992
5215y

Engineers, Planners, Scientists and Laooratory Services
One Plymouth Meeting ¢ Plymouth Meeling, PA 194462 e Phon_e: {215) 825-3800

‘iuﬂ- the pagi‘-‘ulned in this {rame is not as uadabu..ga;_jng’lm. Qb _this-..
“label, it d4 due to substandard color o condition of the ordginal page.

B e B .




CONTENTS

1.0 INTRODUCTION
1.1 Site Background

1.1.1 Site Description
1.1.2 Site History

1.2 Previous Investigation

1.2.1 Source/Soll Investigation
1.2,2 Hydrogeologic Investigation

Remedial Investigation Summary

Project Planning

Alr Investigation

Soils Investigation
Stratigraphic Investigation
Groundwater Investigation
Data Evaluation

1.3.6.1 Data Reduction
1.3.6.2 Data Review

3.7 Endangerment Assessment

g.a Treatabiiity Study/Pilot Testing
9

L

|
1,
1,

Remedia) Investigation Report

2,0 REMEDIAL INVESTIGATION METHODOLOGY

2,1 Air Investigation
2,2 Soils/Source Investigation

2.1 Sample Locations
.2,2 Sampling Protocol

2.2,2.1 Soil Samples
2,2,2,2 Fleld Quality Control Samples

2,2,3 Analytical Parameters and Methods
2,3 Stratigraphic Investigation
.1 Sample Locations

2.3
2.3.2 Sampling Protocol
2.3.3 Anmalytical Parameters and Methods

AR300993

. T g T reer

L ﬁ*lgtéhéfpﬁééyillmed in this frame L4 not a@ ltdddﬁlluﬂﬁglllz‘lﬁmll*- -
Label, it L4 due to subatandard color on condition of the ordginal p:;:.




CONTENTS (Continued)

2.4 Groundwater Investigation

2.4.1 Monitoring Well Installation

2.4.1,1 Monitoring Hell Designations and
Locattons

2.4.1.2 Monitoring Well Construction
2.4.1.3 Monitoring Well Development

2,4,2 Groundwater Sampling '
2,4,2,1 Sampling Locations
2,4,2,2 Sampling Protocol
2.4.2.3 Analytical Parameters and Methods

2.4.3 Hell Elevation Survey
2.4.4 Hater Level Measurements

3.0 ENVIRONMENTAL SETTING
3.1 Regional Setting

Physiography
Climate

AR

0.2

1.3 Demographics
1.4 Land Use

Site Setting
3.2.1 Geology

3.2.1,1 Solls
3.2.1.2 Strqthraphy

3,2.2 Hydrogeology
3.2.3 Surface Features
4.0 NATURE AND EXTENT OF CONTAMINATION

4,1 Alr Characterization
4.2 Source Characterization

4,2,1 DNREC Investtgation Results

4.2.1.1, Phase One Soil Sampling
4.2,1.2, Phase Two Soll Sampling

AR30099L
.

1§ the page?ﬂllMed“l;.éhZA (nﬁQe is not e ;c;del;lﬁa‘tg 162 as. thia.
‘dabel, it {4 due to substandard color oa condition oduihegoalzzzzft:ﬁ;:;




CONTENTS (Continued)

4.2,2 Remedial Investigation Results

2.2,1 Volatile Organtc Compounds
2.2.2 Semivolatile Organic Compounds
2.2.3 Pesticides and PCBs

2.2.4 Inorganic Compounds

4
4,
4,
4,
4,2,3 Summary
4.3 Groundwater Characterization
4.3.1 Groundwater Quality
. Shallow Zone Monitoring Hells

300
3,1.2 Intermediate Zone Monitoring Wells
3.1.3 Domestic KWells

4,
4,
4,
4,3.2 Assessment of Groundwater Quality
5.0 HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT
5.1 Introduction

Overview

Scope of Risk Assessment
.1.4 Organization of Risk Assessment

5.1.1

5.1.2 Site Description
5.1.3

5.1

Identification of Chemicals of Potential Concern
5.2,1 Data Collection Considerations
5,2.1.1 Historical Data
5.2,1.2 Rationale for Collection of Remedial
Investigation Data
Data Evaluation Considerations
5.2,2,1 Historfcal Data
5.2.2,2 Quality Assurance/Quality Control
Evaluation of Data

Selection of Chemicals of Concern

AR300995

: “pag@$f2%%edsiar;ﬁ1;dé;au;m24 ﬁoi ;;.acada;iz ;élle d reesthis
v Label, it 44 due to substandard color ox condition El'theaoffgzzzft:i3::”“




CONTENTS (Continued)

1 Organic and Inorganic Chemicals in Soll
2 Organic Chemicals in Groundwater

.3 Inorganic Chemicals in Groundwater

4 Tentatively Identified Compounds in
Groundwater

5.2.3.
5.2.3,
5.2,

5.2.3,

5,2.4 Summary of Chemicals of Concern
Exposure Assessment

5.3.1 Characterizatlion of Exposure Pathways
5.3.2 Identification of Exposure Pathways and
Assumptions

5.3.2.1 Ingestion of Drinking Water
5.3.2.2 1Inhalation of Indoor Alr
5.3.2.3 Derm2i Fxposure

5.3.3 Groundwater Exposure Concentrations

5.3.3,1 Data Evaluation
5.3.3.2 Exposure Concentration

5,
5,

3.4 Identification of Uncertainties
3.5 Summary of Exposure Assessment
Toxicity Assessment

5.4,1 Toxicity Information for Noncarcinogenic Effects
5.4.2 Toxiclty Information for Carcinogenic Effects
5.4,3 Chemicals Without Available EPA Toxicity

Values
5.4.4 Uncertainties Related to Toxicity Information

Risk Characterization
5.,5,1 Carcinogenic Risk Characterization
5.58.1,1 Methods
5.5,1,2 EPA Guidance on Cancer Risk
5.5.1.3 Discusston and Interpretation of Cancer
Risk Results

Noncarcinogenic Risk Characterization

AR300996

1§ the page Ydilmed in this {rame i4 nmot as readable or Leglble.ad. thig.. .-
Label, it L4 due to substandard color o condition of the ondginal page.

oy
| i




CONTENTS (Continued)

Methods

EPA Guidance on Hazard Indices
Discussion and Interpretation of
Hazard Indices

5.6 Environmental Assessment
6,1 Site Description

5.6.1
5.6,2 Identification of Chemicals of Concern
§.6.3 Biological Site Assessment

5.7 Conclusions of the Risk Assessment
6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

6.2 Recommendations

APPENDICES

Appendix A Project Correspondence

Appendix B DNREC Groundwater Siﬁple Data Summary Target Compound <:::)

Sheets
Appendix C  DNREC Water Quality Data Sheeis
Appendix D Stratigraphic Boring and Soil Boring Logs
Appendix E  Remedial Investigation Monitoring Well Logs
Appendix F DNREC Monitoring Well Logs
Appendix G DNREC Sofl Analytical Results
Appendix H  Soll Analytical Results - December 1989
Appendix I Soll Analytical Results - February 1990
Appendix J  Quality Assurance Review - Soil Sampling Event

Appendix K Soil Analytical Results and Data Review - EPA
Split Samples

AR300997 (™

A SR i, 3 b 1 [ T e s R
14 the page Filmed in this frame is not a4 readable o Legible
Label;, 4t 44 due to substandard color or condition of !hegoafgzzzft::;:fw

DR




CONTENTS (Continued)

APPENDICES (Continued)
Appendix 1. DNREC Groundwater Analytical Results - 1989 through 1990
Appendix M  Groundwater Analytical Results ~ April 1990
Appendix N Quality Assurance Review ~ Groundwater Sampling Event

Appendix O  Groundwater Analytical Results and Data Review -
EPA Sptit Samples

Appendix P Exposure Pathway Calculations - Carcinogenic and
Noncarcinogenic Risk

Appendix Q Office of Drinking HWater Model: Volatilization of
Drinking Water Contaminants

Appendix R Dermal Permeabllity Constants

Appendix S EPA Reglon III Risk Assessment Guidance
Appendix T  Reasonable Maximum Exposure Calculations
Appendix U Toxicity Profiles - General Information
Appendix V. Toxicity Profiles ~ Technical Information
Appendix W IEA Method Detection Limits for Organic Analyses

AR300998

T

in ~ 14 the pagé‘zilmed in this {rame is not as neadabtgug« £¢¢¢611h¢A”thi4~nw~»u
label, it is due to substandard color ox condition of the original page.

T




TABLES

Table 1-1  Summary of Past DNREC Soll Investigatton and Cleanup
Activities

Table 1-2  Summary of Past DNREC Groundwater Investigation and
Cleanup Activities

Table 1-3  Summary of Regulatory Activities’
Table 2-1  Sofl Sample Summary

Table 2-2  Groundwater Sample Summary

Table 2-3  Monitoring Well Specifications

Table 2-4  Hell Specifications ~ DNREC Monitoring Helts and
Domestic Hells

Table 3-1  Average Monthly Temperature Data -
Dover Air Force Base

Table 3-2 Average Monthly Precipitation Data -
Dover Alr Force Base

Table 3-3  Average Monthly Wind Data -
Dover Air Force Base

Table 3-4 Hater Level Measurements

Table 4-1  Alr Investigation Results

Table 4-2  Summary of Soil Analytical Results

Table 4-3  Summary of Soil Analytical Results - EPA Split Samples

Table 4-4  Summary of Volatile Compounds Detected in Groundwater
1984 through 1985

Table 4-5 Summary of DNREC Groundwater Analytica) Results
1986 through May 1990

Table 4-6  Summary of Groundwater Analytical Results
Shallow Zone Wells - Organic Compounds

Table 4-7  Summary of Groundwater Analytical Resuits
Shallow Zone Hells - Inorganic Compounds

AR300999 @

pag f&tmed‘ln'thio aaanc LA nat ) neadublz.oa l& 461 ;. ad..2Lh
abel, it 4a due to substandard color or condition of thegonizlnal piZ@.




TABLES (Continued)

Table 4-8 Summary of Groundwater Analytical Results
Intermediate Zone Wells - Organic Compounds

Table 4-9  Summary of Groundwater Analytical Results
Intermediate Zone Hells ~ Inorganic Compounds

Table 4-10 Summary of Groundwater Analytical Results
Organic Compounds - EPA Split Samples

Table 4-11 Summary of Groundwater Analytical Results
Inorganic Compounds - EPA Split Samples

Table 5-1  Summary of Soll Samples and Comparison to
Background Concentratton

Table 5-2  Chemicals Detected in Groundwater -~ Near Wells
Table 5-3 Chemicals Detected in Groundwater ~ Far Hells

Table 5~4  Assumptions used in Calculating Exposure

Table 5-5 Concentrations used In Risk Assessment Calculattons
Tabte 5-6 Toxicity Values: Potential Carcinogenic Effects
Table 5-7 Toxicity Values: Potential Noncarcinogenic Effects
Table 5-8 EPA Categories for Potential Carcinogens

Table 5-9  Cancer Risk Estimates - Near Wells

Table 5-10 Cancer Risk Estimates - Far Hells

Table 5-11 Chronic Hazard Index Estimates - Near Hells

Table 5-12 Chronic Hazard Index Estimates - Far Wells

Table 5-13 Summary of Risk

Table 5-14 Presence - Absence Matrix of Predominant Plant
Taxa within the Three Plant Communities

AR301000

e g the: page 1llmed in this frame {4 not aAAaeadabl£é94:l¢ ibltw 4. ‘;:,
© label, it 14 due to substandard colon or condition of the’balglzait:ﬁzg,

damily 2t O PR TR PO IR T R

vy




FIGURES

Figure 1-1 Site Location Map
Figure 1-2 Site Plan Map
Figure 2-1 Onsite Perimeter Alr Monitoring Locations

Figure 2-2 Monitoring Well, Domestic Well, Soil Boring, and
Statigraphic Boring Locations

Figure 2-3 Monitoring Hell Construction Detail
Figure 3-1 Land Use
Figure 3-2 Geologic Cross Section of Kent County

Figure 3-3 Potentiometric Surface Contour Map -
Shallow Hells - March 27, 1990

Figure 3-4 Potentiometric Surface Contour Map -
Shallow Hells - April 4, 1990

Figure 3-5 Potentiometric Surface Contour Map -
Intermediate Walls - March 27, 1990

Figure 3-6 Potentionmetric Surface Contour Map -
Intermediate Walls - April 4, 1990

Figure 3-7 Regional Surface Water Bodies
Flgure 3-8 Site Topography
Figure 4-1 Dfstribution of Organic Chemicals in Onsite Sotls

Figure 4-2 Total Volatile Organics In Shallow Groundwater ~
November 1986

Figure 4-3 Total Volatile Organics in Shallow Groundwater -
June 1987

Flgure 4-4 Total Volatile Organics In Shallow Groundwater -
April 1990

Figure 4-5 Total Volatile Organic Tentatively Identified
Compounds in Shallow Groundwater - Aprtl 1990

iy

ar30100) U

PP LT PV o

'i\\ﬁ:ml‘f’ﬁ-"‘""‘:""‘ w

med {n this frame {4 not as

page neadable on Legible. ™
Label, it 4s due to substandard color or condition oﬁ'lheaotlbl::it::;¢{




FIGURES ¢Continued)

Figure 4-6 Total Semivolatile Organic Tentatively Identifled
Compounds in Shallow Groundwater ~ April 1990

Figure 5-1 Blological Assessment Boundary

Figure 5-2 Plant Communities

AR301002

i

i
i
"

Y i (4 e - 2 . N cmeemtons -
.ot

§: the page Yitmed in this frame is ﬁo¥l;¢”i?é&¢blndpaﬂ 04 bhda. .
Zabel, it 44 due to substandard color ox condition a¢‘2ﬁ§°§2f$2::2‘$§;;j*"




1.0 INTRODUCTION

SITE BACKGROUND

1,11 Slte Description

The Chem-Solv, Inc. (Chem-Solv) site s located in Cheswold, Kent County,
Delaware, approximately 3 miles north of Dover on the west side of U.S.
Route 13 (DuPont Highway) Just south of Delaware Route 42 (Figure 11},
The Chem-Sotv facility occupied the southern third of a },5-~acre property
and consisted of a one-story concrete hlock bujlding, a distillation
process building, and a concrete pad (Figure 1-2). A concrete-paved
skateboard park was formerly located adjacent to the office building, but
was partially dismantled in 1988, A two-story wood frame apartment
bullding, a storage barn, and a wood shed occupy the northern two thirds
of the property, In the past, a mobile home had been located in the
northwestern corner of the property.

Surrounding land use is agricultural, rosidential, and commercial, Strip
development, consisting of commerclal establishments and private resi-
dences, 1s found on both sides of Route 13 in the immediate vicinity of
the stte. A truck stop/gasoline station previously operated Immediately
north of the property, adjacent to Route 13.

The Chem-Solv site is located In an area zoned for agricultural, light
commercial, and residenttal land use,

1.1.2 Site History

The Chem-Solv facility was 1in operation from 1982 to 1984, At the
facility, spent Industrial solvents were distilled and purified, The
recovered product was then returned to the original generator for reuse.
The residues generated during the distillation process, referred to as
"sti11 bottoms," were collected in 55-~gallon drums. These drums were
stored on the concrete pad awalting disposal as hazardous waste,
Chem-Soly was, therefore, classifled as a hazardous waste generator,
transporter, and storage facillty that had a Resource Conservation and
Recovery Act (RCRA) interim status,

On September 7, 1984, an explosion and fire occurred at the facility,
The State of Delaware Department of Matural Resources and Environmenta}
Control (DNREC) was notified of the incident and immediately initlated a
. site investigation to determine the nature and extent of potential sof)
and groundwater contamination. A memorandum dated September 18, 1984,
was generated by ODNREC outlining Initial investigatory activities
(Appendix A~1). The memo stated that a firefighter at the fire scene had
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v, ,.observed a chemical-l11ke matertal running off the concrete pad
towards the ground." Subsequent visual inspections by DNREC personnel
{ndicated contaminated sof! adjacent to the locatton of the fire,
Indeed, DNREC-conducted vapor monitoring at the site and chemical
analysis of the soll confirmed the existence of volatile organic compound
(VOC) contamination of the soil.

During more detailed analysis of the waste and material handling
practices at Chem-Solv, DNREC concluded that the facility had other
violations of Delaware's Regulations Governing Hazardous Waste. DNREC,
consequently, issued a Cessation of Operatton Order (Order) to Chem-Soly
dated September 21, 1984 (Appendix A-2). The Order outlined DNREC's
belfef that spillage of hazardous wastes onto the ground had occurred
during the fire on September 7, 1984, and prior to the incident. DNREC
ordered Chem-Solv to halt all hazardous waste handling operations with
the exception of those associated with cleanup of the stte. In addition,
the Order required Chem-Solv to remove contaminated soll from the site as
well as to initiate a groundwater monitoring program. The subsequent
sections summarize the investigation undertaken by DNREC to characterize
the extent and nature of soll and groundwater contamination associated
with the Chem-Solv facility, Included with this discussion is a
description of actions undertaken by ONREC in an attempt to remediate
contaminated soil and groundwater at the site,

1.2 PREVIQUS INVESTIGATION
1.2.1 Source/Sell Investigation

As stated in the memo referenced in the previous section, DNREC conducted
a limited solls investigation {immediately following the September 7,
1984, fire and explosion at the Chem-Solv facility., Subsequently, the
owners of Chem-Solv excavated approximately 10 cublc yards (cy) of
contaminated soll and placed this sotl into 30 §5-gallon drums. Although
the DNREC soil investigation primarily consisted of vapor monitoring
using a portable photolonization device, one soi) sample was apparently
obtained from a depth of 7 feet below ground surface. This sample was
transported to a laboratory for VOC analysis, but the results of this
analysis are unknown, It 1s belleved that this soll sample allowed DNREC
to conclude that the VOC contamination primartiy consisted of trichioro-
ethene (TCE); 1,1,1-trichlorcethene; 1,2~dichloroethane; 1-chloroethelene;
ethytbenzene; and toluene, Table }-~1 summarizes all Pre~RI soll investi-
gation and cleanup activities. .

During April 1985, a large portion of the drum storage pad was removed
and 1,300 cy of contaminated soil were excavated by DNREC, The soll was
removed to the depth of the local water table and was staged onsite for
later remediation/disposal, Later that month, DNREC contracted with SMC
Martin Inc. (SMC Martin), an environmental consultant, to evaluate
remedial alternatives for onsite treatment of the excavated soll,

-2 AR301004
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SMC Martin conducted two initial rounds of soll sampling on May 1, 1985,
and May 10, 1985, The sampling scheme was designed In order to determine:

1. Whether any contaminated soil remalned in the sidewalls or
floor of the excavation

The range of concentrations of contaminants in the sofl
stockpile for the evalvation of viable remedial alternatives

Whether any compounds other than VOCs had contaminated the
sofls

A total of 15 samples were collected during this sampling effort:

1. Six samples from the sidewalls of the pit
2. three samples from the floor of the pit
3, flve samples from the stockpiled soil

4. one sample from the drainage way

The results of these sampling events are discussed in Sectton 4.2.1,
Apparently, SMC Martin utilized the results from the May 1985 sampling to
conclude that soll shredding/aeration was the appropriate alternative for
remediation of the suil and issued "Evaluation of Remedial Alternatives
for Soll and Groundwater Cleanup at the Chem-Solv Solvent Recovery
Facility, Cheswold, Delaware," on May 18, 1985,

On August 16, 1985, an additional 37 soil samples were collected for the
purpose of:

1. Determining baseline concentrations of VOCs 1n the soll

2, Identifying the presence of compounds untreatable by soil
shredding/aeration

Thirteen of these samples were taken from the in-place soil surrounding
the soil stockplle. The other 24 samples were collected directly from
fhESStkap'Jeé ]The results of this round of sampling are also contained
n Section 4.2.1,

The soll shredding process began on September 9, 1985, and contfinued
unttt November 7, 1985, The stockpiled soils were repeatedly passed
through the soll shredder equipment. Samples of the soil were taken
before and after shredding and were analyzed for VOC concentration,
moisture content, grain size, and pH. HWhen analytical results iIndicated
"acceptable levels" of VOCs in the soll after shredding, the soll was
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placed into the excavated pit and compacted. Otherwise, the soil was
returned to the shredder for another pass. Confirmatory soi! sampling
was completed on November 11, 1985,

SMC Martin then published the findings of the soi) shredding operation iIn
the report entitled "Removal of Volatile Organic Contaminants from Soils
at the Chem-Solv Solvent Recovery Facility, Cheswold, Delaware," on
May 20, 1986, The veport concluded that the sotl shredding process
employed at the site had been successful in removing VOC contamination
from granular soils.

1.2.2 Hydrogeologlc Investigation

DNREC also conducted an extensive Investigation Into groundwater
contamination associated with the Chem-Solv facility. Between September
1984 and June 1986, 43 monitoring and 7 recovery wells were installed
elther on or around the site, Samples of groundwater from these and
domestic wells in the vicinity of Chem-Solv were collected and analyzed
for organic priority pollutants, primarily VOCs, up until November 1988,
A discussion of all historical groundwater monitoring data 1s contained
in Secitun 4.3.1, .

Information gathered during this investigatton allowed DNREC to assess
the general hydrogeologic conditions underlying the site and to delineate
the plume of VOC-contaminated groundwater. An attempt was made to
capture the plume by pumping and treating the contaminated groundwater by
atr stripping. Groundwater reclamation was conducted from December 1985
to September 1988.

Glven the amount of data coliected by DNREC and the prolific amount of
activity that had occurred during the hydrogeologic investigation, Table
1-2 was developed in order to summarize this information. Several
sources were available as a means to this end, but these sources were not
always consistent. For the most part, the Sample Data Summary Target
Compound sheets provided by ONREC (Appendix B) were utilized for ground-
water sampling events, These DNREC data sheets were compared to the
Water Quality Data Sheets contalned as Attachment J in “Groundwater
Decontamination, Chem-Solv  Solvent Recovery Facility, Cheswold,
Delaware," prepared by CABE Associates Inc. (CABE) tn March 1987
(Appendix C). In general, the DNREC data sheets and those contained In
the CABE report correlated, but exceptions are noted on the table at the
end of the appropriate entry (see September 12, 1985; February 19, 1986;
and ifay 13, 1986). Likewise, well installation dates were obtained from
the 1imited number of well drilling logs contained as Attachment A in the
CABE report. For wells which had no existing logs, the installatton
dates were obtained from Exhibits I-9 and I-~10 in the CABE report, With-
out the logs, however, it was Impossible to double check the dates on
Exhibits I-9 and I-10 for typographical errors, mistranslations, etc.
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Other sources included the May 20, 1986, SMC Martin report and the "Draft
Hork Plan for Remedial Investigation/Feasibility Study, Chem-Solv Inc.
Site, Cheswold, Kent County, Delaware," issued by BCM Englineers, Inc,
(BCM) in October 1989, Similar to the well installation dates, several
dates of events as referenced in either of these reports could not be
confirmed by cross checking fleld logs, fleld data sheets, etc, (n these
fnstances, the document from which the event and date were obtalned fis
referenced at the end of the appropriate entry. Verbal communication
with DNREC to confirm dates was utilized when possible.

In September 1984, DNREC installed five observation wells (OB-~1A through
0B-5A) at the site to monitor the shallow water table aquifer above an
fdentified low-permeability horizon (Figure 1-2). Hell O0B-1A was
installed 1immediately adjacent to the site of the September 1984
incident, Hells OB-2A through OB-5A were installed around the perimeter
of the site. During that same month, DNREC aiso sampled domestic wells
In the vicinity of the Chem-Solv facility, but found no contaminants (SMC
Martin, 1986),

DNREC took the first round of groundwater samples from the monitoring
wells OB-1A through 0B-5A on October 3, 1984, Analytical results of this
sampling event verified VOC contamination of the shallow aquifer, with
TCE being the most prevalent compound. DNREC also measured groundwater
table elevations twice in October 1984, These data indicated a north-
gasterly hydraultc gradient.

During November 1984, DNREC installed seven more monitoring wells (OB-68,
0B-7A and -B, 0B-8A and -B, and 0B-9A and -B), screened both above and
below the shallow confining layer and established a consistent well
{dentification system, All monitoring wells screened above the shallow
confining bed were denoted with the letter "A" (e.g., 0B~]A) and all
monitoring wells screened below the shallow confining bed in the inter-
Tediateogo;g)of the water table aquifer were denoted with the letter "B"
e.g., 0B-78),

Groundwater from onsite monitoring wells and offsite domestic wells was
sampled on December 5 and 6, 1984, January 29, 1985, and April 22, 1985,
One of the original flve wells, 0B-1A, had to be removed during the
excavation of 1,300 cy of contaminated soil,

In Apri) 1985, DNREC retained SMC Martin to evaluate alternatives for
groundwater and soll remediation at the site, As part of the assessment
of groundwater cleanup alternatives, SMC Martin conducted a hydrogeologic
fnvestigation at the site (CABE, 1987) and issued a report entitied
“Evaluation of Remedial Alternatives for Soil and Groundwater Cleanup at
the Chem-Solv Recovery Site, Cheswold, Delaware," on May 18, 1985, This
SMC Martin report was not available to BCM at the time the RI report was
being written, but it is assumed that the results of SMC Martin's hydro-
geologic assessment are contained in this report.
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Based on SMC Martin's findings, DNREC agreed that groundwater recovery by
pumping and treatment of the recovered groundwater by air stripping was
to occur at the facllity. CABE Assoctates Inc. was retained on August 5,
1985, to design and implement the recovery and treatment system. From
August to October 1985, 23 monitoring wells, five recovery wells, and one
replacement domestic well were installed In and around the site. Like-
wise, numerous groundwater samples were collected from monitoring,
recovery, or domestic wells and two pump tests were conducted to further
facilitate design of the recovery and treatment system,

On November 26, 1985, untreated and treated water was collected from the
recovery and treatment system during a test run of the equipment. By
December 11, 1985, the system was fully operational, after some minor
mechanical problems earlier in December. The first round of sampling for
treatment efficiency monitoring was conducted on January 2, 1986, with
continued sampling occurring at least every other month in 1986, In
additlon, groundwater sampling from monitoring and domestic wells
continued into November 1986 to assess the system's effectiveness in
capturing the plume of contaminated groundwater,

On June 9 and 10, 1986, -two additional recovery wells were instailed,
One of these wells (0B-43AR) was later added to the recovery system. The
other well, 0B-44AR, was not used for recovery, but was utilized as a
monitoring well, called OB-44A, Later in June, a monitoring well
(0B-45B) was installed in the intermediate aquifer, This well's ability
to yleld water was tested on June 18, 1986, during a pump test.

A point-of-use carbon treatment system was installed at a nearby home
that had a contaminated well sometime before July 14, 1986, Unfortu-
nately, the exact date of this installation could not be confirmed, but
DNREC sampled the water both before and after treatment on this date,
Based on verbal communication with DNREC, the contaminated well had
apparently been installed by DNREC as a replacement of the property's
original well, This replacement well was installed to a depth of 50 feet
on September 11, 1985, but subsequent sampling of this 50-foot well
indicated unacceptable levels of VOCs. It {s belleved that the contami-
nated 50-foot well was later replaced with a deeper well fnstalled by
DNREC in May 1987. This well was apparently free from contamination,
although no raw data was available to confirm this.

Apparently, no groundwater or treatment system monitoring sampling
occurred during the first half of 1987, From June 8 through 16, 1987,
however, groundwater was again sampled from 17 monitoring anu' nine
domestic wells, No other groundwater sampling occurred until
December 22, 1987, with the exception of untreated water from the
recovery system and two domestic welis, Thereafter, monitoring and
domestic wells and recovery system untreated groundwater were sampled
quite frequently in 1988,
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Pty aen

If the page filmed in this frame is not as neadable or Legible as thi .
labe{, it 44 due to substandard colox ox condition of the ordginal pa;e,




In September 1988, the afr stripping tower collapsed, at which time
recovered groundwater was no longer discharged to the alr stripping /‘-\
unit, DNREC, however, continued to discharge recovered groundwater to '
the Kent County sewer system until November 1988, No groundwater pumping

or treating, at that scale, has occurred at the site since then.

1,3 REMEDIAL INVESTIGATION SUMMARY

In September 1988, an Administrative Consent Order (ACO) was signed by
the United States Environmental Protection Agency (EPA), ONREC, and
several of the Chem-Solv Principle Responsible Parties (PRPs). The ACO
consisted primarily of an agreement to perform a Remedial Investigation/
Feasibility Study (RI/FS) in accordance with the Comprehensive Environ-
mental Response, Compensation, and Ltabiltty Act (CERCLA) as amended by
the Superfund Amendments Reauthorization Aet (SARA). The Chem-Solv site
was proposed to be included on the National Priority List (NPL). DNREC
Is the Lead Agency for the site,

Table 1-3 contains a summary of regulatory activities occuring up until
the present. The Chem-Solv PRP Committee retatned BCM to carry out the
requirements of the RI/FS. A Draft Work Plan for the RI was prepared in
December 1988 as revised July 1989 and October 1989, The Work Plan was
approved by ONREC on December 1, 1989, and was fmplemented between
December 4, 1989, and March 12, 1990. This report is a discussion of the
findings of the Remedial Investigation.

The tmplementation scheme of the RI was divided into nine separate tasks
as follows:

Task 1: Project Planning

Task 2: Atr Investigation

Task 3: Solls Investigation

Task 4: Stratigraphic Investigation
Task 5: Groundwater Investigation

Task 6: Data Evaluation

Task 7: Endangerment Assessment

Task 8: Treatabi1ity Study Pilot Testing
Task 9: Remedial Investigation Report

r 1 1 1@ @ r 1 11

The subsequent nine sections summarize the activities conducted to
complete each of the nine tasks.

1.3.1 Project Planning

The purpose of this task was to prepare various documents and plans prior
to Initiation of fleld work. Activities conducted as part of this task
were: .
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Inttial site reconnaissance

Preparation of specifications and selection of subcontractors
(1.e., driller and surveyor)

Arranging for site access
Review of agency files

Surveying of site and preparatfon of a topographic base map
at a scale of 1 Inch = 100 feet with a 2-foot contour interval

Coordinating with DNREC prior to the f{nitiation of any
sampling and laboratory analysis

1.3.2 Afr Investigation

The afr investigation was conducted onsite prior to initiating sampling
or Intrusive exploration, The purpose of this task was to evaluate the
health and safety needs at the site and, as part of the site Endangerment
Assessment (Task 7),.to estimate onsite and offsite exposure. Breathing
zone monitoring was conducted using an HNu or OVA at 12 onsite loca-
tions. Two of the sampling locations were in the former spill area.

1.3,3 Soils Investigation

Seven test borings (CSB-6 to CSB-12) were completed onsite to identify
the horizontal and vertical extent of subsurface soll contamination.
Three soll samples were obtained from each boring and analyzed for all
Target Compound List (TCL) and Target Analyte List (TAL) fractions in
order to identify the suite of contaminants present in the site soils.
The borings were advanced until the confining stlt layer which separates
the shallow and fintermediate =zones of the water table aquifer was
encountered, or 35 feet below grade, whichever was first., The sampling
Intervals Included the 0.5 to 2.0-foot interval, the 2-foot interval
immediately above the water table, and the 2-foot {interval encountered
immediately above the silt layer,

The borings were located in areas of the site where hazardous materia)
had been either stored or was suspected of having been spilied, These
areas included the former distillation building, shredded 5ol
excavation, and former contaminated soil stockpile areas. In additton,
two soit borings were located {immediately adjacent to the former
concrete-paved area in order to 1investigate the presence/absence of
contamination which may have resulted from runoff from the pad. The
boring locations were surveyed for both horizontal and vertical control.
More details of the soil boring program are contained in Section 4.2.2,

_J AR301010

1f the page §ilmed in this frame is not as readable or Legible as ¢ l‘z'
Label, it {s due to substandard color o condition of the original :a;e.




1.3.4 Stratigraphic Investigation

Five test borings (CSB~1 to CSB-6) were completed offsite to the bottom
of the silt/clay confining layer to depths ranging from 26 to 43 feet.
The locations were selected to fill in data gaps regarding the presence/
absence of the confining layer onsite and hydraulically downgradient of
the site. Shelby tube samples were obtalned from two of these test
borings.

1.3,5 Groundwater Investigation

Seven groundwater monitoring wells were finstalled as part of this lnves-
tigation, These wells were fidentified by "MWS" or "MHI" representing
whether the well was finished within the shallow aquifer zone or the
intermediate aquifer zone, respectively, Groundwater samples were
obtalned from these wells, and from seven existing wells, Analytical
data from the groundwater sampling was evaluated in order to determine
the horizontal and vertical extent of groundwater contamination in both
the shallow and intermediate zones of the water table aquifer (see
Section 4.3.1). All groundwater samples were analyzed for all TCL/TAL
parameters. ,

Shallow Zone Wells

The locations of the shallow and intermediate~zone monitoring wells are
discussed in Section 2.4,1.1. Hells completed in the shallow-zone
aquifer were located in an effort to delineate the extent of shallow
groundwater contamination downgradient (north-northeast) of the site,

Intermediate Zone Wells

In addition to determining the extent of shallow contamination, the
distribution of contamination in the intermediate zone was assessed via
Installation of three intermediate-zone monitoring wells., One of these
wells was used to evaluate the quality of groundwater in the intermediate-
2one upgradient of the site, The remaining two intermediate-zone wells
were located in order to determine the extent of contamination, down-
gradient of the Chem-Solv facility.

Hell Survey

A1) the newly installed monitoring wells were surveyed to horizontally
and vertically locate the wells to a known datum. Horizontal ccntrol for
each of the newly installed monitoring wells was obtained to the nearest
0.1 foot, Vertlcal control was obtained to the nearest 0,01 foot, A)l
surveying was performed by a Delaware-licensed professional land
surveyor, The survey for the newly installed wells was tied into the
same coordinate system used for the existing monitoring well locations.

AR301011
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Hell Development

The monitoring wells were developed after installation to .remove fines
from around the well screen. The wells were developed by overpumping,
Development and purge water was discharged directly to the ground since
organic vapor levels as measured with an HNu did not exceed 20 units
above background,

Groundwater Sampling

The newly installed wells were allowed to equilibrate for a 2-week period
following installation prior to collection of groundwater samples. The
groundwater samples were obtalned using the protocols described tin
Section 4.3.2 of the QAPJP. A sample was collected from each of the
seven new monitoring wells, Each sample was amalyzed for all TCL/TAL
parameters, Samples were also taken from existing shallow zone wells
227, 26A, 33A, 39A, and 41A. Amalytical data generated from the newly
installed shallow zone wells and existing shallow zone wells 26A, 33A,
39A, and 41A were used to characterize the magnitude and extent of the
cgnf?mtnated groundwater which exists downgradient of the site in the
shallow zone.

Existing intermediate zone wells 5B and 9B were also sampled as part of
this investigation, Data generated from the three newly-installed and
two existing intermediate zone wells were used to evaluate the magnitude
and extent of contamination, If any, in the intermediate zone. Analyti-
cal data generated from existing shallow zone well 22A and the newly
installed intermediate zone well (MHI-1-43) in the victnity of well 22A
were used to evaluate the quality of groundwater in each zone entering
the site from the hydraulically upgradient direction. Analytical data
generated from the recovery system sampling were used to evaluate the
magnitude of contaminatton remaining onsite in the shallow zone.

Hater Level Measurements

Two rounds of water level data were collected from all accessible
existing monitoring wells to determine the hydraulic head distribution in
the shallow and Intermediate aquifer zones. All measurements were taken
to the nearest 0.01 foot using an electric water level indicator. The
top of the well casing was used as a reference point. Piezometric
surface contour maps were constructed from these measurements for the
intermediate and shallow zones, The horizontal hydraullc gradient,
magnitude, and direction were determined for both the shallow and
{ntermediate zones. In addition, the vertical hydraullc gradient,
magnitude, and direction between the shalliow and Intermediate zones were
determined at each well couplet location.

D, AR301012

*.

1 the page filmed in this frame is not as readable on Legible a4 ¢ ’
label, it 44 due to substandard color on condition of thegoaiglnal 3§;e.




1.3.6 Data Evaluation

The objectives of this task were to organize the validated data as
detalled in the QAPJP into a working format for analysis and to perform
the necessary evaluations and interpretations to meet the overall project
objectives, Task 6, therefore, had two distinct components: data
reduction and data evaluation, Following are brief descriptions of each
component,

1,3.6.1 Data Reduction

Data obtained from the varlous field investigations were condensed and
organized to facilitate evaluation and presentation. Reduction of
hydrogeologic data resulted in the production of various tables, figures,
and drawings which describe and summarize the pertinent site features.
These include:

- Flgures displaying boring and monitoring well locations and
elevations

- Hydrogeolcgic cross sections

- Groundwater contour maps

- Boring log descriptions

- Monitortng well as-built construction diagrams
Appropriate tables, maps, and figures were produced to summarize the
occurrence and distribution of contaminants at the site and adjacent
environs, These are referenced in Section 4.0,
1,3,6.2 Data Review
BCM reviewed the reduced form of the data obtained during the RI to
evaluate whether the RI/FS project objectives were met., The results of
this data evaluation are contalned in Section 4.0. In conjunction with

this evaluation, we determined recommendations for additional fnvestiga-
tive work. They are detalled in Section 6.0,

1.3.7 Endangerment Assessment

The endangermeit assessment (EA) was ﬁsed to determine the probability
and magnitude of risk, {f any, to human health and the environment due to
ag:ual or probable releases of chemicals assoclated with the Chem-Solv
site,
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The EA 1s a formallzed process consisting of four tasks: (1) hazard
Ydentification, (2) exposure assessment, (3) toxicity assessment, and
(4) risk assessment.

The procedures used in this EA were consistent with the Endangerment
Assessmant Handbook (PRC, 1985), The risk evaluation was based on the
Superfund Public Health Evaluation Manual (SPHEM) (EPA, 1986).

1.3.8 Treatability Study/Pilot Testing

The need for treatability studies and/or pllot testing was evaluated
following completion of the data validation/evaluation and the initial
screening of remedial technologles, Discussion of {dentified treata-
bi11ty studies and/or pilot testing will be provided in the Feastbility
Study Report,

1.3.9 Remedial Investigation Report

Task 9 encompasses the preparation of this draft and final version of the
Remedial Investigation Report. The RI report Inciudes the results of the
previously discussed tasks fncludtng the following:

Site surface and subsurface conditions

Extent and nature of soll contamination, If any

Extent and nature of groundwater contamination, if any
Analytical data and QA/QC backup

Results of the public health and environmental assessments
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TABLE 1-1

SUMMARY OF PAST DNREC
SOIL INVESTIGATION AND CLEANUP ACTIVITIES

CHEM~SOLV, INC., SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

Date Event

September 1984 Inittal soils investigation ~ Chem-Solv excavated
approximately 10 cubic yards of contaminated soil.

April 1985 ONREC excavated 1,300 cublc yards of contaminated
sol1, Soll was stockpiled onsite,

April 19, 1985 DNREC retained SMC Martin, Inc. (SMC Martin) to
gvaluate alternatives for soll and groundwater
cleanup.

May 1 and 10, 1985 SMC  Martin conducted pre-soil shredding sotl
sampling in the excavation sidewalls and floor,
staged soll stockpile, and nearby drainageway.

May 18, 1985 SMC  Martin 1ssues "Evaluation of Remedial
Alternatives for Soil and Groundwater Cleanup at
the Chem-Solv Solvent Recovery Site, Cheswold,
Delaware."

August 16, 1985 SMC Martin conducted a round of pre-~shredding
soll sampling of in-place soll adjacent to the
stockptle and of stockpiled soils.

September 9, 1985 Guardian  Construction  Company  began  sofl
shredding process,

November 7, 1985 Sotl shredding completed,

November 11, 1985 Post-shredding  confirmatory  soil  sampling
completed,

May 20, 1986 SMC Martin issued "Removal of Volatile Organic
Contaminants from Solls at the Chem-Solv Solvent
Recovery Facllity, Cheswold, Delaware,”

Comp! led by BCM Engineers Inc. (BCM Project No. 00-6012-02) AR30 1019
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TABLE 1-2

SUMMARY OF PAST DNREC

GROUNDWATER INVESTIGATION AND CLEANUP ACTIVZTIES
CHEM-SOLYV, INC. SITE REMEDIAL INVESTIGATION

CHESHOLD, DELAWARE

Date

1

Event

September 1984

October 3, 1984
October 1984

November 28-30, 1984
December 5 and 6, 1984

January 29 and 31, 1985
April 1985

April 22, 1985

April 1985 to approx.
August 1985

May 18, 1985

August 5, 1985

Five groundwater monltor1hg wells installed
in the shallow aquifer,

Domestic wells sampled (SMb Martin, 1986).
Five monitoring wells sampled,

Groundwater table elevations measured twice
In five monitoring wells (SMC Martin, 1986).

Seven monitoring wells installed.

Ten monitoring wells and four domestic wells
sampled,

Nine monitoring wells sambled.

One monitoring well removed during soll

" excavation (SMC Martin, 1986).

Eleven monitoring wells and six domestic
wells sampled. ¢

|
SMC Martin conducted hydrogeologic investi-
?stion at site, \ncludin% slug test (CABE,
87).

1
ot

SMC Martin fssues "Evaldation of Remedial
Alternatives for Soll* and Groundwater
Cleanup at the Chem-Soly Solvent Recovery
Site, Cheswold, Delaware.'|

CABE retained to help Implement the
groundwater recovery and treatment system.
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TABLE 1-2 (Continued)

Date

Event

August 13-22, 1985
August 14, 19885
August 22, 1988
August 26, 1985

1985
September 11, 1985

August 28,

September 12, 1985
September 18 and 26, 1985

October 4, 1985
October 9, 1985

October 24, 1985
October 25, 1985

October 1985

November 26, 1985

December 11, 1985

Janvary 2, 1986

page Jitmed in this
4L 44 due to substandard color on condition of the original page.

Eleven monitoring wells and one recovery

well fnstalled.

One (of the original five) monitoring well
sampled.

The eleven monitoring weils most recently
installed were sampled.
Pump test conducted; sampled
0B-8AR (CABE, 1987),

pumped and

Ten monitortng wells sampled,

New domestic well installed at Gearhart
property, finished at 50 feet (Appendix C).

Four monitoring wells sampled (Attachment J;
CABE, 1987).

Nine monitoring wells and one recovery well
fnstalled.

Eight monitoring wells sampled,
One monitoring and one recovery well sampled.

Pump test conducted on wells OB-6A, 0B-20AR,
and 0B~32AR (CABE, 1987).

Two recovery wells sampled.

Pump test conducted on well 08-34AR (CABE,
1987),

Three monitoring and four recovery wells
fnstalled,

Untreated and treated water from the
recovery system sampled to test air stripper
efficiency.

Recovery and  treatment system fully
operational and completed 24 hours of
operation (CABE, 1987), ’

Untreated and treated watdtR 3’93“)31‘

recovery system sampled.
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TABLE 1-2 (Continued)

Date Event

fFebruary 19, 1986 Thirteen domestic wells sampled (Attachment
J; CABE, 1987),

February 27, 1986 Untreated and treated water from the
recovery system sampled.

March 11, 1986 Twelve monitoring wells and one domestic
wel) sampled; untreated water from the
recovery system also sampled,

April 8, 1986 Untreated and treated water sampled from one
domestic well and the recovery system,

April 11, 1986 Untreated and treated water sampled from one
domestic well, T

Apri) 28, 1986 Untreated and treated water sampled from the
recovery system,

May 13, 1986 Nine monitoring wells, untreated and treated
. water from the recovery system, and
untreated water from one domestic well

sampled, :

Attachment J (CABE, 1987) indicates that 13
monitoring wells and untreated and treated
water from the recovery system was sampled:
untreated water from one domestic well was
sampled twice,

June 9, 1986 One recovery well (OB-43AR) {installed. This
well was later added to the recovery system.

June 10, 1986 One recovery well (OB-44AR) installed, This
well was not added to the recovery system
the well was later renamed monitoring well
0B-44A.,

June 11 and 16, 1986 One monitoring well installed (0B-45B),

June 18, 1986 Pump test conducted in well 0B-45B (CABE,
1987).  This well was also sampled.

June 30, 1986 Pump test conducted on OB-43AR (1987, CABE),

July 1986 Carb int-of- treat
" 1::tg?led g?\ r;lom?a vlcjis:h con{:&xxa Qomzz
well (BCM, 1989),
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TABLE 1-2 (Continued)

Date

Event

July 14, 1986

July 28 and 29, 1986

September 25, 1986

November 17 and 18, 1986

March 1987

June 8-16, 1987

August 1987

September 4, 1987

October 15, 1987

December 1, 1987

December 17, 1987
December 22, 1987

January 5 and 6, 1988

March 21, 1988

water from the
domestic well

treated
and one

Untreated and
recovery system
sampled,

Sixteen monttoring wells and untreated water
from the recovery system sampled.

Untreated and treated water from the
recovery system sampled.

Stxteen monftoring wells sampled. Three of
these wells were sampled by both bailing and
pumping,  Three domestic wells sampled.
Untreated and treated water from one
domestic well and from the recovery system
sampled, .

CABE Assoclates
DNREC, "Groundwater
Chem-Soly  Solvents
Cheswold, Delaware."

{ssues final report for
Decontamination,
Recovery  Facility,

Seventeen monitoring and nine domestic wells
sampled.

Replacement domestic well had been installed
at adjacent property (Appendix A-10),

Untreated water from the recovery
sampled.,

system

Recovery system untreated water and one

domestic well sampled,

Recovery system untreated water and one
domestic well sampled,

Recovery system untreated water sampled.

Four monitoring wells and recovery system
untreated water sampled.

Five monitoring wells, two domestic wells,
and recovery system untreated water sampled.

Nine monitoring wells, one domestic well,

and recovery system untreated wat@y SO 18R 3

Q
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TABLE 1-2 (Continued)

Date Event

April 14, 1988 Three monitoring wells, one domestic well,
and recovery system untreated water sampled.

May 17, 1988, and Recovery system untreated water sampled.
June 15, 1988

July 26, 1988 One monitoring well, five domestic wells,
and recovery system untreated water sampled.

September 1988 Air stripping tower collapsed. Continued
pumping groundwater from the recovery system
to the Kent County sewer system.

November 15, 1988 One monitoring well, five domestic wells,
and recovery system untreated water sampled.

November 1988 Discharging of groundwater from the recovery
system to sewer system halted.

Compiled by BCM Engineers Inc., (BCM Project No. 00-6102-02)
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TABLE 1-3
SUMMARY OF REGULATORY ACTIVITIES

CHEM~SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

Date Event

September 1988 Administrative Consent Order signed.

September 1988 BCM  retained to  conduct  Remedia)
Investigation/Feasibility Study.

December 1988 BCM 1ssued "Draft Hork Plan for Remedial
Investigation/Feasibility Study, Chem-Solv
Inc. Site, Cheswold, Delaware."

June 1989 DN??C began quarterly monitoring of domestic
wells,

December 1, 1989 EgAFS Hork Plan was approved by DNREC and
December 4, 1989 BCM began fimplementation of the RI/FS Hork

Plan,

Source: BCM Engineers Inc. (BCM Project No. 00-6012-02)

AR301025 (U

AT R i i ) ]
1§ the page filmed in this {rame is not as readable_or Legible as. PR
label, it is due to substandard coloa ox conditlonwEk'lhegoalgz:ait:::;:" B

.




2,0 REMEDIAL INVESTIGATION METHODOLOGY

2.1 AIR INVESTIGATION

BCM conducted an air investigation to evaluate health and safety needs at
the stte prior to tnitiating sampling or any intrusive activities. Data
from this investigation was also designed to be used to estimate onsite
and offsite exposure as part of the site Endangerment Assessment,

The investigation was conducted on October 16, 1989, Twelve sampling
locations were set up around the perimeter of the site (Flgure 2-1),
Ambient organic vapor readings were recorded at each location using both
an HNu Systems Photofonization Detector (HNu PI-~101, 10,2 eV probe) and a
Century Systems Organic Vapor Analyzer (OVA-128), At each location, the
HNu and OVA instrument probes were directed inward, towards the former
excavated area.

In addition, alr monitoring with elther the HNu or OVA and a combustibie
gas/oxygen/hydrogen sulfide meter (MSA Model 361) was performed continu-
ously during all fintrusive drilling activities. Air monitoring using
efther the HNu or OVA was performed continuously during well construe-
tlo?.1¥f1] development, groundwater sampling, and water level measurement
activities,

A1l monitoring equipment was calibrated to gas standards each day prior
to use and recorded in a bound field log book.

2.2 SOILS/SQURCE INYESTIGATION

The soll fnvestigation was designed to delineate the horizontal extent of
the former source area, Eight borings from seven locations were placed
around the edge of the former excavated area, Three sofl samples from
each location were retained for chemical analyses. In addition, spiit
samples were retaiped for the EPA by personnel from CDM Federal Programs
Corporation (COM) and submitted for chemical analyses.

The soll investigation was conducted from December 4 through December 20,
1989, and from February 22 through February 28, 1990, Because of extreme
weather conditions encountered during December 1989, work at the site was
halted December 20, 1989. Freezing temperatures hampered decontamination
of the sampling equipment and raised questions about the possibility of
cross contamination of the soll samples. BCM notified DNREC of the work
stoppage In a letter dated December 27, 1989, (Appendix A-3). DNREC
approved the work stoppage In a letter dated January 22, 1990 (Appendix

=7
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Fleld activities were generally conducted In accordance with the proce-
dures contalned in the Work Plan, However, some modifications to the
Hork Plan were necessary due to conditions encountered during the inves-
tigation; these modifications are detailed in the following sections.

2,2.1 Sample Locations

Eight borings (CSB-6, CSB-7, CSB-8, CSB-8A, CSB-9, CSB-10, CSB-11, and
(SB-~12) were placed at seven locations around the edges of the former
excavated area (Figure 2-2). Boring logs are contained in Appendix D.
The sofl {n the former excavation area delineates the solls from around
the former distillation buiiding that were excavated, shredded, tested
for indicator parameters, and placed back in the excavation during work
performed by DNREC in 1985 prior to the RI. Since the soil was excavated
to the top of the water table, the RI sofl investigation was structured
to delineate what contaminants, if any, remained in the unsaturated soils

outside the excavation,

A description of each boring location and the

rattonale for placement of the bortng is provided below.

Boring
Namg

CSB-6

CsB-7

cse-8
CsB-8A

CsB-9

Csg-10

CsB-11

CsB-12

Locatton

Southeastern side
of excavation

Southcentral side
of excavation

Southwestern edge
of concrete pad

Northwestern edge
of concrete pad

Eastern edge of
concrete pad

Northcentral edge
of concrete pad

Between concrete
pad and concrete
block building

Location Rationale

Delineate soils south of the
former distillation bullding

Delineate soils south of the
former distillation building

Delineate potential soil
contamination due to runoff
from former drum storage pad

Delineate potential soll
contamination due to runoff
from former drum storage pad

Delineate potential soll
contamination due to runoff
from former drum storage pad

Delineate soils north of
former distillation building

Delineate soils north of
former disti)lation bullding

M

Lo

O
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Boring B-8 was abandoned at 16 feet due to difficulties keeping the
borehole open during drilling; Boring B-BA was then drilled as a replace-
ment boring for that location.

2,2.2 Sampling Protocol
2,2.2.1 Sofl Samples

The soil borings were drilied to depths ranging from 20 feet to 26 feet
using a rotary drilling rig with 3-1/4-inch and 6~1/4-inch inner diameter
(ID) hollow stem augers. Soll cores were obtained continuousty through-
out the soll bortngs using 2-foot long 2-inch or 3~inch outer diameter
(0D) carbon steel split spoon samplers. The split spoons were driven
using a 140 pound hammer.

As described in the Work Plan, the soil borings were to be completed to
the top of the silt confining layer, if present, or to a maximum depth of
26 feet; split spoon samples were retalned continuously throughout the
boring column for tithologic descriptions and for chemical analyses. Two
sol] samples from each boring location were to be retained from the
unsaturated zone and subnitted for Target Compound List (TCL) organic and
Target Analyte List (TAL) inorganic parameters. Soil samples were to be
coltected from the 0,5-foot to 2-foot Interval and the 2-foot interval
just above the top of the water table, unless elevated organic vapor
readings were recorded from head space analyses. If elevated organic
readings were encountered, the sample fintervals were to be selected from
the intervals with the highest levels. In addition, If the silt confin-
ing layer was encountered, one soil sample from the interval Jjust above
the silt was to be analyzed for TCL volatile compounds,

2.2.2.2 Field Quality Control Samples

Fleld rinsate blanks, &rip blanks, and field duplicate samples were
submitted for chemical analyses with the soll samples in accordance with
t?e Qﬂﬁﬁﬁﬁ%’ detatled in Section 9.2 of the Quality Assurance Project
Plan '

2,2,3 Analytical Parameters and Methods

Twenty-three samples were submitted for chemical analyses. Of these
samples, two were field duplicate samples. A sample summary table
presenting the soil sample locations, depths, and anmalytical parameters
s presented as Table 2-1, Sixteen samples were submitted to the
Industrial and Environmental Analysts, Inc. (IEA) laboratory in Cary,
North Carolina, for TCL organic and TAL inorganic analyses. Seven sofl
samples were submitted to IEA for TCL organic analyses.
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A1l analyses were performed in accordance with the procedures contained
in the Work Plan and QAPJP, In addition, a laboratory audit for inor-
ganic analyses was performed by BCM on December 19, 1990. The laboratory
audit report was submitted to DNREC January 4, 1990 (Appendix A-~5),

2.3 STRATIGRAPHIC INVESTIGATION

The statigraphic investigation was conducted to provide offsite 1itho-
logic information, specifically to delineate the horizontal extent of the
s11t confining layer present at approximately 20 feet below the site.
Five stratigraphic borings (CSB-1 through CSB-5) were drilled to a
maximum depth of 43 feet. Boring logs for the stratigraphic borings are
contained in Appendix D, In addition, two Shelby tube samples of the
confining layer were obtained from borings CSB-2 and CSB-4; these samples
were analyzed for physical parameters,

The stratigraphic borings were drilled from December 4 through 7, 1990,
and from February 28 through March 8, 1990, Generally, the borings were
conducted in accordance with the specifications contalned in the HWork
Plan. Any deviations/medifications are addressed below.

2.3,1 Sample Locationg

The stratigraphic borings were located along a 1ine situated approxi- :
mately parallel with the axis of the groundwater flow direction (Figure ( )
2-2). A listing of the boring locations and a description of the '
location rationale are presented below.

Boring Location

Name  Description Location Rationale

CsB-1 Southeastern edge Upgradient position
of property

CSB-2 American Roofing Downgradient position
and Siding Co.
property

Durham property Farthest downgradient
position

Lambertson property Nearest downgradient
position

Route 13 median Downgradient position
near well 39A
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Field boring locations were discussed with and approved by DNREC prior to
intttation of field activities,

2.3.2 Sampling Protoco]

The sotl borings were drilled wusing 3-1/4-inch, 4~1/4-inch, and
6~1/4-1nch hollow stem augers, Soll cores were obtained from each boring
beginning at 10 feet using 2~foot-long 2-inch OD split spoons; the cores
were obtained continuously from 10 feet to the bottom of the borehole,
which was elther the base of the confining layer, or 35 feet {f the
confining layer was not encountered.

A1l split spoon samples were scanned with an HNu or OVA as they were
removed from the borehole and after each spoon was opened, Organic vapor
readings from these scans are contalned on the boring logs in Appendix
D, In addition, head space readings were obtained for each sample.

Samples of the silt layer were obtained from CSB-2 and CSB-4 using 3-inch
0D thin-walled Shelby tube samplers, These samples were analyzed at the
Hoodward-Clyde Laboratory in Plymouth Meeting, Pennsylvania, for vertical
coefficient of permeability and graln size distribution. Since the
confining layer was not encountered at the other locations, no Shelby
tube samples were obtained from those borings.

2,3,3 Analytical Parameters and Methods

Samples CSB-1 (22-24) and CSB-2 (22-24) were analyzed for vertical
coefficient of permeabllity and gratn size distribution using ASTM
methods. Immediately upon retrieval, both ends of the Shelby tube
sampler were sealed with wax; the tubes were stored upright and delivered
to the Woodward-Clyde Laboratory for analysis,

2.4 GROUNDWATER INVESTIGATION

The groundwater finvestigation included the fnstallation of seven offsite
monitoring wells and chemical analyses of groundwater from 14 onsite and
offsite locations,  Seven monitoring wells were installed from
December 6, 1989, through March 12, 1990, Of these wells, four were
designed to monitor the shallow sand aquifer and three were designed to
monitor groundwater in the intermediate zone of the aquifer beneath the
confining layer.

2.4.1 Monitoring Hell Installation

Seven monitoring wells were completed as part of the remedial investiga-
tion (Figure 2-2). These wells were installed to provide additional
information needed to more completely delineate the horizontal and

2-5
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vertical extent of the groundwater contaminant plume associated with the
site, In addition, these wells may be used for future monitoring of the
plume, if necessary, i

2,4,1,1 Monitoring Hell Designations and Locations

Hell identification numbers (e.g., MHS-6-25) consist of four components.
The first component ("MW") designates a monitoring well. The second
component designates the aquifer zone monitored by the well; "S" desig--
nates a shallow zone well and "I" designates an intermediate zone well. .
The third component 1s a number from 1 through 7 indicating the location'
designation of the well. The fourth component is the bottom depth of the!
screened Interval in that well, .
A summary of the monitoring well locations, well depth, and location
rationale 1s presented below,

Hell Location
Name Description Location Rationale

MHI-~1-43 Southeastern corner Upgradient, intermediate
of property aquifer zone

MHI-2-40 American Roofing Downgradient, intermediate
and Siding Co. aquifer zone
property

MHS-3-17 American Roofing Downgradient, shallow
and Siding Co. aquifer zone
property

MWI-4-40 Durham property Downgradient, intermediate
aquifer zone

MHS-5-18 Durham property Downgradient, shallow
aguifer zone

MHS~6-25 Stein property Downgradient, shallow
north of former aquifer zone
Mobi1 Station

MHS-7-25 Route 13 median Downgradient, shallow
north of Route 42 aquifer zone
intersection

Monitoring well Jocations were selected in the fleld with the approval of!
DNREC prior to initiation of field activities, :
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2.4,1.2 Monitortng Kell Construction
Shallow Zone Hells

Shallow monitoring wells were drilled ustng 6-1/4-inch ID hollow stem
augers. Soll cores were retained continuously throughout the boring
using 2-inch 0D split spoon samplers; these cores were scanned with an
Hiu and/or an OVA. Lithologic descriptions for each well are included in
the well logs contained in Appendix E.

The specifications for the shallow zone monitoring wells were designed to
provide iInformation about the sand aguifer above the silt confining
layer. The wells were to be screeped above the confining layer, if
present, If the confining layer was not encountered at a location, then
the well would be constructed to screen a 10-foot interval from 15 feet
to 25 feet below the ground surface. A schematic representation of
monitoring well construction detall s shown on Flgure 2-3,

After each boring was advanced to the required depth, the monitoring well
was constructed using 2-inch ID schedule 40 polyvinyl chloride (PVC)
casing and screen, All well screens were factory-slotted with 0,010-~inch
or 0.020-inch slnts; the 0,010-inch screens were installed at locations
were the aquifer contalned significant fine matertal. The casing,
screen, and bottom cap were connected with threaded flush joints; no glue
was used, Between 7 and 10 feet of screen were used in each well depend-
ing upon 1ithologic conditions. The annulus (vold between the well
casing or screen and the boring wall) was packed to at least 1 foot above
the screen with a clean silica sand,

A bentonite pellet seal was placed on top of the sand pack, above which a
cement-bentonite grout was emplaced up to grade. A locking protective
steel casing was inserted a minimum of 3 feet into the grouted annulus.

Intermediate Zone Monitoring Wells

Section 4.5.2 of the Work Plan contains specifications for construction
of the three fintermediate 2zone monitoring wells. However, only well
MWI-1-43 was constructed as proposed in the Work Plan. The silt layer
was not encountered or was too thin to seal off with an outer steel
casing in the other two wells (MWI-2-40 and MWI-4-40), A schematic
representation of monitoring well detall is shown on Figure 2-3,

To determine the depth and thickness of the silt confining layer at the
MAI-1-43 location, a stratigraphic boring (CSB-1) was driiled using
6-1/4-Inch hollow stem augers. This boring was abandoned and grouted to
the surface. Hell MHI-1-43 was then drilled using the mud rotary
drilling method. A 10-inch diameter borehole was drilled to the top of

-1
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the si1t at 23 feet. A 6-inch steel outer casing was then driven one
foot into the silt layer and set at 24 feet; the annulus between the
casing and the borehole was tremle grouted with a cement/bentonite
mixture. After allowing the grout to set overnight, the boring was
advanced to 43 feet (15 feet below the bottom of the silt layer)., The
well was constructed using 10 feet of 2-inch ID schedule 40 PVC with
0.020-inch screen, A filter pack consisting of No, 1 Jessie Morle sand
was Installed from the base of the borehole to 31 feet, An 8-foot thick
granular bentonite seal was installed above the filter pack; the annular
space above the seal was tremle grouted with a cement/bentonite mixture,

Wells MWI-2-40 and MWI-4-40 were installed using specifications similar
to those for shallow zone wells, Since the confining layer was not
encountered at these locations, no outer steel casing was installed,
Both wells were constructed using 10 feet of 0.010-inch screen which was
set to a depth of 30 feet to 40 feet below the ground surface. Prior to
modifying the well specifications, BCM contacted ONREC and received
approval of these changes,

2.4.1,3 Monitoring Hell Development

Al) monitoring wells were developed by over-pumping using a centrifuga)
pump, As detalled iIn Section 4.5.4 of the HWork Plan, each well was
developed for a maximum time period of 1 hour or unti) sediment free flow
was obtained, Only one well (MWI-4-40) was developed for less than one

hour. - C:D

Several of the wells were also surged with a 5-foot long, 1-1/2-inch
diameter PVC slug; the slug was moved up and down fn the well to allow
water to move into and out of the well through the well screen.

Development water was discharged into 55~gallon drums, Organic vapor
readings were measured In the drum headspace using an QVA, No elevated
OVA readings were encountered during development of any well. This water
was then discharged to the ground,

2.4,2 Groundwater Sampling

Groundwater samples were retained for chemical analyses from 14 locations
from April 4 through April 9, 1990, A groundwater sample summary,
including well name, sampling methodclogy, and analyses performed, is
presented as Table 2-2, Several modifications to the groundwater
sampling protocol described in Section 4,5.5 of the Work Plan were made.
Prior to Initiation of sampling activities, BCM submitted an addendum to
the Work Plan to DNREC on April 1, 1990 (Appendix A-6), Modifications
con:?lned In the Work Plan Addendum are discussed in the following
sections.
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2.4,2,1 Sampling Locations

Groundwater samples were obtalned from eight offsite shallow wells (22A,
26A, 39A, 41A, MWS-3-17, MWS-5~17, MWS~6-25, and MWS~7-25), one onsite
shallow well (33A), two onsite intermediate wells (5B and 9B), and three
offsite intermediate wells (MWI-1-43, MHI-2-40, and MWI-4-40). In
addition, fleld duplicate samples were obtained from wells 26A and 9B.
Split samples were also obtained for EPA by CDM personnel from Wells 41A,
MWS~5-18, and 9B; a fleld duplicate was also obtained from Well 9B, A
groundwater sample summary for the EPA split samples {s contained in
Table 2-2.

These sampling locations were selected to provide groundwater quallty
information for several areas of the sand aquifer. The elght offsite
shallow wells were used to characterize the magnitude and extent of the
contaminated stug of groundwater which apparently exists downgradient of
the site in the shallow zone. Data generated from the five intermediate
wells were used to evaluate the magnitude and extent of contamination in
the intermediate zone beneath the silt confining layer., Data from the
shallow onsite well were used to evaluate the magnitude of contamination
remaining onsite in the shallow zone,

Of these wells, 33A and 41A were not included In the sampling program
contained in Section 4.5.5 of the Work Plan. Hell 33A was sampled
{nstead of the recovery system; the recovery system pump could not be
started due to rust. Selection of well 33A as an alternate to the
recovery system was jointly agreed to by BCM and DNREC on April 9, 1990,
Well 41A was included in the sampling event as a replacement location for
well 28A, which has been paved over with asphalt (Appendix A-6),

2,4.2.2 Sampling Protocol
Groungwater Samples

Wells were sampled in accordance with the procedures detalled in the Hork
Plan and the Work Plan Addendum. Due to the diameter of many of the
DNREC monitoring wells (0.5-inch ID), these wells were purged and sampled
using a peristaltic pump; wells with a sufficlently large diameter were
sampled using 2-1nch OD Teflon batlers (Table 2-2),

All volatile samples, except for trip blanks, were preserved with hydro-
chtoric acld in the field by BCM personnel. Inorganic analyses were
performed on both unfiltered and filtered samples at all locations. The
samples were filtered in the fleld using a nitrogen pressure filtering
unit with a 0.45 micron filter,
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Field Quality Confro] Samples

Fleld rinsate hlanks, trip blanks, and fleld duplicate samples were
retained and submitted for analyses In accordance with the procedures
detalled in Section 9,2 of the QAPJP.

2.4.2.3 Analytical Parameters and Methods

ANl groundwater samples were analyzed for TCL organic compounds and TAL
fnorganic compounds by IEA. Analyses were performed in accordance with
the protocol contained in Attachment 5 of the QAPIP.

2.4,3 Hell Elevation Survey

A survey to determine the horizontal location and vertical reference
elevations of the seven monitoring wells was conducted by J.G. Park
Assaclates, Inc. (J.G. Park) of Hashington Crossing, Pennsylvanla, The
survey was performed June 4 and June 5, 1990, The reference elevations
for the seven monitoring wells instal'ed as part of this remedial finves-
tigation are provided on Table 2-3,

In addition to locating the newly installed monitoring wells, J.G. Park
delineated site topography. A topographic contour map, with 1-~foot
topographic contours, was provided for this purpose, J.G. Park alse
resurveyed the existing onsite monitoring wells, the existing onsite
buildings, and the location of Routes 13 and 42 in the vicintty of the
site.

A site survey had been conducted for DNREC by Robert L. Larimore of
Wyoming, Delaware, on March 11, 1986, This survey was used to construct
the stte maps included in the Work Plan. Information from both surveys
was combined to construct the site maps included in this report, A
summary of the well specifications for all monitoring wells installed by
DNREC, including total depth, reference elevation, and status, fis
provided in Table 2-4,

2,4.4 Hater Leve] Measurements

To determine the hydraulic head distribution in the shallow and Inter-
mediate aquifer zones, two rounds of water level data were collected from
all existing monftoring wells, The water level measurements were
ob;?1ned March 27, 1990, and Apri) 4, 1990, for all existing monitoring
wells,

The water level measurements were obtained in accordance with the proce-
dures contained in Section 4.5.6 of the Hork Plan. A summary of the
measurement procedures is outlined below,
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The well cap was opened and the well head organic vapor
readings were recorded using elther an OVA or HNu.

Depth~to~water measurements were recorded from the top of the
inner casing (or from the top of the outer casing If only one
casing was present) wusing an electronic water level
instrument. .

As the probe and cable of the electronic water level record-
ing Instrument were removed from the well, they were scrubbed
with a soap and delonized water solution and then rinsed with
de}?nized water to prevent cross contamination between the
wells,

The well name, OVA reading, time, depth-to-water, and refer-
ence elevation, were recorded in a hound field book, which is
stored fn BCM central files,

Potentiometric surface contour maps were constructed for the shallow and
Intermediate aquifers for both the March 27 and April 4 dates. Ground-
water elevation data were calculated from the water level measurements
and well reference locatlons; these data were then plotted on a map at
the appropriate location and contour lines were plotted. Evaluation of
these data 1s discussed in Section 3.2,2,
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TABLE 21
SOIL SAMPLE SUMMARY

CHEM-SOLY, INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

SAMPLE SAMPLE ANALYTICAL
NAME* DATE PARAMETERS

CSB-1 (22:24) 12/05/89 GRAIN SIZE; COEFFICIENT OF
PERMEABILITY
0SB-4 (20-22) 03/07/90  GRAIN SIZE; COEFFICIENT OF
PERMEABILITY

CSB-6 (0.52) 12/14/89 TCL ORGANICS; TAL INORGANICS
CSB.6 (6-7.9) 12/14/89 TCL ORGANICS; TAL INORGANICS
CSB-6 (196-19.9) 12/15/89 TCL VOLATILE ORGANICS

CSB-7 (4-6) 12/13/89 TCL ORGANICS; TAL INORGANICS
CSB-7 (8-10) 12/13/89 TCL ORGANICS; TAL INORGANICS
CSB-7 (20.5-208) 12/14/89 TCL VOLATILE ORGANICS

CSB-8 (0.5:2)" 02/22/%0 TCL ORGANICS; TAL INORGANICS
CSB-6D (0.5:2)*" 02/22/90 TCL ORGANICS; TAL INORGANICS
CSB-8 (2-4) 02/22/90 TCL ORGANICS; TALINORGANICS
CSB-8A (18-20) 02/26/90 TCL VOLATILE ORGANICS

€S89 (2-4) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-9 (4-55) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-9 (19,5-20) 02/27/90 TCL VOLATILE ORGANICS
CSB-10(0.52) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSE-10 (2-4) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-10 (18-185)™ 02/27/90 TCL VOLATILE ORGANICS

CSB-11 (0.5-2) 12/19/89 TCL ORGANICS; TAL INORGANICS
CSB-11D (052) 12/19/89 TCL ORGANICS; TAL INORGANICS
CSB-11 (6+6) 12/19/89 TCL ORGANICS; TAL INORGANICS
CSB-11 (204-20.7) 12/20/89 TCL VOLATILE ORGANICS
CSB-12(0.5-2) 12/18/89 TCL ORGANICS; TAL INORGANICS
CSB-12 (2+4) 12/18/89 TCL ORGANICS; TAL INORGANICS
C8B-12 (21,7-22) 12/19/89 TCL VOLATILE ORGANICS

TAL Target analyte list
TCL Target compound lst
* Sample name denotes the horing location and the depth, In feet, halow tha
qground surface that the sample was obtained from.
** EPA split sample retained by COM for analyses

Source: BCM Engineers Inc. (BCM Projuct No, 00-6012-02)
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TABLE 2-3
MONITORING WELL SPECIFICATIONS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Total Well Depth  Screened Interval Reference Elevation (ft., NGVD)
Well (ft., below ground) (ft. below ground)  Outer Steel Casing Inner PYC Casing Ground Surface

MWI-1-43 43 33-43 49.88 49.67 48,20
MWI-2:40 40 30-40 43.11 42,61 43.04
MWS-3-17 17 47 4017 39,81 40,13
MWi-4-40 40 30-40 41.01 40.90 1.0
MWS-5-18 18 5.18 40.92 4097 40.91
MWS-6-25 25 15-25 41.41 40.90 41,45
MWS-7-25 25 1525 41.04 40,25 41,08

NGVD National Geodetlc Vertical Datum

Source: BCM Englneers Inc. (BCM Project No, 00-6012.02)
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TABLE 24
WELL SPECIFICATIONS
ONREC MONITORING WELLS AND DOMESTIC WELLS
CHEM:SOLY, INC. SITE ARMEDAL INVESTIGATION
CHESWOLD, QELAWARE

SCREEN  TOTAL  REFERENCE STATVS
DATE  QIAMETER MATERIAL  LENGTH DEATH  ELEVATION FINAL ASOF
WELL CAILLER INSTALLED  (ncnew)  icanng/acreen)  dueti ) ", NOVD)  SEAVICE (1)

1Y Handen corarine 40 overpve 9o 200 L] Monitoning Cowvoysa

2A Hanaem canree 40 overpve ‘00 (k4] 400 Monitaring ASlive

L Handea Conr/ee 40 Secipve '0Q %0 £ Manianng Active

W randex QUM 1] aveipYe 0o 170 T4 Hanitonng Active

[y randex QaraTi 49 ovaIpve 00 170 LLEH Monitenng Active

4R fanh Oata  CO/20/88 40 Hee1/pve 0o 200 4403 Recavery

18 EannOmia 08/12/88 [}] enipve 00 200 448 Yonitonng

[1:] Butne 1120/ a0 ave/pve L]} 00 e AMonianng

TA Burne 11730/84 a0 PeC/pve 100 8.0 o Moenitonng

] Butns 11/30/84 40 [ 100 %00 4118 Manitoring

L1} Butns 1112984 40 VeIAVE 100 190 2.3 Manaring

(] Burne 1129784 40 pvelpve 100 100 230 Manitaning

9A Sutns 11128/04 40 avsIpve 0o 1] 624 Manionng

98 Bum 11129/84 LT 0o 400 00 Mondenng

10A EannData  08/16/88 Hoel/pve 14 178 40 Monionng

1A Eann D 08/16/03 tenpve 15 s 4348 Manitenng

124 Eantn Dals 08107488 yeet/pve '8 179 AR Manitoring

134 EannOmin C8/13/83 seel/pve '8 180 45.43 Monitaring

1A EartnOata  £68/12/84 1ieeiipve (K} 178 4428 Manioring

1A SanOma  08/22/83 Atenlipvo X] 10 159 Maniaring

18A EannData  (8/22/05 seslipve 15 170 48 Montonng

174 EsnnOata  08/22/0% senpve 13 175 L) Honitonng

8A Eanh Oata  C4/22/08 el/pve 15 170 ara Sontonng  Cesiroyear

19A EannQais  €8/22/8% Henipve 'y 170 4868 Menitonng Active

20A8 Eann Data  C9/18/8% HeeHRYG 190 188 114 Recovery Active

H1Y €anh Oate 097108783 Heelipve 14 160 UN Mamitoning Sestroysa

A EannOsta  09/19/88 fesl/pve '8 170 LR Manitoting Actve

A Earth Oata  €9/20/83 Coenjpve 14 170 290 Montoring  Costroyea®

24A Earth O £9120/8% SI0pYe ] 170 247 Monnenng Actve

254 EannCata  09/20/83 Healipve 1} 173 2u Mantonng Active

WA EathOata  09/20/08 stenl/pve 15 175 N Monitenng Active

ara EannData  (9/26/08 Heolipve 15 175 an Monitering Oeatroyed®

204 Eanin O C9/26/08 fieel/pve 13 188 a2 Monitoting Cestroysa

294 Eann Data  09/20/88 Heeljgve 15 170 H"n Monitening Destrayen

WA Eanh Data  10/07/8% Heolfpve 15 170 UN Monitonng Cestioynd B
A EannOata  10.04/83 wo Moniaring Aciive

2R Eann Dats  10:04/03 100 £ Recavery Active

A EanhOsta  10/07/8% Jeepve 15 Monitenng Actve

AR Eann Qata 10/22/88 steel/ove ‘00 Racovery Active

AR Earn Onta 10116188 e 0o § Reasovery Aive

k1 EanhData  10/18/8 Hetiave 120 . Recovery Ative

By EannOata  C6/18/8% 1eeirave 15 Momronng Hishng

28A EannOats  Ca/v8/08 itenliove 14 Monitoning Active

1A EannOata C6/18/88 Heapve 15 Mandonng Active

40A EinnOatn 0810488 15 Mannonng Centrayed

A EannData  €4/10/88 15 Monionng Active

424 EannData  Ca/18/88 steel/pve ‘5 3 Monionng
AR EannData  C0,00/88 Henl/seni 120 ! Recovery
“A Eann Data  08/10/88 20 . Monitering
45A N "uN ave/pve Montoring
438 EatnData  (5/10/88 el fpve { Manitoring
4BA UN UN UN Manvenng
4TA uN uN UN Moniienng
484 uN uN aveipve Monitering
Simen UN uN uN Oomestis
Lamoensin UN UN uN Domestio
Humia uN uN UN Domesne
Phillien UN uN N Pomestia
Kilen Johnswell  Q4/83 uN . Domesto
Quaim-Corley uN UN UN Comestio
Jonnsan RudyByler  02/18/72 UN | Domeswo
Outnam 970 1 Oomesic
Cate Oomesne
Am, Racting ! Domeaue
GevnanQid Qomesne
GewnaNew  JohnPFuhr  09/11/88 1 . Comese
Willsms Litenme 19747 UN Comestc
Gassawty uN UN Comesne
Wickes UN UN uN
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3.0 ENVIRONMENTAL SETTING

3.1 REGIONAL SETTING

3.1.1 Physlography

The Chem-Solv site is located within the Atlantic Coastal Plain physio-
graphic province, which is characterized as a serfes of unconsolidated or
partially consolidated sand, gravet, silt, and clay layers. These
sediments form a wedge which dips and thickens to the southeast, The
thickness of the Coastal Plain sediments 1s approximately 3,300 feet in
the vicinity of the site, This section of sediments consists of the
Mocene Calvert Formation of the Chesapeake Group which {s overlain by
the surficial Columbta Formation. Regional geologic {nformation is
addressed with the local geologic setting in Section 3.2,1,

3.1.2 Climate

Climatological data for the region 1s available from the Dover, Delaware,
weather station,

Long~term climatological data are avajlable from the National Oceanic and
Atmospheric Administration's (NOAA) Dover, Delaware, observation sta-
tion. A monthly summary of average temperature, precipitation, and wind
data for 1989 {s provided in Tables 3-1 through 3-3.

3.1.3 Demographics

The total population of Kent County, Delaware, is 105,200, based on 1986
U.S. Census data, HWith a land area of 595 square miles, the number of
pecple per square mile averages 176.8, The ratlo of males to females In
the county in 1984 was 94,7:100, Per capita personal {income was
$10,585.00 in 1984,

3.1.4 land Use

The Chem-Solv site is located in an area zoned for agricultural, commer-
clal, and residential land use, Strip development, conststing of commer-
clal establishments and private residences, is found on both sides of
Route 13 in the immediate vicintty of the site (Figure 3-1),

Immediately south of the site, also on the west stde of Route 13, 15 an
abandoned field which was part of a former drive-in theatre. The field
extgnds behind the site to the west, South of this fleld Is a lumber
yard,

AR3010L6
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A one-story block bullding 1s located immediately to the north of the
site, This structure was assoctated with a former truck stop/restaurant/
fueling establishment, It s believed that this truck stop may have
operated two underground storage tanks (USTs) during its lifetime, The
rematnder of the truck stop property 1s vacant. An antique furniture/
refinishing store is located to the north of the former truck stop on the
extreme southwestern corner of Routes 13 and 42 intersection. A church
and cemetery are adjacent to the furniture store to the west. Across
from the church, on the north side of Route 34, 1s a gasoline station/
convenience store, A vacant lot, which used to be the site of a used car
business, s located next to the convenience store on the extreme north-
western corner of the intersection of Routes 13 and 42,

An abandoned gasoline statfon is located on the northeastern corner of
the intersectton of Routes 13 and 42, A furniture store is located on
the southeastern corner of this intersection, but both DNREC personne)
and local residents indicated that a gasoline statlon was formerly
located there. It 1s uncertaln, but )lkely, that USTs were uttlized to
store fuel at both former gasoline stations.

Both sides of Route 42 proceeding east from Route 13 contain private
homes, ‘with the exception of the cases described above. A roofing
business, a residential home, and a used truck business are all located
across Route 13 from the site (proceeding south along Route 13 from the
furntture store),

A Pennsylvania rallroad 1ine 1s located approximately 3,000 feet west of
the Chem-Selv site, The rail 1ine runs In a north-south direction.

3.2 SITE SETTING

3.2,1 Geology

The Chem-Solv site 1s located within the Coastal Plain Physiographic
Province which is characterized as a serles of unconsolidated or par~
tially consolidated sand, gravel, silt, and clay layer. These sediments
form a wedge which dips and thickens to the southeast. The thickness of
the Costal Plain sediments 1s approximately 3,300 feet in the vicinity of
the site, This section of sediments consists of the Miocene Calvert
Formatton of the Chesapeake Group overlain by the surficial Columbia
Formation, Figure 3-2 shows a general profile of the geologic section
under the site, '

Local geologic conditions are summarized in the following sections.
Available DNREC monitoring well logs are provided in Appendix F, Logs
for the wells and borings installed for this remedial fnvestigation are
provided in Appendices D and E.
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3.2,1.1 Solls

The Columbia Formation, a non-marine fluvial deposit, outcrops at the
Chem-Solv site. This formation 1s locally characterized by unconsoli-
dated, moderately-to-poorly sorted, coarse to fine, brown to orange
quartz sand. Thin clay, siit, and gravel interbeds are common within the
formation,

The surficial sediments of the Columbia Formation are immediately under-
lain by the Mlocene-age sediments of the Chesapeake Group. These sedi-
ments are characterized by gray to bluish-gray silts that are commonty
fossi1iferous, and sometimes sandy. This wedge of sediments begins just
south of Middletown, Delaware, and reaches a maximum thickness of 1,550
feet at Fenwick Island (Sundstrom and Pickett, 1968). The nature of
these sediments suggests that they were deposited through a series of
marine transgressive and regressive sequences,

3,2,1.2 Stratigraphy

The Columbia Formation ranges 1in thickness from 20 to 40 feet in the
vicinity of the site, Wells and borings at the site have encountered a
si1ty confining layer (approximately 1 to 6 feet thick) at approximately
18 to 23 feet below grade at the site. This confining layer separates
the upper and lower portions of the water table aquifer,

This confining layer extends offsite to the Route 13 median, The silt
layer was encountered in boring CSB-4 and MWS-3-17, located on the
Lambertson property and the American Roofing property, respectively,
This confining layer was not encountered at any other offsite location.
A second silt confining layer was encountered at shallower depths
(approximately 14 feet below grade) at borings CSB-2 and CSB-3 and well
MHS~6-25. This confining layer 1s not laterally continuous with the silt
layer encountered beneath the Chem-Solv site.

3,2,2 Hydrogeology

The average depth to groundwater s approximately B feet below ground
surface at the site, Due to its limited saturated thickness, only
domestic well water needs can be met from this aquifer. However, the
aquifer is a source of recharge for deeper artesian aquifers and provides
baseflow to local streams. The Columbia Formation is underlaln by a dark
clayey silt of Miocene age. The clayey silt acts as a confining layer
between the Columbia Formation and the underlying Cheswold aquifer of the
Calvert Formation,

Groundwater level measurements were obtalned March 27 and Apri) 4, 1990,
Hater level measurements and the resulting groundwater elevations are
provided in Table 3-3. Potentiometric surface contour maps of the water
table (shallow 2zone) aquifer are provided as Figures 3-3 and 3-4,
Potentiometric surface contour maps for the Intermediate zone aquifer are
provided as Figures 3-5 and 3-6.
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Water levels {n the intermediate zone are slightly deeper under non-~
pumping conditions than levels in the shallow zone. A difference tn head
of between 0.59 and 0.70 feet was commonly observed,

Calculated water table gradients of the shallow zone varied from 0.0014
and 0.0035 In previous {nvestigations (CABE, 1987); these gradients
ranged from 0,013 to 0.0017 in March and April 1990, Groundwater flow
direction s roughly north to northeast; however, groundwater movement in
the intermediate zone s roughly parallel to that in the shallow zone (in
a northeast direction). Previously calculated horizontal gradients of
the piezometric surface of the intermediate zone varied between 0.00025
and 0.0009 (CABE, 1987); gradients 1in the intermediate zone varied
between 0.0025 and 0,00091 in March and Aprtl 1990,

CABE conducted pumping tests in six wells to determine the hydrauiic
properties of the shallow zone. Because of the varying duratton of the
tests, the varying distances between pumping and observation wells and
the nature of the aquifer, there was a significant diversity of response
fn the observation wells, In some instances, the tests indicated a
response typical of a confined aquifer. In others, the response was
similar to a water-table aquifer. Hhere possible, values of transmissiv-
fty (T) and storativity (S) were calculated from straight 1ine segments
of seml-logarithmic plots.

CABE calculated transmissivity values which ranged from 1,429 gallons per
day per foot (gpd/ft) to 11,330 gpd/ft. Calculated storage coefficients
ranged from 0.008 to 0,159, Using a transmissivity of 2,200 gpd/ft, a
value of 9.5 feet for the average saturated thickness of the shallow
zone, then the average hydraulic conductivity (K) is calculated to be 232
gpd/fte or 31.0 ft/day.

A groundwater flow velocity for the shallow zone was calculated by CABE
that ranges between 0,30 and 0,75 ft/day. This calculation is based on
an average hydraulic conductivity of 31 ft/day (K), a gradient between
0.0014 and 0.0035 and an average porosity of 0.15. For the March and
April 1990 data, using a horizontal gradient between 0.013 and 0.0017
produces flow velocities ranging from 0.35 to 2.7 ft/day,

CABE conducted one pumping test in a well finished in the {intermediate
flow zone (0B-45B), The well was pumped for 1 hour at a rate of 21.4 gpm
on June 18, 1986, A transmissivity value of 31,386 gpd/ft and a
storativity value of 1.45 x 10~ was calculated from the test data.

Because the thickness of the intermediate zone 1s not known, CABE could
not directly calculate a hydraulic conductivity (K) for the zone from the
transmissivity value. Assuming that the aquifer fs approximately 50 feet
thick, the average hydraulic conductivity would be approximately 600
gpd/ft or 80 ft/day., If the effective porosity of the formation is 0,15,
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the average groundwater velocity in the iIntermediate zone under non-
pumping conditions 1s approximately 0.2 feet/day. CABE concluded that
the retatively low vetocity 1s a direct result of low hydraullc gradl-
ents, For the March and April 1990 data, using a horizontal gradient
betwe:n/g.oozs and 0.00091 produces flow velocities ranging from 0,19 to
0.52 ft/day,

CABE concluded that the clay layers separating the shallow and intermedi-
ate zones had continuity and possible areal extent, Information obtained
during the stratigraphic investigation indicates that the clay layer has
a limited areal extent. The layer I|s present under the Lambertson
property (Boring CSB-4) from 19.5 to 23.2 feet below grade and the
American Roofing property (Hell MWS-3-17). However, a thin (approxt-
mately 1 foot thick), discontinuous c¢lay lens was found extending from
the Route 13 median to the northeast corner of the intersection of Routes
13 and 42 (Borings CSB-3 and CSB-5, and Hell MWS-6-25); this layer is
shaltower than the silt layer bepeath the Chem-Solv site (approximately
13 feet below grade). The clay found beneath the Chem-Solv site has
continuity in the immediate vicinity of the site, but the areal extent is
limited to the Route 13 median,

3.2.3 Surface Features

The principa) reglonal surface water features Include the Leipsic River,
Garrisons tLake, Masseys Millpond, St. Jones River, and Silver Lake
(Figure 3-7), The Leipsic River, which runs approximately east-west, s
Tocated 1.3 miles north of the site; the Alston Branch runs north-south,
approximately 0.4 miles from the site. Masseys Millpond and Garrisons
Lake, which are located along the Leipsic River, are situated approxi-
mately 2.5 miles and 1.5 miles northwest of the site. Silver Lake, which
fs located along the St. Jones River, fs located 3.2 miles southeast of
the site., The St. Jones River runs approximately north-south along the
eastern edge of Dover, Delaware,

Site topography is fairly flat (Figure 3-8), A surface depression runs
east-west along the southern site boundary; this depression resulted from
the excavation and processing of 1,300 cy of soil during site sofl
remediation activities in 1985, Because this sofl has been mechanically
reworked, 1t has different physical characteristics from the surrounding
undisturbed soil, As a result, surface water tends to collect in this
depression foltowing rain,

The site ts generally well vegetated, A description of vegetation types
Is provided in Section 5.6.3.
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Figure 3-2

Geologic Cross-Section
of Kent County

BCM Project No. 00-6012 02
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CHEM:SOLY, INC, SITE
Remedal iwestigation
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Figure 3-7
Regional Surface Water Bodies
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CHEM-SOLV, INC, SITE
Aemaal investigation
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Topographic survey performed by J.G, Park Assoclates Inc, of Washington Crossing,
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SECTION 3.0
TASLES
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TABLE 3-1

AVERAGE MONTHLY TEMPERATURE DATA
DOVER AIR FORCE BASE

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

Month Average Temperature (°F)*

January Kki
February 36
March 43
April 53
May 63
June 12
July 76
August 75
September 68
October 58
November 47
December 37

* Monthly averages compiled from December 1942 through August 1986,

Source: U,S. Department of Commerce
Nationa) Oceanic and Atmospheric Administration
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TABLE 3-2

AVERAGE MONTHLY PRECIPITATION DATA
DOVER AIR FORCE BASE

CHEM~SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Month Average Precipitation (inches)?

January 3.0
February 3.0
March 3.9
April 3.2
May 3.4
June 3.2
July 4.3
August 4.4
September 3.5
October , 3.0
November 3.5
December 3.5

* Monthly averages compiied from December 1942 through August 1986,

Source: U.S. Department of Commerce
National Oceanic and Atmospheric Administration
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TABLE 3-3
AVERAGE MONTHLY WIND DATA
DOVER AIR FORCE BASE

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESHOLD, DELAWARE

Month Prevailing Direction* Average Speed*

January HNH
february NW
March NH
April

May

June

July

August

September

October

November

December

N Y BN WY U Oy~ 0~ o

* Monthly averages complled from December 1942 through August 1986,

Source: U,S. Department of Commerce
Natfonal Oceanic and Atmospheric Administration
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4.0 NATURE AND EXTENT OF CONTAMINATION

4.1 AIR CHARACTERIZATION

BCM conducted an air finvestigation on October 16, 1989, to evaluate the
health and safety needs at the site prior to initlating sampling or
intrusive activities. Organic vapor readings from 12 locations posi-
tioned around the perimeter of the site were obtained using both an HNu
and OVA, These results are presented in Table 4-1,

No elevated organic vapor readings were encountered during this
investigation,

4.2 SQURCE CHARACTERIZATION

4,2.1 DNREC Investigation Results

Soils in the vicinity of the former distillation building were analyzed
for varfous parameters by DNREC in previous {nvestigations. Approxi-
mately 1,300 cy of soll were excavated, treated, analyzed, and placed
back tnto the excavation.

As mentfoned in Section 1.2.2, SMC Martin conducted two phases of soil
sampting at the Chem-Solv facility, Although a soll sample was appar-
ently collected shortly after the September 1984 fire (CABE, 1987), no
data were avallable concerning this sample. All soll sampling discussed
below took place after the 1,300 cy of contaminated soil had been
excavated (Appendix G),

The first phase of soil sampling occurred prior to the initiation of the
soll shredding/aeration remedial process in May and August of 1985,
Sampling during phase one was designed to determine:

1. The extent and amount of contamination existing in the soil
that had not been excavated either in the resultant pit or
nearby in-place soil

The specific range of concentrations and type of compounds
present in the excavated (stockplled) solls

The second phase of soll sampling occurred during the shredding/aeration
operatton 1n September and November 1985. Phase Two sampling was
utilized to determine whether the shredding/aeration process was reducing
the amount of volatile organic compound (VOC) contamination 1in the
excavated soil,
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4,2.1,1 Phase One Soil Sampling

On May 1, 1985, SMC Martin collected 11 Phase One soi] samples. Six of
these were grab-sampled from 6 inches Into the excavation sidewall, two
were grab-sampled from 6 inches into the floor of the excavation, and
three each were composite~sampled from separate 3-foot borings into the
stockpiled sofl. For detalls of sampling methodologtes, the reader is
referred to the 1986 SMC Martin report.

The 11 samples were analyzed for the following VOCs:

trichloroethylene (trichloroethene or TCE)
1,1,1~trichtoroethylene

tetrachloroethylene (tetrachloroethene or PCE)
chloroform

totuene

xyltene

However, chloroform, toluene, and xylene were not detected in any of the
May 1, 1535, samples.

Total VOC concentrations in three of six sidewall samples were 40 micro-
grams per kilogram (ug/kg), 4 ug/kg, and 120 ug/kg. In the other three
stdewall samples, none of the above VOCs were detected, In the floor
samples, total VOC levels were 132 ug/kg, and 3,640 ug/kg; in the stock-
plled soil samples, the total VOC concentrations were 131 ug/kg, 244
ug/kg, and 26 ug/kg,

Four Phase One composited sofl samples were collected on May 10, 1985,
Two samples were obtained from a 0~ to 3-foot interval bored iInto the
stockpiled soll, One sample was collected from a boring at a depth of
0.5 to 3 feet In a nearby drainage way., The fourth sample was taken from
a 6-Inch boring into the floor of the excavated pit, These samples were
analyzed for TCE, PCE, 1,1,1-trichloroethene, and chloroform, even though
chloroform and PCE were not detected in the May 1, 1985, samples.

Total VOC concentrations in the stockpiled sol) samples were 41 ug/kg and

93 ug/kg, while that in the excavation floor sample was 282 ug/kg. The

3ggple collected from the dralpage way did not contain any of the above
s,

On August 16, 1985, the Tast Phase One samples were collected. Thirteen
samples were composited from a 0- to 3-foot Interval bored into the
in-place solls adjacent to the stockpiled solls. Six of these samples
were analyzed for an indeterminable 1ist of VOCs and seven samples were
anatyzed for certaln VOCs and acid/base neutral organic compounds,
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No acid/base neutral organic compounds were detected in any of the above
samples, Two samples contalned VOCs with the total concentrations of
31 ug/kg and 1.9 ug/kg.

Twenty~-four samples were also collected from the soil stockpiles on
August 16, 1986, Thase samples were composited from 3- to 4-foot inter-
vals in boreholes up to 9 feet deep and were analyzed for VOCs. Fourteen
samples had VOCs detected with total concentrations ranging from 1.1
ug/kg to 480 ug/kg.

From the above discussion, 1t is clear that some VOC contaminated sofl
had been left in the area where the 1,300 cy of soll was excavated, The
excavation did not extend laterally far enough nor deep enough, although
the soll was apparently removed to the water tabte, In addition, the
in~place soil in the vicinity of the stockpiled solls appears to have
some minor VOC contamination. The stockpiled solls contained significant
levels of VOCs prior to soi! shredding/aeration. A summary of the Phase
Two sampling to determine the VOC removal efficiency of the remedial
process is contained In the following section.

4.2.1,2 Phase Two Soil Sampling

During the soll shredding/aeration process, soil samples were collected
before and after passage through the system to evalvate VOC removal
across the shredder, To facilitate easier handling of the material, the
entire soll stockpile was divided into eleven lots, A total of 122
samples were collected as each of the eleven lots was passed through the
shredder,

4,2.2 Remedial Investigation Resylts

During the RI investigation, samples of unsaturated soils from locations
around the edge of the former excavation were analyzed for TCL organic
and TAL inorganic parameters., Results from these soll samples were used
to determine if the undisturbed solls adjacent to the excavation con-
talned volatile contaminants assoclated with the site. In addition,
previous sampling by DNREC concentrated on characterization of volatile
organic compounds. Results of the additional organic and {inorganic
analyses were used to characterize these compounds at the site.

Sixteen soil samples, including two field duplicate samples, were
retained from unsaturated solls at seven boring locations and submitted
to the IEA laboratory for TCL organic and TAL inorganic analyses. These
samples were obtalned in December 1989 and February 1990, Seven sofl
samples, which were obtained from the interval just above the silt/clay
layer, were anatyzed for TCL volatile organic analyses. A summary of the
analytical results is presented in Table 4-2, The distribution of
organic compounds detected onsite is shown on Figure 4-1, A1l analytical
data and accompanying documentation is contained in Appendices H and I,
The data validation report for these samples 1s provided as Appendix J.
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Four split samples from three locattons were retained for EPA by COM
personnel for chemical analyses. A summary of this data is presented In
Table 4~3, The EPA data valldation reports which contain the analytical
data and documentation are contained In Appendix K.

4.2.2,1 Volatile Organic Compounds

Four volatile organic compounds, acetone, chloroform, methylene chloride,
and trichloroethene (TCE), were detected In onsite solls, However, the
presence of acetone and methylene chloride in the soils can not be
positively attributed to the samples due to contamination of the associ-
ated blanks with these compounds. The distribution and concentration of
chloroform and TCE are shown on Figure 4-1,

Chloroform was detected in three samples, CSB-6 (6-7.3), CSB-7 (8-10),
and CSB-7 ¢20.8-20.8), at concentrations ranging from 4 micrograms per
kilogram (ug/kg) to 8 ug/kg. TCE was detected In two surface samples,
CsB-8 (0.5-2) and CSB-11D ¢0.5-2), at levels of 5 ug/kg and 6 ug/kg,
respectively, TCE was not detected in the CSB-11 (0.5-2) duplicate
sample; however, the detected concentration of TCE was at the quantita-
tion 1imit for that compound and does not constitute a discrepancy in the
data set.

One soil sample from among those collected in December 1989 contained one
volatile organic tentatively identified compound (TIC) at an estimated
concentration of 10.0 ug/kg., This sample was obtained from the 0.5- to
2-foot interval of Boring CSB-12.

4.2.2,2 Semivolatile Organic Compounds

Three semivolatile organic compounds, benzolc acld, bis (2-ethylhexyl)
phthalate, and {sophrone, were detected in the soll samples. Benzoic
acid was detected In one surface sample, CSB-12 ¢0.5-2) at 290 ug/kg.
Bls (2-ethylhexyl) phthalate was found in five soll samples at concentra-
tions ranging from 78 ug/kg to 510 ug/kg, Isophrone was detected in both
samples of unsaturated soils retained from Boring CSB-10 at concentra-
tions of 3,100 ug/kg in the shallow soil (0.5 to 2 feet) and 1,600 ug/kg
in the deeper sol] (2 to 4 feet),

The presence of semivolatile organic TICs in solls was far more wide-

spread, Varjous TICs were detected in every boring. In general,

unknowns were the most prevalent class of TICs detected, as each sample

ggntaln?d unknowns, In addition, unknown ketones were detected in 11 of
samples,

The lowest total concentrations of TICs were in the two borings (CSB-6
and CSB-7) located south of the former concrete drum storage pad near the
property 1ine. (see Figure 4-1), Likewise, the highest total TIC
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concentrations were detected tn Borings CSB-10 and CSB-11, which were
located in the area near the former distillation bullding. Although the
CsB-11 (0,5-2) sample had the highest levels of total TICs (33,900
ug/kg), a duplicate of this sample contained almost 10 times fewer (3,800
ug/kg) total TICs. Espectally suspect in this sample Is the presence of
diocty) ester-hexanedioic acid at 20,000 ug/kg, which was also detected
In the blank, but not detected in the duplicate sample.

No trends were apparent with respect to total TICs or compound variation
with increasing depth. The boring nearest to the concrete office build-
fng (CSB-12) contained the greatest variety of TIC compounds. CSB-1)
(0.5-2) also contalned several different compounds, but the presence of
one of these TICs as stated above, 1s suspect. It is apparent, however,
that higher concentrations of total TICs are closer to the site of the
September 1984 spill.

4.2.2,3 Pesticides and PCBs

The pesticide 4,4'-DDT (DDT) and two of 1ts associated breakdown products
4,4'-00D (DDD) and 4,4'-DOE (DDE), were detected in- the onsite soils.
The distribution and concentration of these compounds 1in the sofls is
shown on Flgure 4-1,

DDT was detected in 10 samples at concentrations ranging from 3.9 ug/kg
to 99 7g/kg. DDE was detected in 11 samples at levels from 8.6 ug/kg to
310 ug/kg. '

DDD was reported in Sample CSB-11 (0.5-2) and the fleld duplicate at
levels of 20 ug/kg and 23 ug/kg, DDD was not reported for these samples
by IEA; however, it was determined during the BCM data valldation that
these results should have been reported (see Appendix J).

Based on the distribution pattern of these compounds in the soi! and the
proximity of the site to former agricultural fields, DDT and the related
compounds are not site-related, Hith the exceptions of Borings CSB-6 and
CSB-7, DDT and fts breakdown products were detected at similar levels
throughout the samples. In all samples, DDT was found at lower concen-
trations than DOE, findicating a long residence time in the soils, In
addition, DDT has been banned since 1974, Thus, DDT ¥s not site-related,

4,2,2,4 Inorganic Compounds

Nineteen metals were detected in onsite soils. Of these metals, the
presence of beryllium and sodium cannot be confirmed in any sample due to
contamination of the assoclated blanks for these parameters. In addi-
tion, the presence of nickel, potassium, and zinc in some samples was
questioned during data validation. A discussion of the reasons leading
to these conclusions may be found in the quality assurance review
(Appendix J),

4-5
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4,2,3 Summary

Based on an evaluation of the data, there are no compounds present in
onsite solls at levels of concern. BCM submitted a preliminary review of
this data to DNREC and EPA Region III 1n an Interim Document dated
June 1, 1990 (Appendix A-7)., EPA agreed with the conclusion that there
were no chemicals of concern in site solls (Appendix A-8).

4,3 GROUNDHATER CHARACTERIZATION

Groundwater qualfty information for the site has been collected since
October 1984, From 1984 until November 1988, DNREC conducted a quarterly
groundwater monitoring program to characterize the constituents of and
monitor the evolution of the plume. In addition, in December 1985 DNREC
fnstalled and operated a groundwater recovery system, and monitored
groundwater quality of the untreated and treated water, DNREC resumed
quarterly groundwater monitoring in June 1988; analytical data from June
1989 to the present is available. DNREC analytical results are presented
in Appendices B, C, and L.

In April 1990, groundwater from 14 monitoring wells was sampled by BCM

and analyzed for TCL organic compounds and TAL Inorganic compounds. In
addition, EPA split samples were retained by COM personnel from three
locations, BCM analytical results and accompanying documentation are
contained in Appendix M; the quallty assurance review of the groundwater C,:)
sampling results is presented in Appendix N.

A discussion of groundwater quality for the shallow zone monitoring
wells, the intermediate zone monitoring wells, and for nearby domestic
wells 1s contained in Section 4.3.1; an assessment of groundwater quality
in the vicinity of the site is provided in Section 4.3.2.

4.3.1 Groundwater Quality

The following sections presents groundwater quality information for the
site from October 1984 to the present, ONREC analytical results are
summarized in Tables 4-4 and 4-5; BCM analytical results for shallow zone
and intermediate zone monitoring wells are summarized in Tables 4-6
through 4~9; and a summary of the analytical results for the EPA split
samples 1s provided in Vables 4-10 and 4-11,

4,.3.1,1 Shallow Zone Monitoring Hells

DNREC Investigation Results
Analytical data collected by DNREC for the shallow aquifer has been

evaluated over three time perlods: (1) the period from October 1984,
when the first monitoring wells were sampled, through November 1985, when
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the groundwater recovery system became operational, (2) the period from
December 1985 through December 1988, when the recovery system was In
operation, and (3) the period from December 1988 to the present, after
groundwater treatment activities ceased, Summaries of groundwater
analytical data from 1984 to 1985, from 1986 through 1988, and from 1988
through June 1990 are presented in Tables 4-4 and 4-5.

As iliustrated in Table 4-4, VOCs were found in the shallow aquifer prior
to Initiation of the groundwater treatment system, Of these VOCs,
trichloroethene (TCE) was ldentified as the major groundwater contami-
nant, along with other associated chlorinated hydrocarbons. Maximum
detected concentrations of the VOCs ranged from 2.8 micrograms per liter
(ug/1) of chlorobenzene to 130,000 ug/l of TCE, The other 12 VOCs and
their maximum detected concentrations finclude: benzene (360 ug/1),
chloroform (669 wug/1), 1,1-dichloroethane (414 wug/t), 1,1-dichloro~
ethylene (3,200 ug/1), 1,2-dichlorcethane (30 ug/1), trans-1,2-dichloro-
ethylene (1,000 ug/1), ethylbenzene (1,100 ug/1), toluene (2,300 ug/1)
1,1, 1-trichloroethane (1,800 ug/1), m-xylene (250 ug/1), o-xylene (106
ug/1), and p-xylene (111 ug/1). These data provide tnformation regarding
the suite of contaminants assoclated with the Chem-Solv site and with the
evolution of the plume prior to inttlation of the groundwater recovery
and treatment system,

Inttial sampling of monitoring wells 1A, 2A, 3A, 4A, and 5A in October
1985 showed total VOC concentrations ranging from not detected (Hell 3A)
to 1,774.1 ug/1 in Hell 1A (located immediately downgradient from the
distitlation bullding), By December 1985, total VOCs in Well 1A had
increased to 112,730 ug/1, with a TCE level of 110,100 ug/1, The highest
level of TCE detected in any of the wells was 130,000 ug/1 at Well 1A in
Japuary 1985, Continued monitoring of groundwater quality indicated that
by October 1985 the plume had migrated past the northeastern property
boundary out to the edge of the Route 13 median; total VOC levels In
Wells 24A and 25A, located In the median, were 223.8 ug/) and 418 ug/l,
respectively,

In December 1985, the groundwater recovery system became operational;
analytical results were obtained for both the untreated (RAW) and treated
(TR) groundwater. In January 1986, total VOC levels in the untreated
groundwater were 37,946 ug/l and 3.5 ug/) in the treated water, Total
VOC concentrations in the untreated groundwater gradually decreased to a
tow of 1,7 ug/1 in Apri) 1988 and then {ncreased to levels ranging from
49.4 ug/1 in May 1988 to 173.2 ug/1 in July 1988. Total VOC levels in
the treated water ranged from not detected to 10.5 ug/l. Total VOC
soconcentration maps for November 1986 and June 1987 are shown on
Figures 4-2 and 4-3,

After the groundwater recovery system was shut off in November 1988, the

DNREC groundwater monitoring program was discontinued until June 1989,
However, much of this sampling program 1s focused on monitoring local
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downgradtent domestic wells, Since the recovery system was shut off,
sampling of monitoring wells has been limited to an individual well in
the area of the recovery system., No volatiles were detected in Hell 5A
In February 1990.

Remedia) Investigation Resultg

Groundwater analytical results for samples obtained in April 1990 and
analyzed for TCL organic compounds and TAL {norganic compounds are
presented in Tables 4-6 through 4-9, Isoconcentration maps for total
VoCs, total volatile tentatively identified compounds (TICs), and total
semivolatile TICs are shown on Figures 4-4 through 4-6.

Seven volatile organic compounds, acetone, benzene, 1,2-dichloroethane
(1,2-DCA), methylene chlortde, tetrachloroethene (PCE), toluene,
1,1,1-trichloroethane (1,1,1-TCA), trichloroethene (TCE), and tota)
xylenes, were found in five of the nine shallow wells (Table 4-6). Total
VOC concentrations ranged from 5 ug/1 in Well MWS-5-18 to 563 ug/l 1in
Hell 33A to 921 ug/1 in Hell MHS-7-25. Twelve volatile TICs were found
in two of the wells at total concentrations of 6,800 wa/l and 2,660 ug/)
for Well 26A and 2,640 ug/1 for MWS-7-25.

The presence of 1,2-DCA 1n Well MHS-7-25 was questioned after a review of
the supporting documentation (Appendix A-9).

Phenol was found In only one well (MWS-7-25) at an estimated concentra-
tion of 9 ug/l, Eleven semivolatile TICs were detected in three of the
offsite shallow zone monitoring wells (26A, 41A, and MWS-7-25). No
pesticides were found in any groundwater sample.

Both filtered and unfiltered groundwater samples were obtained from all
wells and analyzed for TAL inorganic compounds, Twenty inorganics were
detected in these samples (Table 4-7), These data were evaluated by
comparing detected concentrations in the filtered versus the unfiltered
samples for each well and by comparing detected concentrations versus the
background 1levels found 1in HWell 22A.  Aluminum,. barium, calcium,
chromium, cobalt, 1iron, magnesium, manganese, potasstum, selenium,
sodium, and zinc were all found at higher levels in the filtered sample
for at least one shallow well, EPA Reglon III QA guidance for ground-
water filtration procedures and data evaluation (EPA, April 23, 1990)
indicates that there may be several causes for this, specifically errors
In sample labeling (when nearly all filtered sample concentrations are
higher) and contamination from improperly cleaned filters (when {ron,
2inc, aluminum, and copper are higher in the filtered samples). Since
the majority of the results for all samples show higher levels in the
unfiltered samples, this does not appear to be a labeling error. To
evaluate the possibility of contamination from Improperly cleaned
samp)ing equipment, results for the duplicate samples (Well 26A) and the

4-8
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fleld blanks were reviewed, Hith the exception of cobalt, all of the
instances where a higher concentration was found in the filtered sample
were not repeated in the duplicate sample. ,

In addition, arsenic, barium, calcium, cobalt, iron, magnesium, potas-
sfum, sodium, and zinc were found at higher levels 1in the fiitered
samples for at least one field blank. Thus, the cases with higher
concentrations of inorganics in the filtered samples do not seem to
represent sample Jabeling or equipment decontamination problems, but are
probably a function of analytical method precision and accuracy,

Inorganic results were also compared with background groundwater quality,
represented by MWell 22A. Aluminum, barium, calcium, chromium, iron,
manganese, mercury, potassium, sodium, vanadium, and zinc were found in
at least one shallow well at levels significantly higher than background
(greater than flve times the background levels)., Manganese and sodium
were found In most or all of the downgradient wells at levels signifi-
cantly greater than background. However, no other discernable pattern
was detected for the compounds significantly above background groundwater
quality levels,

Examination of Table 4-6 and Figures 4-4 through 4-7 shows the presence
of two shallow groundwater plumes. A plume consisting primarily of TCE
and other chlorinated solvents extends from the site to the Route )3
medtan. This configuration and the associated compounds found in ground-
water in this area are In agreement with historical representatfons of
the plume assoctated with the Chem-Solv site, In addition, the total VOC
concentration for the onsite downgradient well (663 ug/l in Well 33A) is
within the range of total VOC levels encountered in untreated groundwater
from the recovery system prior to shutdown of the system in 1988,

Groundwater quality for Well MWS-7-25 does not agree with the groundwater
quality assoclated with the site; the types and concentrations of the
compounds detected in this well are dissimilar to the pattern associated
with site groundwater contamination. Groundwater contalning acetone,
benzene, 1,2-DCA, and xylenes, as well as benzene-, pentane~, and
hexane-related TICs was found in Well MWS-~7~25, Benzene and xylenes are
hydrocarbons generally associated with a fuel source, such as an under-
ground storage tank, and not with the solvent source identified for the
site, Benzene was found in MWS-~7-25 at a concentration of 830 ug/1; the
maximum benzene concentration found in groundwater onsite or near the
site was 200 ug/1 (Well 26A), In addition, the presence of benzene at in
MWS-7-25 at concentrations much greater than levels found associated with
the site as well as the fact that the maximum benzene concentration
detected during the DNREC monitoring program was 360 ug/1, indicates that
groundwater quality for this well has been influenced by additiona)
source(s) other than the Chem-Solv site.
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Groundwater quality associated with Well 26A appears to be a mixture of
both plumes, HWhile PCE, a compound assoclated with the site, was found
in one of the two duplicate samples obtained from Well 26A at a concen-
tration of 6 ug/1, acetone, henzene, toluene, and the benzene-,
hexane~ and pentane~substituted TICs were also in these samples, It is
possible that a contamination source or sources, potentially underground
storage tanks, located downgradient of the stte between Kells 26A and
MHS-7-25 could have impacted both welis. '

EPA Split Sample Results

Split groundwater samples from Wells 41A and MWS-5-18 were provided to
personne) from CDM Federal Programs Corporation (CDM) for analyses. A
summary of these analytical results Is contaiped in Tabies 4-10 and
4-11. The EPA data validation reports containing the analytical results
sheets and documentation are contained in Appendix O.

EPA split sample results for organic compounds generally agreed with the
BCM data. Chloroform was detected by EPA In Hell MWS-5-18 at an esti-
mated concentration of 2 ug/l, Chloroform was undetected in the BCM data
for this well; however, this does not represent a serfous discrepancy due
to the low tevel detected by EPA. Total semivolatile TICs found in the
EPA and BCM data for Well 41A were at 48 ug/) and 86.) ug/l, respec-
tively, No pesticides were detected for any sample.

Detected concentrations of inorganic compounds for both the EPA and BCM
data sets generally were within 10 percent. HWith the exception of
antimony, which was not detected in any BCM result, the detected com-
pounds for the split samples were the same, In addition, barium was
detected in the filtered samples above the levels in the unfiltered
samples for both wells. This pattern agrees with the pattern seen in the
BCM data set and probably is a function of analytical precision and
accuracy.

4.3,1,2 Intermediate Zone Monitoring Hells
DNREC Investigation Results

From October 1984 through November 1988, six volatile organic compounds
were found fn {intermediate zone monitoring wells (Table 4-4), These
compounds, chloroform, 1,1-dichloroethane (1,1-DCA), 1,2-~dichioropropane,
toluene, 1,1,1-trichloroethane . (1,1,1-TCA), and TCE, were detected
infrequently in onsite Wells 50-and 98, No organic compounds were ever
detected in the upgradient well (6B) or in the offsite side gradient and
downgradient wells (7A and 8A). The maximum detected VOC levels detected
were 1.3 ug/) chloroform, 1.2 ug/l 1,1-DCA, 38 ug/) 1,2-dichloropropane,
2,3 ug/1 toluene, 2,1 ug/1 1,1,1-TCA, and 3.4 ug/} TCE. The presence of
1,2-dichloropropane in the intermediate zone (at Well 9B) 1s an anomaly
since the compound was never detected in the upgradient well or in any of
the shallow wells,
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During groundwater remediation activities, the total VOC concentrations
for the onsite intermediate zone wells ranged from not detected to 44.5
ug/1 (Hell 98). No groundwater samples from the Intermediate zone wells
were obtained by DNREC after the groundwater recovery systen was shut
down {n November 1988,

Remedial Investigation Results

Low concentrations of volatile and semivolatile compounds were found in
the two onsite wells and the upgradient well (Table 4-8). TCE was
detected 1n HWell 5B at an estimated concentration of 5 ug/l and was
undetected In Well 9B at the quantitation 1imit. Total semivolatile TICs
were 10 ug/1 In the upgradient well (MWI-1-43), 103 ug/1 in Hell 5B, and
60 ug/) 1n Hell 9B, No volatile TICs, semivolatile organic compounds, or
pesticides were detected in any groundwater sample.

EPA Results

Fleld duplicate samples were analyzed from Well 9B (Tables 4-10 and
4-11), No organic compounds were detected in efther sample. Twelve
fnorganic compounds f(aluminum, antimony, barium, calcium, iron, lead,
magnesium, manganese, mercury, potassium, sodium, and 2zinc) were
detected. Field duplicate results were generally within 20 percent of
each other and with the BCM split samples. However, the aluminum concen-
tration fn Sample 9BD (227 mg/1) was twice the level in the duplicate
sampie (114 mg/1); aluminum concentrations for the BCM split samples were
428 mg/1 and 398 mg/1.

4,3.1.3 Domestic Hells

Up to 14 domestic wells located down or side gradient from the site have
been monitored since October 1984, The majority of these wells collect
water from deeper zones in the aquifer (greater than 100 feet below
ground surface); however, the total depth of some of these wells s
unknown (CABE, 1987), Analytical data indicates low concentrations of
VOCs have been detected in some of the residential wells, A replacement
well was installed on the Gearhart property -because of the presence of
VOCs; however, this well was apparently Improperly installed and became
contaminated with groundwater from the shallow aquifer. A new well was
installed to a deeper depth.

4.3.2 Assessment of Groundwater Quality

Data from the historic data base was used to evaluate the horizontal and
vertical migration of the plume from a period shortly after the explosion
and fire in October 1984 to November 1988, when the groundwater recovery
system was shut down, Data collected during RI fleld activities was used
to confirm the information collected by DNREC and monitor any further
plume migration since the cessation of groundwater remediation activi-
ties. In addition, these data were used to provide additional data
necessary to characterize semivolatile compounds, pesticides, and {nor-
ganic compounds in both the shallow and intermediate aquifarAzﬂnaso 1075
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Groundwater quality information obtalned during this and previous inves-
tigations tndicates that groundwater from the shallow aquifer has been
impacted with organic compounds, primarily TCE and related compounds. A
groundwater plume extends in the shallow groundwater from the area below
the former distillation building to the eastern edge of Route 13. Impact
to the deeper zones of the aquifer has been limited by the presence of a
s{1t layer approximately 20 feet below the ground surface in the vicinity
of the site. However, some VOC contamination of the {Intermediate zone
has occurred, as indicated by low levels of VOCs in the intermediate zone
moni toring wells and nearby domestic wells,

In addition, a second plume has been identified just north of the finter-
section of Routes 13 and 42, Groundwater quality data and hydrogeologic
information indicate that source(s) other than the Chem-Solv site are
involved. The benzene, xylene, toluene, and other TICs located in HWell
MWS-7-25 have been interpreted to be representative of compounds found in
the subsurface after gasolline or other petroleum hydrocarbons (No., 2 fuel
ofl or jet oil) are spilled (Appendix A~11), No compounds found in this
well are assoclated with Chem-Solv, The benzene was detected at a
concentration four times greater than the maximum levels detected in the
historical data* 1,2-DCA, which was detected in this well at an estimated
xo?ggntratlon of 16 ug/1, is not a degradation product of TCE (Appendix
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TABLE 4-1
AIR MONITORING RESULTS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

, ORGANIC VAPOR READINGS
LOCATION TIME OVA

1

2
3

4
5

6
7
8
9
10
n
12

NIR No instrument response

Alr monitoring survey performed October 16, 1989,

All organic vapor readings racorded above background
levels,

Source: BCM Englnaers Inc. (BCM Project No, 00-6012-02)
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TABLE 42

SUMMARY OF SQil. ANALYTICAL RESULTS
EPA SPLIT SAMPLES

CHEM.SOLY, INC SITE
CHESWOLD, DELAWARE

EPAOrganic Samaie No:  CCHIG CCHY? CCHa? CChss cere CCHI
Sample Date:  02/22/%0 Qr22/%0 [H G Q4210 02/22/90 02/22/9%
EPAGampte Name: 580101 $80142 560302 $B0304 oot SWo02
Sample Lacation: csae Csag Qseo cse0 Tup Blank Trip Blank
032 082 t33 18:10.9'
Farameter (Unita)

Volatle Organics (ug/kg)
Aatone
Chiorabenzene
Chiorotorm
1,2:Dichloroeihene (Total)
Methylene Chioride
Tolusne
Total Xylenss
Trichtorost

Tatal Volaties

valatie Crgamc Tentatively
Kenhtied Campounas jug/hg)
Hizane NO

Semivolatie Organice (ug/kg)
i Ethyinenyl) phinatate 2100V
Dinoctyiphihatate 1704
Isophorone 00U

Total Samivolaties 200

Semivotatie Organic Tentatively

Identfied Compounds {ug/hg)
Unknown 5000J
Unknown Alkane (Tota) ND

Total Sempvolntie TICY 1 %00

Pesticides/PCOS (ug/hg)
44008 000
44,000 HBaou
44,007 %oy

Tatsl Pesticides 1580

Inorgsnio Compounds {mg/kQ)
Auminum 600, 136000
N . 68
Basum na
Cadmium
Calum { 671.0()
Chomium L 1724
Cobalt 87()
Coppst 100
ken 370/ $.100
Lend 00
Magnesium | mo|l 70201)
Manganese 1 00 1460
kel ) 8l (711}
Potassium ¥ 4030() 2020 (}
Sodium ) waje a8
Vanadium %2 1ne
Zno “) "na 1840

Ot detected SuDIANTIAllY ADOVE NG v 16pO1Ed in 1ADOBIOrY Of Held bisnks,
Anaiyte prosent, Reported value may nO1 DE ACCUALE O practie,
Not detected
Notesied
Not ortected, The ssecciated numbsf (ndiCA1es IDRIONMALE SAMPle CONCONTIANON NCESEAIY to be datected, A R 3 0 , U 9 2
Not dtecwed; quanstation limit may be inaccurate of imprecise,
Not Getected; Quantiation Iimi is probdly highei,
{1 Anaiyse prasent, Aa valurs 80DO8C the INTIrUMHNT ditection lmit, e QuaNtIaton May NGt De ScuByS.

Sourcs; U.8, EPA Region i
Compiled by: BCM Enginsers inc, (BCM Project No, 00-601202)
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TABLE 4410

SUMMARY OF GROUNDWATER ANALYTICAL RESULTS
QRGANIC COMPOUNRS
EPA SPLIT SAMPLES

CHEM:SOLY, INC SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

EPA Organic Sample No.: Cxe99 Cxra2 CXxe97 Cx698 C698
Sample Date:  04/06/%0 04/06/90  04/03/50  04/05/90  04/05/80
- Sample Name:.. - 687~ (980T i AW o MWSS18 . Tiip Bk
1 Waell Type:  QOnsite Int, SG  Onsite Int, SG  Offaite S|
Paramoter (Units)

Volatild Organics (ug/l)
2.Butanone
Chioroform
Methylene Chiorida

Tojal Volatilas
Semivolauiu Grganics ug/l)

Semivolatile Organic Tentatively

dentifled Compaunds (ug/)
2-Cyclohexen-ol NO
Unknown (Total) ND

Pesticides/PCBa (ug/l) ND

* Quplicate samples
B Notdetected substantlally above the lavel reported In laboratory of field blanks,
J  Analyte present, Reported value may not ba accurate ar precise,
R Unrellable result. Analyte may or may not be present In the sample. Supporting data necessary 1o contirm result,
U Not The d number Ind approximate sample concentration necessary 10 be detected,
ND  Notdetected
NT  Nottested
DG Downgradient
S@ Side gradient

\
Source: .S, EPA Reglon il
Compiled by: BCM Engineers Inc, (BCM Project No, 00-6012.02)
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5.0 HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT

5.1 INTRODUCTION
5.1.1 Querview

This human health and environmental risk assessment describes the poten-
tial for adverse health effects due to exposure to chemicals found in the
soll and groundwater at the Chem-Solv, Inc. (Chem-Solv) site. Risk
assessment combines the concentration of the chemicals with toxicological
data to get a numerical estimate of the magnitude and severity of the
potential health effects due to actual or possible future exposure to
chemicals,

§.1.2 Site Description

This section presents a brief description of the site and a summary of
the conditions pertinent to the risk assessment. For the risk assess-
ment, the points of Interest in the site description focus on opportun-
{ties for human and environmental exposure, now and in the future. The
site description {includes surrounding land use, evidence for current
exposure, and site's proximity to surface waters, A more detalled
presegtation of this information is given in Sections 3.1 and 3.2 of this
report.

The 1.5-acre Chem-Solv site is an open field adjacent to a four-lane
highway. The surrounding land use s a medium-density mixture of
agricultural, commercial, and residential land use. Although there is a
restdential unit adjacent to the site and others in the area, there is no
evidence of consistent stte use by area residents such as dirt blke paths
or pathways to schools or playgrounds crossing the site,

The solvent recovery facility, operational from 1982 to 1984, was closed
after an explosfon and fire that may have released solvents into the
surrounding soll, groundwater, and air. In April 1985, 1,300 cubic yards
of soll were processed after the presence of solvents in the groundwater
was identified, The soll material was processed onsite to remove the
chemicals of concern and then replaced.

The nearest surface water and point of groundwater release is the Alston
Branch of the Leipsic River, approximately 0.4 miles from the site.
There are no wetlands adjacent to the site. The excavation, processing,
and replacement of the soll resulted in an onsite depressed area that
holds rainwater for extended perfods. As a results, certain wetlands
plants grow In this depressed area.

AR301105(Y

BREL L L A AT D e fotmdisiiarasn. i e

0 1§ -the page Yilmed in this frame is not as readable ox Legdb '
, label, it 44 due to substandard colox or condition of thegoale::ltgigé. N

\




5.1.3 Scope of Risk Assessment

The risk assessment fs a formal procedure with protocols established by
the U.S. Environmental Protection Agency (EPA) (EPA 1989a, 1989b,
1986a~f, 1985), First, the risk assessment evaluates the chemicals found
fn the soll and groundwater at the site and determines which stte-related
chemicals are a potentlal concern to human health and the environment

Next, 1t considers the likelthood that humans or the environment are
currently exposed to these chemicals or will be at some time in the
future, In the final step, it uses the concentrations of the chemicals
at the point of exposure to estimate the potential for an adverse effect
on human health or the environment.

A1l chemicals, even beneficial ones, may produce some health effect if
the concentration 1s sufficiently high, The factor differentiating safe
from harmful is the amount of chemical entering into the body (dose).
The risk assessment procedures estimate whether the concentration of a
particular chemical 1s sufficiently high to cause concern for human
health and the environment.

Risk assessment protocols are designed to be conservative to account for
uncertainties such as the extent of contamination and the presence of
highly sensitive individuals in the exposed population. The conservative
approach is used to assure that the results of the risk assessment will
be protective of human health and the environment.

The risk assessment evaluates a reasonable "worst-case" scenario so that
regulators and the general public can compare this site with other
measures of risk, This approach makes risk assessment a useful tool in
a;;uringdthat all aspects of potentia)l adverse health effects have been
addressed.

Therefore, the risk assessment 1s structured to predict the "worst-case"
effects that can happen rather than the most likely or probable potential
or actual health impacts,

5,1.4 Qrganization of Risk Assessment

The risk assessment process consists of four steps: identification of
chemicals of concern, exposure assessment, toxicological assessment, and
risk characterization. The steps are briefly described below.

- Identification of Chemicals of Concern presents the data and
describes the extent of contamination. The chemicals of
concern are selected based on valldity of the data, frequency
of detection, range of concentrations, and comparison to
background,

W, AR301106
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Exposure Assessment determines the various ways humans are
exposed to chemicals from the site (exposure pathways) and
the concentrations actually taken tnto the hody (dose).
Exposure pathways are identified based on human and environ-
menta) populations in the vicinlty of the site and within the
pathways of chemical migration.

Toxicologicat Assessment presents the toxicity values derived
by EPA toxicologists for known health effects for each
chemical. The toxicity values are calculated from studies
which relate the level of a chemical taken into the body
(dose) to an effect on human health (response).

Risk Characterization estimates a numerical value for the
risk by combining the dose from exposure with the toxicity
value, It presents potential carcinogenic and non~
carcinogenic health effects. It also presents uncertainty
factors or an evaluation of how well these assumptions can be
relfed upon to give an accurate description of the potential
risks.

5.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

The analytical data for the site have been compiled and evaluated. Those

site-related chemicals frequently detected at concentrations above back-

g;oun? (chemicals of concern) have been selected for characterization of
e risk,

5.2,1 Data Collection Considerations
5.2,1.1 Historical Data

The existing data on the site s discussed {n detall in Sections 4.2.)
and 4.3.1 of the this report. In summary, volatile organic chemicals
were detected In 16 shallow and 1 intermediate onsite wells, 1n 9
shallow offsite wells, and tn a limited number of residential wells,
Data is avallable from 1984 to 1990, There fs evidence to suggest that
there are sources for chemicals detected in these samples from other than
the Chem-Solv site. Post-remediation soll analytical data show that the
concentration of volatile chemicals has been reduced below levels of
concern,

5.2,1.2 Rationale for Collaction of Remedial Investigation Data
For the Remedtal Investigation, 14 monitoring well locations were

selected to characterize and delfineate the offsite migration of chemicals
in the groundwater further. Beneath the site, there 1s a clay layer
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which separates a shallow and deeper (Intermediate zone) aquifer,
Offsite, the clay layer is Intermittent and the aquifers are likely to be
connected, The 14 monitoring wells, both existing and new wells, were
selected to characterize etther the shallow zone or intermediate 2zone
aquifer,

Samptes were collected from unsaturated soils in locations surrounding
the area remediated in 1985 to determine If the remediation was suffi-
clent horizontally and vertically.

EPA risk assessment protocol recommends that samples from areas not
impacted by the site be collected to provide background information of
naturally-occuring chemicals. Chemicals which are found at concentrations
similar to background levels are eliminated from further consideration in
the risk assessment.

Groundwater.

Groundwater samples were collected from 14 monitoring wells. Two of
these wells (22A and MWI-)-43) represent upgradient, background samples
These samples wsre analyzed for Target Compound List (TCL) organics and
Target Anatyte List (TAL) inorganics. The analytical results for ground-
water are presented in Tables 4-6 through 4-11, Filtered and unfiitered
samples were analyzed from all wells, Of the 16 groundwater samples
(Including duplicate samples), six samples were collected from intermed!-
ate zone wells, one of which 1s upgradient of the site. The remaining 10
samples were collected from the shallow aquifer, Including one background
(or upgradient) sample,

Soll

Twenty-one soll samples were collected from seven onsite borings at
depths from the upper 6 inches to 20 feet, Eleven samples were collected
from the surface soll, defined in thls risk assessment as the upper 6
Inches to 4 feet, The remaining samples were collected at intervals to
20 feet, These samples were analyzed for TCL organics and TAL
Inorganics. The analytical results are presented in Tables 4-2 and 4-3.

Background soil samples were not collected due to difficulties in
selecting a representattve background area. There are multiple sources
of offsite contamination due to the proximity of the highway and agricul-
tural flelds. Also, air-borne contaminants may have been associated with
the exptosicy and fire. The area potentially exposed to any alr-borne
contaminants is unknown and, thus, selection of a representative back-
ground sampte was not possible,

Literature values reported for soil from the State of Delaware, surround-
Ing states, and the eastern coastal area were used to represent back-
ground concentrations.
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5.2,2 Data Evaluation Considerations

The existing and RI analytical data on Inorganic and organic chemicals in i
soi} and groundwater were compiled and evaluated, The assessment
included QA/QC information, location of samples, range of concentrations,

and comparison to background.

5.2.2.1 Historical Data

Data coltected from previous site investigations and the ongoing residen-
t1al well sampling program are presented in Sections 4.3.1 and 4.3.2 in
this report. The data were not Included In the risk assessment because
there are insufficient quality assurance/quality control (QA/QC) samples
and documentation, Also, the current RI data 1s more representative of
existing conditions.

The decision to not Include historical data does not Indicate that the
data is inaccurate, but only that there is Insufficient information to
support a review in accordance with EPA risk assessment protocols, The
QA/QC information 1s used to determine the validity of the data. As
discussed In more detal) in this section, there is an {nherent
uncertainty in all analytical results that must be evaluated to determine
if the reported concentration is accurate, The information necessary to
perform a QA/QC review in accordance with EPA protocols was not avallable
for the historical data.

The data collected during the RI 1s considered more representative of ’““)
existing conditions. The sol) and well locations sampled were designed Q.,
to delineate the extent of contamination and the samples were collected

in accordance with EPA protocols. The most recent historical data was
collected in September 1988.

5.2,2.2 Quality Assurance/Quality Control Evaluation of Data

The validity of analytical data is evaluated using a QA/QC protocol.
QA/QC protocols are used to determine the tevel of confidence that the
chemical concentration reported by the laboratory 1is the same as the
concentration actually present in the sample, QA/QC protocols verify a
series of requirements to support the valldity of the data such as proper
operation of the analytical equipment, consistent standard methods,
correctness of calculations, and any uncertalnty associated with the
concentrations reported by the laboratory,

Prior to selection of chemicals of concern, the data was valldated to
fdentify cases where the reported concentration may be ‘Inaccurate
(estimated concentrations) or the chemical may not have been present in
the sample when 1t was collected (questionable data).
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Data validation {dentifies chemical concentrations which could not be

(—\\ measured accurately, These data, called "estimated" or “"trace" concen-

! trations, occur when the concentration of the chemical is below a level

(quantitation 1imit) that can be measured accurately, but above a level

that can be detected (detection 1imit), In cases when the result s

estimated, the chemical was present in the sample; however, it is not

certain If the actual concentration 1s greater or less than the reported
concentration.

During the collection and handling of samples and/or during laboratory
procedures, chemical compounds can be {nadvertently introduced, To
account for these accidental additions of chemical contaminants, blank
samples that are prepared fin the field and/or laboratory are also
analyzed, Chemicals detected in either the field or laboratory blank may
not actually be present in the sample and may therefore be considered
questionable,

Questionable data is defined as sample concentrations that are within a
factor of 10 of the blank concentration for the common laboratory
contaminants: methylens chlorlde, toluens, acetone, phthalate esters, —
and methano), For any other compounds detected tn a related blank, a
factor of 5 1s used to define questionable data.

5.2.3 Selection of Chemicals of Concern

The data were sorted into three groups for the selection of chemicals of

o~ concern: (1) all chemicals in soil, (2) {inorganic chemicals in ground-
C water, and (3) organic chemicals in groundwater. The groups were based on
e the conclustons reached 1n this RI as well as previous {nvestigations

that organic chemicals, primarily volatiles, are the principle site-
related chemicals, Nevertheless, data from all three groups received
equal consideration in the assessment of chemicals of concern,

5.2,.3.1 Organic and Inorganic Chemicals in Soil

No organic or {norganic chemicals of concern were selactad in soil ‘
because the concentrations detected were in the range of background ]
concentrations, represented isolated events unrelated to previous site |
activities, or were infrequently detected at low concentrations (Table

5-1). A preliminary review of the data was presented to EPA Region III

in an Interim Document dated June 1, 1990, EPA Region III agreed with

the conclusion that there were no chemicals of concern in site solls

(Appendix A-8).

For sof] exposure, the upper 4 feet of soll was considered the depth of
most 1ikely human and environmental exposure, Chemicals found at greater
depths were considered qualitatively to describe the extent of any
contamination,
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Yolatile/Semivolatile Organic Compounds

Volattle and semivolatile organic chemicals were detected in a limited
number of samples &t low concentrations, and most of the data is
questionable due to the presence of that chemical in a related blank,

In the 11 shallow soll samples, trichlorcethene was detected twice with a
maximum estimated concentration of 6 micrograms per kilogram (ug/kg),
Methylene chloride was detected 5 times, but the data is questionable
based on methylene chloride also being detected in the associated QA/QC
samples, except for one sample with a detected value of 4 ug/kg. Acetone
was detected 7 times, but all the values are questionable due to blank
contamination.

Of the remaining soll samples from depths greater than two feet, chloro-
form was detected In 4 samples with a maximum concentration of 8 ug/kg,
However, since chloroform was only detected in samples collected from the
deeper solls (6 to 20 feet), human or environmental exposure to chloro-
form s considered unlikely,

Methylene chloride was detected in 7 samples; however, all of these are
questionable due to blank contamination.

Acetone was detected in 9 soll samples taken from depths greater than
two feet. A)1 these results were questioned due to blank contamination.

Six soil samples from the 15 samples collected had detectable levels of
semivolatile organic chemicals, Bis (2-ethylhexyl)phthalate (DEPH), a
common laboratory contaminant, was detected in five samples with a
maximum concentration of 510 ug/kg. Only one of these samples was
obtained from surface solls; the remaining samples were collected from
depths from 2 to 5.5 feet. Isophorone was detected twice in one boring
with a maximum concentration of 3,100 ug/kg. Benzolc acid was detected
in only one sample at 290 ug/kg.

Pesticides

The pesticides detected in onsite samples are attributable to farming
activities in the adjacent fields., The use of DDT in the United States
w?: b:nnfgsgn 1972, ten years prior to the time operations began at the
site in .

The pesticide DDT and 1ts breakdown products, DDE and DDD, were found in
9 of the 15 samples collected throughout the site, at a maximum tota)
concentration of 390 ug/kg (determined by averaging duplicate sample
results for sol) sample CSB-11 and summing the DDT, DDE and DDD results).
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ODT §s not considered site-related, The site s surrounded by agricul-
tural flelds and DDT and 1ts breakdown products are very persistent in
the environment; therefore, the presence of DDT in the solls is not
unexpected, Literature values report DOT concentrations as high as 1,000
ug/kg in agricultural fields as late as 1983, 11 years after DDT use was
banned (ATDSR, 1988).

Inorganic Compounds

Inspection of Table 5-1 shows that the concentrations of metals found in
site soils are well within the background range for this area with the
possible exception of lead, The maximum onsite lead concentration Is
72.2 mg/kg, compared to the highest value for the area of 20 mg/kg, The
average onsite lead concentration for all samples 1¢ 20,4 mg/kg and,
therefore, typical of background,

The presence of slightly elevated levels of lead in {solated locations on
the site 1s not unexpected, The impact of the highway and emissions from
cars and trucks is highly probabie,

In addition, metals and metallic compounds were not- used as part of the
re-processing activities that took place at Chem-Solv,

5.2.3.2 Organic Chemicals 1n Groundwater

To present a conservative estimate of the risk, all the volatile organic
chemicals were included as chemicals of concern, even those chemicals
detected infrequently (Tables 5-2 and 5-3), Ten volatile organic
chemicals are included in this 1ist. Seven of these chemicals, chioro-
form, 1,2-dichlorcethane (1,2-DCA), methylene chloride, tetrachloroethene
(PCE), toluene, 1,1,1-trichlorcethane (1,1,1-TCA), and xylene were
detected in only 1 of the 10 downgradient well samples. Two chemicals,
acetone and benzene, were detected in 2 of the 10 wells. One chemical,
trichloroethene (TCE), was detected in 3 downgradient wells,

Phenol was the only semivolatile compound or pesticide detected, Pheno)
was found In one downgradient, offsite shallow well at an estimated
concentration of 9.0 micrograms per 1iter <(ug/1), Phenol, a non-
carcinogen, was not fincluded in the chemicals of concern since this
chemical was only detected in one sample at a location fairly distant
from the site, Phenol {s easily degraded by bacteria (Verschueren,
1983). Therefore, 1t s highly unlikely that this chemical would migrate
tn the groundwater at significant distances from the site,

The background wells, both shallow and deep, contained no volattle
organic compounds. Blank samples did not contain any contamination.
Therefore, none of the volatile organic data were questionable.
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522.3.3 Inorganic Chemicals in Groundwater

No inorganic parameters were selected as chemicals of concern because, in
general, the concentrations were within the range found in the background
wells, The inorganic parameters found in excess of background can be
explained as elther isolated events at wells distant from the site or
considered suspect. The assessment of suspect data was based on the
atypical chemistry of groundwater in certaln samples.

Inorganic parameters were analyzed on both filtered and unfiltered
samples. The data are presented in Table 4-7 and 4-9, The unfiitered
data includes inorganics absorbed on particulate soil material as well as
fnorganics dissolved in the water. The filtered results represent dis-~
solved inorganic constituents only,

The evaluation of fnorganic groundwater data was performed on the
filtered samples. Previous evaluation, as discussed in Section 5.2.3,
showed that onsite solls, regardless of depth, do not contain concentra-
tions of inorgantc parameters ahove background. Therefore, the soll
particulate material measured in the unfiltered samples is considered to
be the result of naturally-occuring soil material,

The data for filtered samples were compared to background, Any para-
meters found at concentrations greater than S0 percent above a quantified
background concentration were considered in more detatl.  Khen both the
background and downgradient concentrations were estimated, such as those
detected below the quantitation 1imit, the concentrations were not
considered different.

Shallow Wells

Aluminum was detected above background in only one well, MWS-3-17, and
mercury was detected above background in only one well, MWS-7-25, It is
unlikely these parameters are site-related since both wells are fairly
distant from the site.

The remaining inorganics found above background (cobalt, iron, manganese
and calcium), were found in the downgradient shallow wells finstalled by
DNREC (26A, 41A, 39A and 33A). The chemistry of the water from these
wells suggests that metals are being dissolved from soil material due to
low oxygen conditions. The solubility of iron and manganese on soil is
increased by low oxygen conditions in water (Wetzel, 1983), The high
levels of these metals in these wells suggests that low oxygen ccnditions
are present. The low oxygen conditions are generally caused by bacteria
consuning organic matter in the water. It is not clear 1f this condition
s related to stte-activities or a result of the remedial activities.
Elevated concentrations of zinc and selenium were also found, in one
sample each, within this group of wells, Sodium is also elevated in all
downgradtent shallow wells,
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Since known site activities tnvolved use of organic chemicals, there is
no evidence that any elevated levels of inorganics are site-related. An
alternate possible explanation is that excavation and mixing of the sofl
during remediation resulted in increased exposure of the soil to {infil-
trattng ralnwater and a temporary increase in dissolved salts in the
groundwater,

Regardless of the source, the data indicate that elevated levels of heavy
toxic metals such as cobalt, zinc, selenfum, alumipum, and mercury are
solated, single cases. Metals are to 1ikely to be present due to site-
related activities. Iron, manganese, sodium, and calcium do not
represent the same level of concern for pubiic health.

Intermediate Mells

The majority of inorganic parameters detected above background levels
(aluminum, arsenic, calcium, potassium, and sodium) were found {n
MHI-4-40, This well s located on the Durham property. Mr. Durham has
reported difficulties with a high mineral content in his drinking water
well. It s 1lkely that there 1s an area of high dissolved salts in the
deep aquifer In this area. Mercury was elevated 1n one sample from well
98, This well also had elevated levels of iron, magnesium, and potassium,

5.2,3.4 Tentatively Identified Compounds in Groundwater

Tentatively identified compounds (TICs) were found in samples from wells
26A and MWS-7-25, The 1ist of chemicals 1s generally the same for both
wells, although the concentrations are higher in 26A. The TICs found in
Wells 26A and MWS-7-25, generally components of fuel olls, were not found
In any other wel) on or offsite. This suggests that there may be another
source of this material such as past leakage from offsite underground
storage tanks.

These chemicals were not included as chemicals of concern because of the
Timited number of detections and indications that thelr presence may not
be site-related,

5.2.4 Summary of Chemicals of Potential Concern

The chemicals of concern for this risk assessment include all volatile
organic compounds detected in the groundwater. The selection of volatile
organics §s supported by the analytical data collected during previous
investigations and the history of product use at the site, '

In groundwater, the only semivolatile detected, phenol, is considered an
1solated event unrelated to the site, The inorganic parameters are within
the range of background, or isolated events unrelated to the site, The
TICs were not included as chemicals of concern because of the limited
number of detections and evidence that their presence may not be due to
site-related activities,
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No chemicals of concern were identified In soll samples, The majority of
the volatile detections are questionable, the semivolatiles were found in
isolated samples, and the Inorganic parameters are within 1iterature
values for background.

5,3 EXPOSURE ASSESSMENT

Exposure assessment determines the pathways that may result fin human
exposure, the concentrations of chemicals at the point of exposure, and
the concentration of each chemical absorbed by an exposed individual on a
daily basis (chronic daily intake, CDI),

5.3,1 Characterization of Exposure Pathways

The only complete exposure pathway identified is residential use of the
groundwater, Currently, there are two drinking water wells within the
area defined by the near or far monitoring wells, There are other
restdential wells adjacent to the plume. DNREC has a quarterly monitor-
Ing program for potentially affected wells, most of which are at greater
depths than the area of contamination,

5.3.2 Identification of Exposure Pathways and Assumptiong

Exposure pathways fnclude al) the various ways in which humans come 1n
contact with the chemicals of concern, efther currently or at some time
In the future. Exposure pathways are evaluated by considering direct
contact to the media of concern (e.g., drinking water) and the potential
for chemicals to migrate from one media to another (e.g., volattllzation
of chemicals from groundwater into the air),

At this site, the media of concern is groundwater and the chemicals of
?gncegp‘ i{i several volatile organic chemicals, The exposure pathway
entified is:

Residential Use of Groundwater

- Ingestion of groundwater
- Inhalation of {ndoor air
- Dermal absorption during showering and bathing

The potential for contamination of vegetables and fruits during watering
and release of contaminants to surface water were also evaluated, Poten~
t1al exposure via ingestion of home-grown fruits and vegetables that were
watered with groundwater is considered negligible because the chemicals
of concern are volatile organic chemicals. Since these chemicals will
volatilize during the watering process, there is 11ttle or no potential
for accumulation in home-grown foods.
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The distance to the nearest point of surface water discharge is 0.4
miles, and low concentrations of votatile chemicals of concern Indicate
the potential for elevated concentrations 1In this creek {is highly
unlikely.

The objective of the exposure assumptions is to determine how much of the
chemical s actually taken into the body (dose). The dose recelved on a
datly basis is expressed as the milligrams of contaminant per kilogram of
body weight per day (mg/kg/day).

In risk assessment, it is seldom possible to measure specific dosage for
each fdentified exposure pathway. As a result, it )s necessary to use an
estimation of dose based upon a series of assumptions such as. how much
water the average person drinks. These assumptions were developed from
EPA Regfon I1I guidance and the most current Superfund Risk Assessment
guidance documents (EPA, 1989a, 1989b, and 1989¢). The assumptions used
in calculating the exposure for each pathway are presented in Table 5-4,
The methods and calculations for exposure dose are presented in
Appendix P,

The averaging time is the time perfod over which exposure is assessed,
For carcinogens, the averaging time is a 70~year 1ifetime, For chemicals
with non-carcinogenic effects, the averaging time is one day,

5.3.2.1 Ingestion of Drinking Water

The standard assumptions for drinking water are ingestion of 2 liters (a
1ittle over 2 quarts) of water a day by a 70-kilogram (154-pound) person
(EPA, 1989a and 1989b), This assumption includes water that 1s consumed
as coffee, Jjuices, and other beverages containing tap water (EPA 1989b),
In reality, people in the United States consume less than 2 liters a day
of tap water. Sixty percent of the population consume less than 1.5
1iters a day (EPA, 1989¢),

5.3.2,2 Inhalation of Indoor Air

At this time, there is increasing awareness that iInhalation of volatile
chemicals that accumulate in indoor air can play a significant role in
exposure. Chemicals enter the indoor alr during everyday household usage
such as washing clothes, showering, bathing, and flushing the tollet.
However, there 1s still considerable controversy regarding the methods
?gg;bfan be used to estimate the dose from this exposure (EPA, 1989a and

For inhalation, a draft whole house model from the Office of Drinking

Water was used (Appendix Q). Briefly, the model assumes that a certain
fraction of the chemical in the water entering the house volatilizes and
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accumulates in the indoor air in proportion to the alr exchange or
ventilation rate of the house, The exposed individual 1{s assumed to
remain {ndoors 24.hours a day.

There are two chemical-specific parameters in the model: 1) the fraction
of chemical retained in the lungs, and 2) the fraction of chemical which
volatilizes out of the water. The fraction retained by the lungs was
assumed to be 100 percent for all chemicals. For the fraction volatiliz-
ing, a factor of 50 percent was used, This value is representative of
volatile chemicals (Appendix Q).

A convenient way to express exposure via inhalation is in terms of drink-
ing water equivalents (DHE)., Use of DHE allows direct extrapolation from
exposure via ingestion of water to exposure via Inhalation for the same
concentratton of a chemical in the water. Exposure via inhalatlon s 0,95
times the DHE for the chemicals treated as volatile,

5.3.2.3 Dermal Exposure

Chemicals can enter the body via skin adsorption during showering and
bathing activities. The dose received through dermal contact with water
{s calculated from assumptions on the length of time the person is in the
shower or bath (exposure time), the amount of skin in contact with the
water (skin surface area), the rate at which the chemicals penetrate the
skin (dermal permeability), and the frequency of bathing or showering
activities on a dally basis per year.

The amount of skin in contact with the water was estimated as 1.94 square
meters. This value is suggested in the current EPA protocol and is
considered to represent the fiftieth percentile total body surface area
for adult males (EPA, 1989b),

There 1{s very 1ittle information of dermal adsorption rates for
individual chemicals (EPA, 1989a), For this risk assessment, the values
were ferived from data provided by EPA Region 1 and are presented in
Appendix R.

5.3.3 Groundwater Exposure Concentrations

The data for the groundwater monitoring wells were evaluated to determine
which wells were representative of the plume. The data from these wells
were then combined to estimate water concentrations in a hypothetical
drinking water well plazed within the plume.
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5.3.3.1 Data Evaluation
Shallow and Intermediate Aquifer Data

The data for groundwater from intermediate and shallow zone wells were
combined to simulate groundwater use in this area, Area drinking water
wells are generally tnstalled at depths greater than 100 feet. However,
the high porosity of the soll and absence of a confining aquifer in ai
areas suggests that water from shallow aquifers is 1ikely to be included
in the recharge for the intermediate wells. In this way, human exposure
to water from the shallow aquifer may occur,

Plume Pefinition

The 12 downgradient wells were divided into three groups based on
presence of chemicals, direction of groundwater flow, and probable loca-
tion of the plume. The first group, the near wells, represent the five
wells closest to the site and most 1ikely to represent the plume. The
data for the near wells, 5B, 9A, 26A, 33A, and 39A, is presented In Table
§-2.

The second group, the far wells, included all the near wells plus five
additional wells, 41A, MWI-4-40, MHS-5-18, MWS-6-25, and MWS-7-25 (Table
5-3). All these wells had non-detectable or very low levels of chemicals
except MWS-7-25, There 1s evidence to suggest that former underground
storage tanks upgradient of MWS-7-25 may also be a source of chemicals
Also, groundwater quality for these wells is not as clearly associated
with a plume from the site,

The third group, MWI-2-40 and MWS-3-17, were not included in the risk
assessment, No chemicals were detected in groundwater from these wells
and the pattern of groundwater flow supports the theory that these wells
are not assoclated with a plume.

5.3.3.2 Exposure Concentration

The data from within the two well groups were combined to estimate a
probable concentration of each chemical of concern for a hypothetical
well drawing from the center of each plume. The data were combined into
an arithmetic average from which a Reasonable Maximum Exposure (RME)
concentration was calculated (Table 5-5), Methods used in handling of
chemical data are in accordance with guidance recelved from EPA Region
IIT (Appendix S) and Risk Assessment Guidance for Superfund (EPA, 1989),

Average Concentration

The arithmetic average was obtained using data from the near and far wel}
groups. Data from duplicate samples were averaged into a single data
point prior to calculating the group average,
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The use of the arithmetic average requires statistical support and
Justification. The most quantitative form of statistical analysis, para-
metric statistics, requires that the arithmetic average only be calcu-
lated directly when the data are normally distributed, Normal distribu-
tion represents one of many patterns for data., A more typical pattern for
environmental data s a log normal distribution, There are methods for
adjusting log normal data to make it fit a normal distribution prior to
calculating the average.

Statistical evaluation of the data for the Chem-Solv site indicated that
neither a normal or log normal distribution described the pattern of the
data nor did one fit better than the other,

Other technigues for adjusting data to a normal distribution were not
evaluated, The arithmetic average was selected because this value
represents an unblased estimate of the mean (Gllbert, 1987)., Since the
data tend to be skewed to higher concentrations, it 1s highly 1lkely that
the arithmetic average calculation results in a higher, more conservative
estimate of the concentration than any average calculated with adjusted
data,

Incorporation of Non-detected and Questionable Data

Two key issues in the calculation of the average are (1) the method used
to incorporate questionable or non-detected data, and (2) the method used
to calculate the upper bound 95 percent confidence Interval for the
arithmetic average concentrations,

When a chemical §s not found in a sample, the laboratory reports the
value as non-detected above a certain level. This means that 1f the
chemical 1{s present, the concentration 1{s below the detection 1imit
reported, However, it is also possible that the chemical was not present
In the sample.

There are several approaches for use of data reported as non-detected,
The data can be excluded from the data base, 1isted as zero, or listed as
one-half the detection 1imit. For this risk assessment, arithmetic means
were calculated using one half the detection 1imit for data which was
reported as less than the detection 1imit, Method detection limits were
obtained from the contract laboratory and are listed In Appendix H.

When a compound was detected (quantified or estimated) but the value is

quastionable hecause the chemical was also found in a related blank
sample, one half the reported sample value was used,

Calculation of Reasonable Maximum Exposure (RME)

Prior to 1989, EPA protocol required that the risk associated with the
maximum concentration be evaluated. However, current protocol recognizes
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that the maximum concentration does not represent a reasonable exposure
concentration. At this time, EPA recommends that the 95 percent upper-
bound confidence interval for the arithmetic mean be used to represent a
reasonable maximum exposure (RME).

In simpler terms, the average or means represents the central observation
or most commonly observed concentration if a very large number of samples
(e.g,, greater than 100,000) were collected. If the data behave accord-
ing to certain assumptions, in 50 percent of the samples the actual con-
centration s predicted to be lower than the average and in 50 percent of
the samples the concentration may be higher than the average.

The RME 1s used to account for the fact that the actual number of samples
s relatively small for accurately predicting the average, The RME Is a
statistical estimate of the highest average concentration predicted to
occur In 95 out of 100 sets of samples.

The RME s a conservative estimate of the risk since it assumes that a
concentration equal to the upperbound confidence Interval of the average
for every chemical of concern is present in one hypothetical residential
Wil

The methods and equations used to calculate the RME are presented in
detail {in Appendix T. The methods are those recommended by EPA risk
assessment protocol and presented in Gilbert, 1987,

5.3.4 Identification of Uncertainties

Exposure assessment assumptions are selected to estimate an upper con-
centration 1imit and the amount of each chemical that individuals take
into their bodies.

Exposure assumptions tend to estimate the risk for a large percentage of
the population and, therefore, be protective of human health. Each of
the assumptions and fts basls were discussed in detail in Section 5.3.2,
The assumptions tend to be conservative, For example, the carcinogenic
risk assumes that exposure occurs dally for 70 years.

The estimated exposure concentrations tend to be conservative for two
reasons. First, the average assumes that all the chemicals are present
at one half the detection 1imit for samples with non-detect results, It
ts 1ikely that for many of the wells, the chemicals are not present at
all, Also, the RME represents an upperbound confidence interval concen-
tration, The rational behind the use of the RME is that an area of higher
concentrations may not have been detected, The sufficiency of the number
of wells and appropriateness of thefr locations improves the confidence
level in the data base,
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There 1s some uncertainty in the exposure assessment associated with the
lack of chemical specific dermal permeation constants for several
potential chemicals of concern. Constants selected for these compounds
were based on similarities in chemical composition since Iiterature
values for many compounds are not avallable, The absence of chemical
specific  permeation constants may have elther overstated or
underestimated the risk,

5.3.5 Summary of Exposurg Assessment

The only media of concern identified was the groundwater. The exposure
pathways identified was the residential use of groundwater. This pathway
includes 1ingestion of water, inhalation of alrborne contaminants, and
dermal absorption of contaminantion through water usage, Future usage of
the site 1s considered to be the same or the current usage,

5.4 TOXICITY ASSESSMENT

The toxicity proftles provided in Appendix U summarize chemical and
toxicological information on the chemicals of concern. A more technical
presentation of toxlcological data for the chemicals {s given in Appendix
V. Unless otherwise noted, the technical toxicological profiles were
obtained from the Integrated Risk Information System (IRIS).

EPA toxicologists derived toxicity values after an extensive review of
~ the available data for each chemical, Although data from epidemiological
studies on human exposure is the most valuable, generally the only data
avallable are laboratory studies with animals. There s some uncertainty
in results from using laboratory studies with animals since the animals
are usually exposed to high doses of chemicals for short periods of
time. ODose-response evaluations utiiize this data to assess the poten-
tial for health effects in humans exposed to low doses for long periods,

Toxicity values for each parameter can differ depending on the way humans
are exposed to the chemical. Chemicals can be taken into the body
through the gastrointestinal tract after ingestion of soil, sediment, or
water (oral); Into the lungs after inhalation of vapors or particulates
In the air (inhalation); and into the body through the skin after contact
with chemicals in sotl, sediment, or water (dermal).

Some chemicals are not as potent via one exposure route versus another,
Thus, different health effect factors have been established for each
route of exposure. For example, certaln metals, such as hexavalent
chromium, have been shown to have carcinogenic effects via inhalation but
not via Ingestion,
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Chemicals can also have hoth carcinogenic and noncarcinogenic effects,
Therefore, 1t Is possible that a chemical can have both a carcinogenic
health effect factor for oral and fnhalation exposure and a non-
carcinogenic health factor for oral and Inhalation exposure.

The toxicity values used for this risk assessment to assess human health
effects are presented In Tables 5~6 and 5-7. The following sources were
used t? identify toxicity values and are listed in order of preferential
selection,

Integrated Risk Information System (IRIS)

IRIS 15 an on~line computer data base that presents toxicological assess-
ments of chemicals and the status of EPA-approved toxicity values. The
toxicity values obtalned through IRIS are current as of January 1990,

Health Effects Assessment Summary Tables (HEAST)

The EPA Office of Emergency and Remedial Response publishes a quarterly
summary of toxicity values from a variety of recognized sources in addi-
tion to IRIS., The toxicity values obtained through HEAST were taken from
the Fourth Quarter, 1989,

5.4.1 Toxicity Information for Noncarcinogenic Effects

The potential for adverse noncarcinogenic health effects is estimated
with a toxicity value known as a reference dose (RfD). RfDs are associ-
ated with an adverse health effects which are also referred to as
toxicity endpoints., The RfDs and toxicity endpoints for the chemicals of
concern are |isted in Table 5-7,

Reference Dose

The model to determine RfDs from the dose-response assessment assumes
that there {s a concentration for noncarcinogens below which there is
11ttle potential for adverse health effects over a lifetime of exposure,
The RFD s designed to represent this threshold level,

The RfD ts calculated from the highest chronic (long-term) exposure level
that did not cause adverse effects (the no-observed-adverse-effect-level
or NOAEL) in animals, The NOAEL {s divided by a factor to account for
any uncertainty such as using data on animals to predict effects on
humans and an allowance for sensitive individuals. Uncertainty factors
range from 1 to 10,000, based on the confidence level associated with the
data, The resulting RfD (mg/kg of body welght per day) Is used to
quantify the risk.
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Toxicity Endpolnt

The determination of adverse impact for noncarcinogens is based on a wide
variety of responses ranging from increases in organ weight, changes in
blood chemistry, to death. Noncarcinogenic effects are also defined by
the toxicity endpoint in laboratory animals used to identify the RfD,

5.4.2 Toxiclty Information for Carcinogenic Effects

The EPA approach for evaluations of carcinogens assumes that exposure to
any level of a carcinogen, no matter how low, has a certain probability
of causing cancer, The toxicity value calculated for carcinogens fs
known as the potency factor (PF). The welght-of-evidence 1s a qualita-
tive descriptor that is important to the interpretation of carcinogenic
risk. The PFs and welght-of-evidence for the chemicals of concern are
listed in Table 5-6.

Potency Factors

The PF 15 calculated with a mathematical model that draws a 1ine based on
data from laboratory animals exposed to high doses and extends it to
predict potential increases In cancer rates for humans who are exposed to
low doses. Then confidence {intervals are calculated for the line. The
stope of the line which represents the 95 percent confidence interval is
known as the potency factor or slope factor. The use of the upperbound
confidence interval means that there is a 95 percent probability that
the actual risk will be less than that predicted by the model. The units
for the PF are (mg/kg of body weight per day)-l.

He lght-of-Evidence

The welght-of-evidence reflects the degree of confidence in the data used
to determine that the chemical ¥s a human carcinogen., EPA toxicologists
recognize that the risks assoclated with a known human carcinogen, based
on epldemiological studies, should be evaluated differently than a
chemical which causes tumor production in a limited number of laboratory
animals. Each carcinogen is assigned to a group depending on the quality
and quantity of evidence for carcinogenicity in humans and animals. The
definitions for the groups are presented in Table 5-8,

5.4.3 Chemicals Without Available EPA Toxicity Values

Uncertainty 1s low with regards to omission from the risk calculations of
chemicals without EPA toxicity values. All the identified chemicals of
concern have EPA toxicity values. Therefore, the only chemicals not
{ncluded In the risk assessment are the TICs, In the majority of the
samples, the TICs are 1listed as unknown. In the two wells with names
assigned to the chemicals, 26A and MSW-7-25, the TICs are generally
assoclated with petroleum hydrocarbons, The adverse health effects
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associated with long-term exposure to petroleum hydrocarbons have been
attributed only to the carcinogenic components such as benzene and poly-
aromatic hydrocarbons (PAHs) (Bingham et al., 1980). Benzene is included
tn the risk assessment; no PAHs were detected in the groundwater.

5.4.4 Uncertainties Related to Toxicity Information

In the general profiles, much of the information on human health effects
from chemicals 1{s based on occupational exposure. Adverse effects
observed in the workplace are a valuable source of toxicological tnforma-
tion, Some of the health effects studtes discussed in the toxicological
profiles presented in Appendices U and V may have been used by EPA
toxicologists to help determine health effects at much lower concentra-
tions. However, the reader should keep in mind that many of the health
effects observed for the workplace are acute or short-term, high level
effects. HWorkplace exposure levels are generally much higher than the
potential exposures encountered at the Chem-Solv site. The adverse
effects presented in the general profiles (Appendix U) are not
necessarily comparable to the potential effects related to exposure con-
centrations predicted by the Chem-Solv risk assessment.

The dose-response assessment for the majority of chemicals relfes on an
extrapolation of known effects on animals to humans. The use of data
based on animal studies to predict impacts on humans is an area of
uncertalnty, particularly because different species of animals respond
with different sensttivities to chemicals. Also, there are many models
avallable which extrapolate animal data to_humans and the toxicity
values generated from the same data by different models can very sub-
stantially, The models used by the EPA tend to be conservative and are
unlikely to underestimate the risk. The method used by the EPA for PFs
uses a 95 percent upperbound confidence interval, which means that while
the actual risk 1s unltkely to be higher, it could he much lower.

5.6 RISK CHARACTERIZATION

The risk charactertzation combines the exposure dose with the toxicity
value to estimate a numerical value for the risk, There are several
differences between the numerical value used to describe risk for
carcinogens (cancer risk) and the value used for noncarcinogens (hazard
index, HI). The methods and results for this risk assessment are
presented separately for carcinogens and noncarcinogens.
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5.5.1 Carcinogenlc Risk Characterization
5,5.1.1 Methods

Carcinogenic risk 1s calculated by multiplylng the exposure dose (chronic
dally intake [CDI1) times the slope factor, The resulting value is the
probability of an increase in the Incidence in cancer and should not be
directly interpreted in terms of the number of cases of cancer in the
exposed population, The risk level of 1 x 1076 can also be viewed as a
one In one million probability that there will be one additional case of
cancer,

Cancer risk estimates for the same chemical in different exposure path-
ways are added together. Also, cancer risks for different chemicals are
added t?gether to determine the risk associated with exposure to all the
chemicals,

5,5.1.2 EPA Guidance on Cancer Risk

EPA has not established an acceptable level of risk. A range of cancer
risks of 1 x 10°% to 1 x 108 has been ident!ftad for Superfund
sites, This means that target risk levels should be between an upper
1imit of a 1 In 10,000 probability of cancer incidence to a lower 1imit
of 1 in 10,000,000, A total cancer risk of 1 x 10~0 {s often used as a
benchmark by state and federal regulatory agencles,

5.5.1.3 Discussion and Interpretation of Cancer Risk Results

The results of the cancer risk calculations for each exposure pathway are
presented in Appendix P. Tables 5-9 and 5-10 present the risk associated
with each chemical and pathway for the near and far wells, respectively.

The average cancer risk associated with the near wells for all pathways
was within the EPA target risk range with a value of 1 x 10-4, The
risk associated with the RME, however, exceeded this range. Trichloro-
ethene was greater than 50 percent of the tota) cancer risk within the
near well group.

For the far wells, the cancer risk assoctated with the average exposure
for all pathways was stightly over the EPA target risk range with a valtue
of 1 x 10-4, " RME cancer risks exceeded the target range, 5 x 10-4,
For the far wells, benzene was the highest contributor to the cancer risk
(greater than 60 percent), followed by trichloroethena.

Ingestion of Groundwater
The_average and RME cancer risk associated with the near wells was 6 X

10-3 and 2 x 10-4, respectively, Approximately 50 percent of the
risk can be attrtbuted to trichloroethene, and 33 percent to benzene.
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, fFor the far wells. the cancer risk assoclated with the average and RME

f—\\ was 1 x 10"% and 3 x 10~%, respectively, Agaln, benzene and

; trichloroethene contributed to the majority of the risk, However,
approximately 70 to 80 percent of the risk can be attributed to benzene,
and 20 percent to trichloroethene. 1,2-Dichloroethane contributed
approximately 5 percent of the risk for the far wells,

Inhalation of Indaor Alr

The average and the reasonable maximum cancer risk assoclated with
inhalation of airbaorne contaminants from the groundwater for the near
wells was 7 x 1070 and 3 x 10~%, respectively. The majority of the
risk (approximately 70 percent) was attributed to trichloroethene, while
benzene represented the remainder of the risk. For the far wells, the
canzer risk associated with the average and RME was | x 1079 and 3 «x |

10-4, respectively., Benzene contributed of approximatety 70 to 80
percent of the risk and trichloroethene contributed 20 percent.
1,2-Dichloroethane contributed less than 5 percent of the risk for the
far wells,

Permal Absorption of Groundwater Dyring Use

For the near wells, the average and the reasonable maximum cancer risk
assgciated with dermal absorption of contaminants was 1 x 10~9 and 3 X
10-9, respectively. Benzene and trichloroethene equally contributed 50
percent of the risk. The cancer risk assoclated with the average and RME
. for the far wells was_ 4 x 10~ and 1 x 10-4, respectively, The
% majority of the risk (approximately 75 to 90 percent) was attributed to
- benzene, Trichloroethene contributed only 10 percent of the cancer risk.

A General Discussion of Cancer Risks

The {nterpretation of cancer risk 1s complicated by the absence of

guidance from the federal government on acceptable risk, Instead, the :
decisfon to remediate a site and the determination of a clean-up levels |
Is made on a case~-by~case basis within the Superfund target range.

The target risk range (1 x 104 to 1 x 10~6) {dentified for Superfund
Is consistent with that for other federal agencies that make risk-based

decistons. A review of criteria for foods, pesticide use, and occupa-

tional safety shows that other agencies such as the Food and Drug
Administration (FOA) and Occupational Safety and Health Organization

(OSHA) frequently make risk-based decisions within this range. Sometimes

risk-based decisions have used cancer risks as high as 1 x 10-3

(Rodericks, et al., 1987).

It |s also helpful to consider the risks assoclated with this site in a
context of normal, everyday risks, The cancer risk assoclated with
natural background radiation is greater than 1| x 10~ and the risk from
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smoking 1s greater than 8 x 102, or 8 in 100, Strictly speaking,
unavoldabie risks such as natural radiation and voluntary risks such as ( »
smoking can not be compared to those risks associated with chemicals |
contamination due to human activities, This information on risk is

{ncuded iust to heip the reader's perspective on varfous levels of

cancer risk.

5.5.2 Noncarcinogenic Risk Characterization
5.,5.2,1 Methods

The numerical value for noncarcinogenic risk 1s the Hazard Index (HI),
The HI is the ratio of the exposure dose to the RfD and Is calculated by
dividing dose (chronic daily intake or CDI) by the RfD, The HI is not
strictly an estimate of the risk, but a number which compares CDI to a
level considered to have 1imited potential for 1ifetime health effects,
Hence, HI values greater than 1 indicate that exposure exceeded the
acceptable datly level while HI values less than 1 show that exposure is

tower,

Similar to cancer risks, the -HI values for each chemical are summed
together to assess the overall potential for noncarcinogenic effects,
This approach was developed by EPA based on the the assumption that
simultaneous subthreshold exposures to numerous chemical compounds can
result in an adverse health effect (EPA, 1986).

5.5,2.2 EPA Guidance on Hazard Indices C)

EPA has not established specific guidance for acceptable HI values,
However, since an HI value of 1 {indicates that lifetime exposure has
1imi ted potential for causing an adverse effect in sensitive populations,
values that are less than one can generally be considered acceptable,
Values greater than one are usually given closer attention. For values
greater than one, the magnitude of the uncertainty factor and toxicity
endpoint are included in the evaluation.

5.5.2,3 Discussion and Interpretation of Hazard Indices

The results of the HI calculations for each exposure pathway are
presented in Appendix P. Tables 5-11 and 5-12 present the hazard index
associated with each chemical and pathway for the near and far wells,

The HI values for individual cpemicals and the total HI for each pathway
did not exceed unity (the value of one), Therefore, for the exposure
pathwgy; examined, potential noncarcinogenic health effects are not
expected,
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Ingestion of Groundwater

The average and the reasonable maximum HI values associated with the rear
wells were 0.009 and 0,03, and 0.01 and 0.02 for the far wells, respec-
tively, For the near wells, the HI assoctated with acetone (0.004)
consists of approximately 50 percent of the total HI value, Tetrachloro-
ethene and 1,1,1-~trichloroethane each represent approiimately 25 percent
of the total HI, For the far wells, acetone, tetrachloroethene, and
l.l.l—g;ichloroethane represent the majority of the HI (approximately 80
percent).

Inhalation of Groundwater During Use

The average and the reasonable maximum HI values assoclated with
inhalation of alrborne contaminants from the groundwater for the near
wells were 0,007 and 0,02, respectively, The majority of the risk
(approximately 75 percent) was attributed to acetone and tetrachloro-
ethene, The HI for the far wells was 0.009 and 0.02 for the average and
RME, respectively, Acetone, tetrachloroethene, and chloroform con-
tributed of approximately 70 to 80 percent of the total HI value,

Dermal Absorption of Groundwater During Use

For the near wells, the average and the reasonable maximum HI values
assoclated with the derma) absorption of contaminants were 0,002 and
0,005, respectively, The majority of the HI value was almost exclusively
the result of tetrachloroethene. The HI values associated with the
average and RME for the far wells were 0,002 and 0.004, respectively.
The majority of the risk (approximately 50 to 70 percent) was attributed
to tetrachloroethene,

§.6,3 Uncertajnties in Risk Characterization

Areas that represent some uncertainty In the risk assessment include the
toxicological effects of chemical mixtures and the presence of any
unknown chemicals,

There 1s very little information on the toxicological effects of
mixtures, In some cases, the presence of several chemicals together may
result in an enhancement of the overall toxicity (synergistic) effects

Other chemicals mixed together may result in fewer toxic effects
éant:gonism). There 1s uncertainty assoclated with having many chemicals
ogether,

Lastly, the chemical analyses were for specific parameters. The
chemicals evaluated are those that have been {dentifled as the most
important chemicals in air, sof}, and water, The possibility exists that
other chemicals are present that were not detected,
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The Information included in the general toxicity profiles (Appendix W)
represents a broad spectrum of studies that are avallable on health
effects. The conclusions may or may not have undergone extensive review
to determine thelr significance or valldity. The technical profiles
discuss the adequacy of the studies presented and define those which EPA
considers adequate to support an assessment of the adverse health effects
of the chemical,

5.6 ENVIRONMENTAL ASSESSMENT

The environmental assessment determines the potential for adverse health
effects to the environment using essentially the same approach as the
risk assessment used for human health, with the addition of a stte
blologtcal survey. The steps Include a descripttfon of relevant aspects
of the site, identification of chemicals of concern, exposure pathways,
toxicity assessment, and risk characterization. The final step 1s a
survey of the site conducted by a tralned field biologist to determine
any observable impacts.

5.6,1 Site Description

The aspects of the site description relevant to the environmental assess-
ment are site's the proximity to surface water, points of discharge for
groundwater, and terrestrial community, Surface water at the Chem-Solv
site infiltrates to the soll or runs onto the adjacent highway so that
there are no surface drainage bodies of concern. The point of ground-
water discharge 1s sufficlently far from the site that these surface
waters are uniikely to be impacted.

The terrestrial plant and animal community on the site {s the environ-
mental receptor of concern. Therefore, soil 15 the medium of concern as
this represents the only completed exposure pathway.

5.6.2 Identification of Chemicals of Concern

There are no chemicals tn the solls at significant concentrations above
background at the Chem-Solv site (see Section 5.2.3.1).

In principle, the environmental assessment process would end after the
determination that the soil is the only environmental media of concern
and that there are no chemicals of wnoncern in it, However, a site
biological -survey was conducted in order to present a complete descrip-
tion of the site and make a final determination that all aspects of the
risk assessment process had been addressed.

5.6,3 Blological Site Assessment

On June 15, 1990, a qualitative analysis of the plant communities was
conducted at the Chem-Solv site. The purpose of the amalysis was to
describe the terrestrial community and make a qualitative determination
of plant distribution patterns, L
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The area of Investigation was confined to the area within the chainlink
fence. The study area Included well 3A and the remalns of a concrete pad
1n the north central portion of the area (Figure 5-1), The entire study
area s characteristic of an early successional stage meadow. HWithin
this meadow, three microcommunities were defined based on patterns in the
distributfon of species. FEach of the three communities separately
fnhabits approximately one-third of the site. A presence/absence matrix
of the preduminant taxa observed on the Chem-Solv site 1s provided in
Table 5-14. Four photographs of the site are presented in Figure 5-2,

In Area 1, the western one-third of the site, has more perennial toxa
than Area 2 and the dominant vegetation is several specles of clover, Cow
vetch, fleabane, plantain, ironweed, and several perennial grasses (Table
5-14; Figure 5-2, Photograph 1). In Area 2, the middle one-~third of the
site which includes well 3A, the dominant vegetation is similar to Area |
and )ikewise includes several species of clover, cow vetch, fleabane,
plantain, {ronweed and perennial grasses. Photographs 2 and 3 depict
representative portions of this area.

Area 3, the eastern one-third of the site, is the area where remediation
has occurrad, Although this area supports many of the same plant taxa as
Areas 1 and 2, several of the more common taxa in the other areas are
absence from Area 3. The most conspicuous absences include cow vetch,
fleabane, planatain and, most of the perennial grasses. Area 3 is the
only one of the three areas to contain taxa (e.g., rush) with an affinity
for wet conditions. Photograph 4 depicts Area 3.

All three communittes are characteristic of early successional stages.
The high proportion of legumes (e.g., clover and cow vetch) suggests poor
nutrient conditions in the soil, In succession, nitrogen fixers (plants
that can take atmospheric nitrogen and convert it to form usable by most
other plants) are typfcally the first plants to colonize a recently
disturbed area. As succession proceeds, annual taxa are next to invade
and these annual plants are then typically outcompeted and displaced by
perennial taxa.

The most 1ikely explanation for the differences in the plant communities
on the Chem-Solv site is based on the history of the site. The three
plant communities appear to have different histories of disturbance.
Area 3 is the most recently disturbed. The date of disturbance can be
traced to the remediation of the solls, Thus, this area supports the
fewest number of perenn‘al taxa compared to Areas ) and 2, Area |
supports the greatest number of perennial taxa and is Tikely the oldest
of the communities. Area 2 Is fintermediate in occurrence of perennials
and was llkely disturbed during the installation of Well 3A. Therefore,
the differences in the communities can best be explained by the age of
the communities, The occurrence of hydrophytes (i.e., molsture tolerant)
plants in Area 3 can be explained by topography. Area 3 contains a low
lying area where water accumulates following precipitation events. Many
of the predominant tayxa in Areas ) and 2 cannot tolerate such wet

conditions.
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5.7 CONCLUSIONS QF THE RISK ASSESSMENT

The following paragraphs summarize the Chem-Solv assessment conclusions
(Table §~13). :

- Risk assessment protocols are designed to be conservative to
account for uncertainties such as the extent of contamination
and the presence of highly sensitive Individuals 1in’ the
exposed population, The conservative approach 1s used to
assure that the results of the risk assessment will be
protective of human health and the environment, ,

The chemicals of concern at the Chem-Solv site are the 10
volatile organic chemicals detected in the groundwater:
acetone, chloroform, methylene chloride, tetrachloroethene,
toluene, 1,1,1-trichloroethane, xylene, 1,2-dichlorcethane,
benzene, and trichloroethene,

The Tnorganic chembcals in the soil and yroundwater and the
organic chemicals in the soll are etther within the range of
natural background, or detected infrequently and at low
co??ﬁn§rat10ns so that their presence as site-contamtnants is
unlfkely,

In the near well group, those most 1ltkely to contain
chemicals from site-related activities, the maximum or RME
cancer risk is 5 x 10°4, The cancer risk associated with
the average concentration is 1 x 10-%, The majority of the
risk (greater than 50 percent) s due to trichloroethene,

In the far well group, the maximum or RME cancer risk is 7 x
10-4,  The cancer risk associated with the average concen-
tratton is 2 x 104, The majority of the risk (greater
than 60 percent) is due to benzene found tn Well MWS 7-25,

The leve) of potential exposure to all chemicals with
noncarcinogenic effects 1s over 10 times lower than the lével
considered unlikely to produce an adverse {mpact for a
1ifetime of exposure.

There 1s no evidence of widespread distributton of Ithe
stte~-related chemlcals, i.e., chlortnated  solvents.
Trichloroethene was detected in 3 of 12 downgradient wells
and tetrachloroethene was detected in 2 of the 12 wells, ¥

There s evidence to suggest that some or all of the ton-
taminants in Hells 26A and MHS-7-25 may be due to 1eakad of
gasoline or other fuel from former offsite underground
storage tanks. The chemicals without positive {dentifica-
tion, TICs, 1in these wells are components of combustion
fuels. This Information s discussed in more detal] in

Section 4.3.1.1, Aﬂ?0||3| K;)
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There are drinking water wells in the vicinity of the site,
although these wells are deeper than the area of contamina-
tion. The state has an ongoing monitoring program for
contamination of the residential drinking water supplies.

There is no environmental risk associated with the Chem-Solv
site. There are no completed exposure pathways due to the
absence of sof] contamination, surface waters on or adjacent
to the site, and a polnt of groundwater discharge at a
sufficient distance to reduce the levels of the chemicals of
concern. A site-survey confirmed that the minor differences
In the terrestrial community across site can be attributed to
sol1 disturbance during remedial activities.
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e 5-1
SUMMAAY OF SOI, SAMPLES ANO COMPAMSION TO BACKGROUND CONCENTRATIONS

CHEM-BOLY, INC, SITE REMEDIAL INVESTIQATION
CHESWOLD, QELAWARK
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TABLE 5-2
CHEMICALS DETECTED IN GROUNDWATER - NEAR WELLS

CHEM-SOLY, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Frequency of  Range of Sample Range of Detected Background
Chemical Detection*  Quantitation Umits Concentrations Levels

(ug/) (ug/) {ug/)

Acetone 10-50 110 <10
Benzene 5-25 53.200 # <5
Tetrachloroethene §5.25 [} <5
Toluene 5.25 3 <5
1,1,1- Trichloroethane §.25 23 <5
Trichioroethene §-25 5-540 ‘ <5

*  Number of samples in which the chemical was positively detected over the number of samples avallable,
# Duplicate samples were analyzed for this sample

Compiled by: BCM Engineers Inc. (BCM Project No. 00-6012-02)
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TABLE 5-3
CHEMICALS DETECTED IN GROUNDWATER - FARWELLS

CHEM-SOLYV, INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Frequency of  Range of Sample Range of Detected Background
Chemical Detection*  Quantitation Limits Concentrations Levels

{ug/) {ug/) {ug/)

Acetone 10-50 5t-110 <10
Benzene 5.25 63 -830 <5
Chloroform 5.25 2 <8
1,2-Dichloroethane 5.25 18 ¢5
Methylene chioride 5.25 5 <5
Tetrachloroethene §-25 8 <5
Toluene 5-25 3 <5
1,1,1- Trichloroethane §.25 23 <5
Trichloroethene §-25 §-540 <5
Xylene 5.25 24 <5

<

*  Number of samples in which the chemical was positively detected over the number of samples available,
# Concentration was detected in an USEPA split sample
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TABLE 5-4
ASSUMPTIONS USED IN CALCULATING EXPOSURE

CHEM-SOLY, INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Reference
Ingestion of Groundwater

Ingestion Rate (Iiters/day) EPA, 1989a
Body Weight (kg) - adult EPA, 19892
Lifetime Exposure (years) EPA, 1989

Dermal Absarption from Graundwater Use

Skin surface area - Adult EPA, 1989
Exposure timo {\ours/event) EPA, 1988
Exposure frequency (events/year) Sita Specific
Exposure duration (years) Site Specific
Body weight (kg) - Adult EPA, 1989¢c
Lifetime Exposure (years) EPA, 1989a

Inhalation from Graundwater Use
Assumptions used to calculate Inhalatlon exposure EPA, 1986

are listed in Appendix

Compiled by; BCM Englneers Inc, (BCM Project No. 00-6012-02)
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TABLE §-5
CONCENTRATIONS USED IN RISK ASSESSMENT CALCULATIONS IN PPB

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Far Wells Near Wells

Chemical
“Average  AME Average  RME

Acetone 1264 281 13,16 43,03
Benzene 95,68 282,56 25,53 95.6
Chioroform 0.59 0.94 vee nee
1,2.Dlchloroethane 177 535

Methytene chloride 257 3.18 .. ...
Tetrachloroethene 0.89 15 116 2,65
Toluene o4 on 0.54 1.3
1,1,1- Trichloroethane 285 791 5.09 17.52
Trichioroethene §535 17717 11034  408.54
Xylene 2 8,08 e e

Compound not detected in the onsite wells
AME - Reasonable maximum exposure Is defined as the upper bound 85
percent confidence interval of the arithmetic average.

Compiled by: BCM Englneers Inc, (BCM Project No, 00-6012-02)
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TABLE 5-8
TOXICITY VALUES: POTENTIAL CARCINOGENIC EFFECTS

CHEM-SOLY, INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Slope Factor Welght -of-Evidence Tumor ' Sourca of
Chemical {mg/kg-day)-1 Clasgification Site Slope Factor

Benzene Oral Leukemia
o Inhalation Leukemia
Chioroform Oral Kidney
Inhalation Kidney, Liver
1,2:Dichloroethana  Qral Clrculatory System
Inhalation Clrculatary System
Methylene Chloride  Oral Liver
Inhalation Lver, Lung
Tetrachloroethene  Oral Liver .
Inhalation Leukemla, Liver -
Trichloroethene Oral Liver ’
Inhalation Lung

* Inhalation slope factor not detarmined for Methylene Chlorlde;
oral slope factor used for exposure calculations,

1RIS - Integrated Risk Information System

HEAST - Health Effects Assessment Summary Tables

Complled by : BCM Englneers inc, (BCM Project No. 00-6012-02)
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TABLE By
TOXICITY VALUES: POTENTIAL NONCARCINOGENIC EFFECTS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

Oral * Uncertainty and
Chemical Chranic RID Confidence  Critical RID  Modifying Factors
(mg/kg-day) Level Effect Source UF MF

Acetone 0.1 Low Kidney, Liver  IRIS
Chloroform 0,01 Medium  Liver IRIS
Methylene Chloride 0.06 Medium  Liver IRIS
Tetrachloroethene oM Medlum Liver IRIS
Toluene 0.3 Medium  Blood IAIS
1,1,0-Trchloroethane 0,09 Medlum Liver RIS
Xylene 2 Medium  Montality IAIS

{RIS - Integrated Risk Information System

* Inhalation RfD have not been deteimined; oral RID values were used In the exposure caiculations,
except for 1,1,1-trichloroethane, HEAST lists an inhalation RD of 0.3 mg/kg-day for 1,1,1-
trichloroethane, Critlcal effect Is the central nervous system and uncertalnty factor of 100,

Compited by: BCM Engineers Inc, (BCM Project No, 00-6012-02)
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TABLE 5-3

EPA CATEGROIES FOR POTENTIAL CARCINOGENS

CHEM-SOLV, INC. SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

EPA Group ',

Category Description 'y Evidence

Group A Human , Sufficient evidence from epidemiologic
Carcinagen studles to support a causal association
_'betwaen exposure and cancer in humans

Group B1 Prabable Human "Limited evidence in humans from
Carcinogen ' epidsmiclogic studies

Group B2 Possible Human Sutficlent evidence In animals,
Carclnogen -Inadequate evidence in humans
]
GroupC Possible Human  Limited evidence in animals and/or
Carcinogen carinogenic properties In short-term studies

Group D Not Classifled + Inadequate evidence in animals
Group E No Evidence ;No avidence in at least two adequate

,animal tests or in both epldemiclogic
and animal studies

Source; EPA, 1986
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TABLE §-9 m
|

CANCER RISK ESTIMATES « NEAR WELLS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

COl (mg/kg-day) Slope  Weightot Chemical Spacifio Risk  Total Exposure Pathway
Chemical Average RME Factor  Evidence  Average  RME Avarage AME

Benzene T.30E-04 270E03
Tetrachloraethens 3.30E05  7.60E05
Trichloroethane J,20E00  1.20602

ot Ganaminars i i

Benzens 6,90EQ4  2.60E-03
Tetrachlorosthene 310605  7.20E-03
Trichlotaethene JME0T 110602

Benzene 283604 1.06EQ3  0.029
Tetrachloroethans 101608 J87EQ8  0.081
Trichiorosthens 459605  170E04 00N

TOTAL EXPOSURE 1604 SE4

RME - Reasonabie maximum exposure is defined as the uppsr bouna 93 parcent confidence
Interval of the arithmatic average

Compiled by: 8CM Engineera Inc, (BCM Project No, 00-8012:02)

AR30IILS (U

7/10/%0

R ey
A T

14 the pagé' filtmed in this {rame is not as readable or Legible.as. this-
Label, it {4 due to substandard coloa ox condition of the ondpinal page.




5]

TABLE 510
CANCER RISK ESTIMATES - FAR WELLS

CHEM-SOLV, INC. SITE REMEQIAL. INVESTIGATION
CHESWOLD, DELAWANE

~ COI (mgy/kg-day) Slope  Welghtat Chemical Spacitic Risk Total Exposure Pathway
Chemica Average AME Factor  Evidence  Average AME Average AME

Exp&&ah? nﬁy::h'gv‘\iﬂbﬁqfdihf‘u"
C R N
i

Benzene

Chiorefarm \J0E05  270E05 0,006
1,2-Oichiorosthane p.|OE-05 150804 0091

Methylene chioride 730605  9.10E-08 00075
Tetrachloroethene 250E-05 430E08 0.081

Tiichiorasthene 1.606:03 510603 00N

. . I : .
Exposue Pathway:-inhalation of Contaminants n Groundwater Quing Use.. . . "

Benzene 260EQ3  770E03 0029
Chiorafarm 160608 2680608 0081
1,2-Dichioronthane 4,80EQ5 15004  0.091
Methylene chloride  7,00E05  0.60E05 0,007
Tetrachiorosthens 240E:05  4,10E:03 00033
Trichlcrasthene 1.50E03 480603 0017

e T s L e EE T e
Expoture Fathway;. Cammad Absortion of Contaminanis in Groundwaie:During Use.:

Benzene 106603 013603 0,029
Chloroform 409E-08 651608 00061
1,2.Qichiorosthans V2E08  ATIELS o0
Mathylene chioride 178605 220608  0.0078
Tetrachloroetnene t20E05 2086085 0,081
Trichloraethene 230E05  7.97E08 00N
4EQS 1604

TOTAL EXPOSURE 2604 TEO4

RME - Reasanable maximum exposyre Is defined as the upper bound 65 percent
contidence interval of the mmmoth \verage
]
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TABLE §5-11

CHRONIC HAZARD INDEX BSTIMATES « NEAR WELLS

CHEM-SOLV, INC, SITE REMERIAL INVESTIGATION
CHHSWOLD, DELAWARE

COl {mg/hg-any) RID Hazad index Pathway Hazard index
Chemical Avirage RME  (ma/kg-day) Average AME Average RAME

Acotone
Tetrachlorasthene
Toluene

1,1, 1:Trichloraethane

Acetons
Tetrachioroethene
Toluene
1,1,1Tiichlorcethane

Acetone 1,49E-08
Tetrachloraethene 167608
Toluene 450508
1,1, 1:Trichlarasthane 1.216:04
0,002

TOTAL EXPOSURE 0.02

RME - Reasanable maximum exposure is defined as the upper bound 95 percent
canfidence intervet of the aithmetic average

Complted by: BCM Enginears Inc, (BCM Project No, 00-6012.02)
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TABLE §.19

CHRONIC HAZARD INDEX ESTIMATES « FAR WELLS

CHEM-SOLV, INC, SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

COI {mg/kg-day) RID Hotard Index Pathway Hazard Index
Chemical Average AME  (mp/kg-<ay} Average AME Average AME

3,60E-04
Chlaroform 1,70E-05
Mathylene Chicride 7.30E-08
Tetrachioroginane 2,50E:05
Tolusne 1,208:08
1,1,1:Teichloroethans  8,106-05

7.80E-08

Chiaroform 1.62E-05
Mathylens Chioride 6,94E-05
Tetrachioroeinens 2,386-05
Tolusne 1,14E.08
1,,1«Trichlorosthane  7.70E-05
Xylsne 741E-08

Acatone 4%8E06 974606
Chloroform 409E06 631606
Methylsne Chioride 1,78E08  2.20E05
Tetrachlorosthene 1,.20E-08 208608
Tolusne 142606  246E-08
1,10+ Trichlorasthane  1,97E-05  5,48E-05
Xylene 181608 447605

TOTAL EXPOSURE

AME < Reasonable maximum exposure Is defined as the upper bound 98 percent
confidence Interval of the arithmetic average

Compiled by: BCM Engineers inc, (ECM Project No, 00-6012.02) A R 3 U l l l’ 8

7/10/%0

v

I the page Litmed in this frame is not as readable ot Legible.
Label, it {4 due to substandard color o condition of ?thegoug'i::lt%;é,




TABLE 6-13
SUMMARY OF RISK

CHEM-SOLV, INC, REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

CANCER RISK HAZARD INDEX

Pathway Average RME  Average RME

Far wells Ingestion 1E-04 3E-04 001 0.02
Inhalation 1E-04 3E-04 0.009 0.02
Dermal 3E-05 1E-04 0.002 0.004

2E-04 7E-04 0,02 0.04

Near weils Ingestion 6E-05 2E-04
Inhalation 7605 3E-04
Dermal 1E-05 3E-05

Total  1E04 5E-04 0,02

RME - Reasenable maximum exposure is defined as the upper baund 95 percent
confidence interval of the arithmetic average,
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TABLE 5-1.4

CHEM~SOLV  INC. SITE REMEDIAL INVESTIGATION

PRESENCE~ABSENCE MATRIX OF PREDOMINANT PLANT TAXA
WITHIN THE THREE PLANT COMMUNITIES

Community

Common Name

White clover

Low hop clover
Rabbit~foot clover
© Cow vetch

Yellow sweet clover
Plantain

Fleabane

Aster

Ragweed

Hungarian brome
Little bluestem
Japanese brome
Ironweed

Dock

Wild onien

Mustard

Rush

Wild berry
Japanese honeysuckle

Scientific Namne

Trifolium repens
Trifolium procumbens
Trifolium arvense
Vicia cracca
Melioctus officinalis
Plantago sp.
Erigeron sp.

Aster sp.

amprosia sp.

Bromus inermis
Andropogon sp.
Bromus japanicus
Veronica sp.

Rume+ sp.

Alium cernuum
Brassica sp,

Juncus sp,

Rubus sp,

Lonicera japonica

+ denotes presence of taxa

- denotes absence of taxa

i

+
+
e
+
L
o+
+
+
+
+
+
+
+
+

11 L3+ 4+ 1 FFFF A+ 0+ 4

++++FFFF 0 FFF L FF
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6.0 CONCLUSIONS AND RECOMMENDATIONS m
i

6.1 CONCLUSIONS

Evaluation of data obtained for the Chem-Solv, Inc. site supports the
following conclusions:

~ The fnorganic chemicals in the soil and groundwater and the
organic chemicals in the soil are elther within the range of
patural background, or are detected infrequently and at
concentrations so Jow that thelr presence as site-
contaminants s unlikely or not of concern., EPA has agreed
with this conclusion for solls (Appendix A-8). EPA has not
yet reviewed BCM's evaluation of the groundwater data,

Groundwater quality information obtained during this and
previous investigations indicates that groundwater from the
shallow aquifer has been impacted with organic compounds,
primarily TCE and related compounds. A groundwater plume
extends in the shallow groundwater from the area below the
former distillation building to the eastern edge of Route
13, Impact to the deeper 2zones of the aquifer have been
1imited by the presence of a silt layer approximately 20 feet
below the ground surface in the victnity of the site,
However, some VOC contamination of the intermediate zone has
occurred, as indicated by low levels of VOCs in the
intermediate zone monttoring wells and nearby domestic wells.

In addition, a second plume has been identified just north of
the intersection of Routes 13 and 42, Groundwater quality
data and hydrogeologic information indicate that source(s)
other than the Chem-Solv site are fnvolved.

There is now no environmental risk associated with the
Chem-Solv site. There are no completed exposure pathways due
to the absence of soll contamination and absence of surface
waters on or adjacent to the site, The point of groundwater
discharge 1s at a sufficlent distance to reduce the levels of
the chemicals of concern. A site~survey confirmed that the
minor differences in the terrestrial communtty across site
ca2' F:i attributed to soil disturbance during remedial
activities,

AR301151 (U
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6.2 RECOMMENDATIONS

Based on the conclusions presented in this Remedial Investigation, there
s no environmental risk assoclated with the Chem-Solv site, However, to
obtatn iInformation needed to reduce uncertainties associated with the
Chem-Soly data base, BCM recommends the following additional work:

~ One additional round of groundwater sampling for selected
wells In the shaltow aquifer zone (26A, 33A, A1A, MWS-6-25,
MHS-7-25) for volatile and semivolatile compounds. This
information would provide two rounds of analytical data that
had been collected and analyzed In accordance with EPA QA/QC
progﬁﬁgl. and would provide confirmation of the data obtained
by C.

Two additional rounds of water level measurements should be
obtained to confirm the shallow aquifer zone groundwater flow
pattern delineated during this RI and to define any seasonal
fluctuations in the flow pattern. These measurements should
be scheduled 1 week following a significant precipitation
event (0.5 Inch) and 2 weeks following a major precipitation
event (greater than 2 inches) in the late summer.

9 AR301152
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