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1,0 INTRODUCTION

1,1 SHE BACKGROUND

1 , 1 , 1 Site Description

The Chem-Solv, Inc. (Chem-Solv) site Is 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 1-1),
The Chem-Solv facility occupied the southern third of a 1,5-acre property
and consisted of a one-story concrete block building, 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
building, 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, residential, and commercial, Strip
development, consisting of commercial establishments and private resi-
dences, Is found on both sides of Route 13 In the Immediate vicinity of
the site, 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 residential land use,
1,1,2 Site History

The Chem-Solv facility was In 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
"still bottoms," were collected In 55-gallon drums, These drums were
stored on the concrete pad awaiting disposal as hazardous waste,
Chem-Solv was, therefore, classified as a hazardous waste generator,
transporter, and storage facility 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 Natural Resources and Environmental
Control (DNREC) was notified of the Incident and Immediately Initiated a
site Investigation to determine the nature and extent of potential soli
and groundwater contamination. A memorandum dated September 18, 1984,
was generated by DNREC outlining Initial Investigatory activities
(Appendix A-l), The memo stated that a flreflghter at the fire scene had
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",,, observed a chemical-like material running off the concrete pad
towards the ground." Subsequent visual Inspections by DNREC personnel
Indicated contaminated soli adjacent to the location of the fire,
Indeed, DNREC-conducted vapor monitoring at the site and chemical
analysis of the soli 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 Operation Order (Order) to Chem-Solv
dated September 21, 1984 (Appendix A-2), The Order outlined DNREC1 s
belief 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 site, In addition,
the Order required Chem-Solv to remove contaminated soil 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 soil and groundwater contamination associated
with the Chem-Solv facility, Included with this discussion Is a
description of actions undertaken by DNREC In an attempt to remediate
contaminated soil and groundwater at the site,

1,2 PREVIOUS INVESTIGATION

1,2.1 Source/Soil Investigation

As stated In the memo referenced In the previous section, DNREC conducted
a limited soils Investigation Immediately following the September 7,
1984, fire and explosion at the Chem-Solv facility, Subsequently, the
owners of Chen-Solv excavated approximately 10 cubic yards (cy) of
contaminated soil and placed this soil Into 30 55-gallon drums. Although
the DNREC soil Investigation primarily consisted of vapor monitoring
using a portable photolonlzatlon device, one soil 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 Is believed that this soil sample allowed DNREC
to conclude that the VOC contamination primarily consisted of trlchloro-
ethene (TCE); 1,1,1-trlchloroethene; 1,2-dlchloroethane; 1-chloroethelene;
ethylbenzene; and toluene. Table 1-1 summarizes all Pre-RI soil 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 soli was
removed to the depth of the local water table and was staged onslte for
later remediation/disposal. Later that month, DNREC contracted with SMC
Martin Inc. (SMC Martin), an environmental consultant, to evaluate
remedial alternatives for onslte treatment of the excavated soil.

1-2 AR30KW
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1. Determining baseline concentrations of VOCs In the soil
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 stockpile, The other 24 samples were collected directly from
the stockpile. The results of this round of sampling are also contained
In Section 4,2.1,

The soil shredding process began on September 9, 1985, and continued
until November 7, 1985. The stockpiled soils were repeatedly passed
through the soil shredder equipment. Samples of the soil were taken
before and after shredding and were analyzed for VOC concentration,
moisture content, grain size, and pH. When analytical results Indicated
"acceptable levels" of VOCs In the soil after shredding, the soil was

AR30I005

SMC Martin conducted two Initial rounds of soli sampling on May 1, 1985,
and May 10, 1985. The sampling scheme was designed In order to determine:

1, Whether any contaminated soil remained In the sldewalls or
floor of the excavation

2. The range of concentrations of contaminants In the soil
stockpile for the evaluation of viable remedial alternatives

3. Whether any compounds other than VOCs had contaminated the
soils

A total of 15 samples were collected during this sampling effort:
1. Six samples from the sldewalls of the pit
2. three samples from the floor of the pit
3. five samples from the stockpiled soil
4, one sample from the drainage way

The results of these sampling events are discussed In Section 4,2,1,
Apparently, SMC Martin utilized the results from the May 1985 sampling to
conclude that soil shredding/aeration was the appropriate alternative for
remediation of the iol' and Issued "Evaluation of Remedial Alternatives
for Soil and Groundwater Cleanup at the Chem-Solv Solvent Recovery
Facility, Cheswold, Delaware," on May 18, 1985,
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On August 16, 1985, an additional 37 soil samples were collected for the (J
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placed Into the excavated pit and compacted. Otherwise, the soil was
returned to the shredder for another pass. Confirmatory soil sampling
was completed on November 11, 1985,
SMC Martin then published the findings of the soil shredding operation In
the report entitled "Removal of Volatile Organic Contaminants from Soils
at the Chem-Solv Solvent Recovery Facility, Cheswold, Delaware," on
May 20, 1986, The report concluded that the soil 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
either 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 Is contained
In Section 4,3.1.

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

Given the amount of data collected by DNREC and the prolific amount of
activity that had occurred during the hydrogeologlc 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 DNREC (Appendix 6) were utilized for ground-
water sampling events, These DNREC data sheets were compared to the
Water Quality Data Sheets contained as Attachment J In "Groundwater
Decontamination, Chem-Solv Solvent Recovery Facility, Cheswold,
Delaware," prepared by CABE Associates Inc. (CABE) In 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 May 13, 1986). Likewise, well Installation dates were obtained from
the limited number of well d r i l l i n g logs contained as Attachment A In the
CABE report. For wells which had no existing logs, the Installation
dates were obtained from Exhibits 1-9 and 1-10 In the CABE report. With-
out the logs, however, It was Impossible to double check the dates on
Exhibits 1-9 and 1-10 for typographical errors, mistranslations, etc.

1-4 AR30I006

H tht page 'lilmtd in thit frame it not at ntadablt on ligiblt at thit
label, it it due to tubttandand colon on condition oi tht oniginat page.



Other sources Included the May 20, 1986, SMC Martin report and the "Draft
Work Plan for Remedial Investigation/Feasibility Study, Chem-Solv Inc.
Site, Cheswold, Kent County, Delaware," Issued by BCM Engineers, Inc.
(BCM) In October 1989. Similar to the well Installation dates, several
dates of events as referenced In either of these reports coulrl not be
confirmed by cross checking field logs, field data sheets, etc. In these
Instances, the document from which the event and date were obtained Is
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
OB-5A) at the site to monitor the shallow water table aquifer above an
Identified low-permeabPlty horizon (Figure 1-2), Well OB-IA was
Installed Immediately adjacent to the site of the September 1984
Incident, Wells OB-2A through OB-5A were Installed around the perimeter
of the site, During that same month, DNREC also 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-IA through OB-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-
easterly hydraulic gradient.
During November 1984, DNREC Installed seven more monitoring wells (OB-6B,
OB-7A and -B, OB-8A and -B, and OB-9A and -B), screened both above and
below the shallow confining layer and established a consistent well
Identification system. All monitoring wells screened above the shallow
confining bed were denoted with the letter "A" (e.g., OB-IA) and all
monitoring wells screened below the shallow confining bed In the Inter-
mediate zone of the water table aquifer were denoted with the letter "B"
(e.g., OB-7B),

Groundwater from onslte monitoring wells and offslte domestic wells was
sampled on December 5 and 6, 1984, January 29, 1985,• and April 22, 1985.
One of the original five wells, OB-IA, had to be removed during the
excavation of 1,300 cy of contaminated soil,
In April 1985, DNREC retained SMC Martin to evaluate alternatives for
groundwater and soil remediation at the site, As part of the assessment
of groundwater cleanup alternatives, SMC Martin conJucted a hydrogeologlc
Investigation at the site (CABE, 1987) and Issued a report entitled
"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
1 pumping and treatment of the recovered groundwater by air stripping was

to occur at the facility. CABE Associates 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
addition, 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 Installed,
One of these wells (OB-43AR) was later added to the recovery system, The
other well, OB-44AR, was not used for recovery, but was utilized as a
monitoring well, called OB-44A. Later In June, a monitoring well
(OB-45B) was Installed In the Intermediate aquifer. This well's ability
to yield water was tested on June 18, 1986, during a pump test.

..'' A polnt-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 Is believed that the contami-
nated 50-foot well was later replaced with a deeper well Installed 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 ami1 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 wells, Thereafter, monitoring and
domestic wells and recovery system untreated groundwater were sampled
quite frequently In 1988.
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fBCMl
In September 1988, the air stripping tower collapsed, at which time .—N
recovered groundwater was no longer discharged to the air 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), DNREC, 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 Liability Act (CERCLA) as amended by
the Superfund Amendments Reauthorlzatlon Art (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 occurlng up until
the present, The Chem-Solv PRP Committee retained 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 DNREC on December 1, 1989, and was Implemented between
December 4, 1989, and March 12, 1990. This report Is a discussion of the
findings of the Remedial Investigation. ^
The Implementation scheme of the RI was divided Into nine separate tasks *"««—'
as follows:

- Task 1: Project Planning
- Task 2: Air Investigation
- Task 3: Soils Investigation

Task 4: Stratlgraphlc Investigation
Task 5: Groundwater Investigation
Task 6: Data Evaluation
Task 7: Endangerment Assessment
Task 8: Treatablllty Study Pilot Testing
Task 9: Remedial Investigation Report

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 field work. Activities conducted as part of this task
were:
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- Initial site reconnaissance
- Preparation of specifications and selection cf subcontractors

(I.e., d r i l l e r and surveyor)
- Arranging for site access
- Review of agency flies
- Surveying of site and preparation 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 Initiation of any

sampling and laboratory analysis
1.3.2 A^ Investigation

The air Investigation was conducted onslte 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 onslte and offslte exposure, Breathing
zone monitoring was conducted using an HNu or OVA at 12 onslte loca-
tions, Two of the sampling locations were In the former sp i l l area.
1.3.3 Soils Investigation

Seven test borings (CSB-6 to CSB-12) were completed onslte to Identify
the horizontal and vertical extent of subsurface soil contamination.
Three soil samples were obtained from each boring and analyzed for all
Target Compound List (TCL) and Target Analyte List (TAD fractions In
order to Identify the suite of contaminants present In the site soils.
The borings were advanced until the confining silt layer which separates
the shallow and Intermediate 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 slit layer,
The borings were located In areas of the site where hazardous material
had been either stored or was suspected of having been spilled, These
areas Included the former distillation building, shredded soil
excavation, and former contaminated soil stockpile areas. In addition,
two soli boring: were located Immediately adjacent to the former
concrete-paved area In order to Investigate 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.
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BCM
1,3.4 Strattaraphlc Investigation —.

Five test borings (CSB-1 to CSB-5) were completed offslte to the bottom '
of the silt/clay confining layer to depths ranging from 26 to 43 feet.
The locations were selected to f i l l In data gaps regarding the presence/
absence of the confining layer onslte and hydraullcally downgradlent of
the site, Shelby tube samples were obtained from two of these test
borings.
1,3,5 Groundwater Investigation.

Seven groundwater monitoring wells were Installed as part of this Inves-
tigation. These wells were Identified by "MWS" or "MWI" representing
whether the well was finished within the shallow aquifer zone or the
Intermediate aquifer zone, respectively, Groundwater samples were
obtained 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, Wells completed In the shallow-zone
aquifer were located In an effort to delineate the extent of shallow
groundwater contamination downgradlent (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-
zone upgradlent 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.
Well Survey

All the newly Installed monitoring wells were surveyed to horizontally
and vertically locate the wells to a known datum. Horizontal control for
each of the newly Installed monitoring wells was obtained to the nearest
0.1 foot. Vertical control was obtained to the nearest 0.01 foot. All
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.
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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 overpumplng.
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 obtained using the protocols described In
Section 4.3.2 of the QAPJP. A sample was collected from each of the
seven new monitoring wells. Each sample was analyzed for all TCL/TAL
parameters, Samples were also taken from existing shallow zone wells
22A, 26A, 33A, 39A, and 41A. Analytical 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
contaminated groundwater which exists downgradlent 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. Analytl-
; cal data generated from existing shallow zone well 22A and the newly

-J Installed Intermediate zone well (MWI-1-43) In the vicinity of well 22A
were used to evaluate the quality of groundwater In each zone entering
the site from the hydraullcally upgradlent direction. Analytical data
generated from the recovery system sampling were used to evaluate the
magnitude of contamination remaining onslte In the shallow zone,
Water 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. Plezometrlc
surface contour maps were constructed from these measurements for the
Intermediate and shallow zones, The horizontal hydraulic gradient,
magnitude, and direction were determined for both the shallow and
Intermediate zones, In addition, the vertical hydraulic gradient,
magnitude, and direction between the shallow and Intermediate zones were
determined at each well couplet location.
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1.3,6 pata Evaluation

The objectives of this task were to organize the validated data as
detailed 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 various field Investigations were condensed and >
organized to facilitate evaluation and presentation, Reduction of i
hydrogeologlc data resulted In the production of various tables, figures, >
and drawings which describe and summarize the pertinent site features. ';
These Include:

- Figures displaying boring and monitoring well locations and
elevations

- Hydrogeolcglc cross sections
- Groundwater contour maps
- Boring log descriptions
- Monitoring 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 contained In Section 4.0. In conjunction with >
this evaluation, we determined recommendations for additional Investlga- \
tlve work. They are detailed In Section 6,0.
1.3.7 Endangerment Assessment i

The endangermeiit assessment (EA) was used to determine the probability !
and magnitude of risk, If any, to human health and the environment due to •'
actual or probable releases of chemicals associated with the Chem-Solv
site.
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The EA Is a formalized process consisting of four tasks: (1) hazard
Identification, (2) exposure assessment, (3) tox I city assessment, and
(4) risk assessment,
The procedures used In this EA were consistent with the Endangerment
Assessment Handbook (PRC, 1985), The risk evaluation was based on the
Superfund Public Health Evaluation Manual (SPHEM) (EPA, 1986),
1.3.8 Treatablllty Study/Pilot Testing

The need for treatablllty studies and/or pilot testing was evaluated
following completion of the data validation/evaluation and the Initial
screening of remedial technologies. Discussion of Identified treata-
blllty studies and/or pilot testing will be provided In the Feasibility
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 Includes the results of the
previously discussed tasks Including the following:

- Site surface and subsurface conditions
- Extent and nature of soil 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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Lâ J ConcnnNORTH .

Fomiw Concrete Paved Skateboard Park

Ig* tht page ̂ ^Imed ^n <d*4 frame, it not at ntadablt on Itgiblt. at thit-
label, it it due to tubttandand colon on condition o(, tht oniginal page.



•n

SECTION 1.0

TABLES

0 AR30IOI8

Utht page ̂ l«ied in thit framt it not at ntadabtt_on. ttgibtt^at.thit-
label, it it due to 4ub4tanda*d colon on condition oft* tht oniginal page,



TABLE 1-1

SUMMARY OF PAST DNREC
SOIL INVESTIGATION AND CLEANUP ACTIVITIES

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

n

Date Event

September 1984 Initial soils Investigation - Chem-Solv excavated
approximately 10 cubic yards of contaminated soil,

April 1985 DNREC excavated 1,300 cubic yards of contaminated
soli. Soli was stockpiled onslte.

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

May 1 and 10, 1985 SMC Martin conducted pre-soll shredding soil
sampling In the excavation sldewalls and floor,
staged soli stockpile, and nearby dralnageway.

May 18, 1985 SMC Martin Issues "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-shreddlng
soil sampling of In-place soil adjacent to the
stockpile and of stockpiled soils.

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

November 7, 1985 Soli shredding completed,
November 11, 1985 Post-shredding confirmatory soil sampling

completed,
May 20, 1986 SMC Martin Issued "Removal of Volatile Organic

Contaminants from Soils at the Chem-Solv Solvent
Recovery Facility, Cheswold, Delaware."

Compiled 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 ACTIVITIES

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

Date Event i

September 1984 Five groundwater monitoring wells Installed
In the shallow aquifer.
Domestic wells sampled (SMC Martin, 1986).

October 3, 1984 Five monitoring wells sampled.
October 1984 Groundwater table elevations measured twice

In five monitoring wells (SMC Martin, 1986).
November 28-30, 1984 Seven monitoring wells Installed,
December 5 and 6, 1984 Ten monitoring wells and four domestic wells

sampled,
January 29 and 31, 1985 Nine monitoring wells sampled.
April 1985 One monitoring well removed during soil

' excavation (SMC Martin, 1986).
April 22, 1985 Eleven monitoring wells and six domestic

wells sampled. (
i

April 1985 to approx. SMC Martin conducted hydrogeologlc Investl-
August 1985 gallon at site, Including slug test (CABE,

1987). '
_ • I

May 18, 1985 SMC Martin Issues "Evaluation of Remedial
Alternatives for So11!' and Groundwater

Solvent RecoveryCleanup at the Chem-Soh
Site, Cheswold, Delaware.

August 5, 1985 CABE retained to hel1 Implement the
groundwater recovery and treatment system.

AR30I020
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TABLE 1-2 (Continued) —v
————————————————————————————————————— i'

Date Event

August 13-22, 1985 Eleven monltorlnq wells and one recovery
well Installed,

August 14, 1985 One (of the original five) monitoring well
sampled,

1 August 22, 1985 The eleven monitoring wells most recently
;' Installed were sampled,
I

August 26, 1985 Pump test conducted; pumped and sampled
OB-5AR (CABE, 1987).

, August 28, 1985 Ten monitoring wells sampled,
September 11, 1985 New domestic well Installed at Gearhart

property, finished at 50 feet (Appendix C),
September 12, 1985 Four monitoring wells sampled (Attachment J;

CABE, 1987).

September 18 and 26, 1985 Nine monitoring wells and one recovery well [\
Installed. W

• October 4, 1985 Eight monitoring wells sampled.
October 9, 1985 One monitoring and one recovery well sampled.

Pump test conducted on wells OB-5A, OB-20AR,
and OB-32AR (CABE, 1987).

1 October 24, 1985 Two recovery wells sampled,i
October 25, 1985 Pump test conducted on well OB-34AR (CABE,

f 1987).

;' October 1985 Three monitoring and four recovery wells
,5 Installed.

November 26, 1985 Untreated and treated water from the
recovery system sampled to test air stripper
efficiency.

December 11, 1985 Recovery and treatment system fully
operational and completed 24 hours of
operation (CABE, 1987).

January 2, 1986 Untreated and treated watARUQbrl 084 LJ
recovery system sampled.
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TABLE 1-2 (Continued)

Date Event

February 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
well 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,

April 28, 1986 Untreated and treated water sampled from the
recovery system.

."-s May 13, 1986 Nine monitoring wells, untreated and treated
J ... 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
OB-44A.

June 11 and 16, 1986 One monitoring well Installed (OB-45B),
June 18, 1986 Pump test conducted In well OB-45B (CABE,

1987). This well was also sampled.
June 30, 1986 Pump test conducted on OB-43AR (1987, CABE).

, July 1986 Carbon polnt-of-use treat
.^/ Installed In home with contaml

well (BCM, 1989).
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TABLE 1-2 (Continued)

Date Event

July 14, 1986 Untreated and treated water from the
recovery system and one domestic well
sampled.

July 28 and 29, 1986 Sixteen monitoring wells and untreated water
from the recovery system sampled,

September 25, 1986 Untreated and treated water from the
recovery system sampled.

November 17 and 18, 1986 Sixteen monitoring wells sampled, Three of
these wells were sampled by both balling and
pumping, Three domestic wells sampled,
Untreated and treated water from one
domestic well and from the recovery system
sampled.

March 1987 CABE Associates Issues final report for
DNREC, "Groundwater Decontamination,
Chem-Solv Solvents Recovery Facility,
Cheswold, Delaware."

June 8-16, 1987 Seventeen monitoring and nine domestic wells
sampled.

August 1987 Replacement domestic well had been Installed
at adjacent property (Appendix A-10),

September 4, 1987 Untreated water from the recovery system
sampled.

October 15, 1987 Recovery system untreated water and one
domestic well sampled.

December 1, 1987 Recovery system untreated water and one
domestic well sampled.

December 17, 1987 Recovery system untreated water sampled,
December 22, 1987 Four monitoring wells and recovery system

untreated water sampled.
January 5 and 6, 1988 Five monitoring wells, two domestic wells,

and recovery system untreated water sampled.
March 21, 1988 Nine monitoring wells, one domestic well,

and recovery system untreated wftftU-Qnflgd^
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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.

Complied by BCM Engineers Inc. (BCM Project No. 00-6102-02)

AR30I021,
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TABLE 1-3 Cjl

SUMMARY OF REGULATORY ACTIVITIES

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

Date Event

September 1988 Administrative Consent Order signed.
September 1988 BCM retained to conduct Remedial

Investigation/Feasibility Study,
December 1988 BCM Issued "Draft Work Plan for Remedial

Investigation/Feasibility Study, Chem-Solv
Inc. Site, Cheswold, Delaware."

June 1989 DNREC began quarterly monitoring of domestic
wells,

December 1, 1989 RI/FS Work Plan was approved by DNREC and LJ
EPA. "̂*'

December 4, 1989 BCM began Implementation of the RI/FS Work
Plan,

Source: BCM Engineers Inc. (BCM Project No. 00-6012-02)
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2,0 REMEDIAL INVESTIGATION METHODOLOGY

2.1 AIR INVESTIGATION

BCM conducted an air Investigation to evaluate health and safety needs at
the site prior to Initiating sampling or any Intrusive activities, Data
from this Investigation was also designed to be used to estimate onslte
and offstte 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 (Figure 2-1),
Ambient organic vapor readings were recorded at each location using both
an HNu Systems Photolonlzatlon 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, air monitoring with either the HNu or OVA and a combustible
gas/oxygen/hydrogen sulflde meter (MSA Model 361) was performed continu-
ously during all Intrusive dr i l l i n g activities. Air monitoring using
either the HNu or OVA was performed continuously during well construc-
tion, well development, groundwater sampling, and water level measurement

~-\ activities.
"""' All monitoring equipment was calibrated to gas standards each day prior

to use and recorded In a bound field log book.

2,2 SOILS/SOURCE INVESTIGATION

The soil Investigation 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 soil samples from
each location were retained for chemical analyses. In addition, split
samples were retained for the EPA by personnel from COM Federal Programs
Corporation (COM) and submitted for chemical analyses,
The soil 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 soil 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
A-4).

J 2"' AR30I026
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Field activities were generally conducted In accordance with the proce- /-+*
dures contained In the Work Plan. However, some modifications to the I )
Work Plan were necessary due to conditions encountered during the Inves- '
tlgatlon; 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-ll, and
CSB-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 soil In the former excavation area delineates the soils from around
the former distillation building 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 soil 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
rationale for placement of the boring Is provided below.

Boring Location
Name Description Location Rationale

CSB-6 Southeastern side Delineate soils south of the
of excavation former distillation building

CSB-7 Southcentral side Delineate soils south of the /-*.,
of excavation former distillation building (J

CSB-8 Southwestern edge Delineate potential soil
CSB-8A of concrete pad contamination due to runoff

from former drum storage pad
CSB-9 Northwestern edge Delineate potential soil

of concrete pad contamination due to runoff
from former drum storage pad

CSB-10 Eastern edge of Delineate potential soil
concrete pad contamination due to runoff

from former drum storage pad
CSB-ll Northcentral edge Delineate soils north of

of concrete pad former distillation building
CSB-12 Between concrete Delineate soils north of

pad and concrete former distillation building
block building

2-2 AR30I027 (J
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Boring B-8 was abandoned at 16 feet due to difficulties keeping the
borehole open during d r i l l i n g ; Boring B-8A was then drilled as a replace-
ment boring for that location.
2.2.2 Sampling Protocol,
2,2,2.1 Soil Samples
The soil borings were drilled to depths ranging from 20 feet to 26 feet
using a rotary d r i l l i n g rig with 3-1/4-Inch and 6-1/4-lnch Inner diameter
(ID) hollow stem augers, Soli cores were obtained continuously through-
out the sol) borings using 2-foot long 2-Inch or 3-Inch outer diameter
(00) carbon steel split spoon samplers. The spilt 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 s i l t confining layer, If present, or to a maximum depth of
25 feet; split spoon samples were retained continuously throughout the
boring column for llthologlc descriptions and for chemical analyses. Two
soil samples from each boring location were to be retained from the
unsaturated zone and submitted for Target Compound List (TCL) organic and
Target Analyte List (TAD Inorganic parameters, Soil samples were to be
collected 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 Intervals were to be selected from
the Intervals with the highest levels, In addition, If the silt confln-
Ing layer was encountered, one soil sample from the Interval just above
the s i l t was to be analyzed for TCL volatile compounds,
2.2,2.2 Field Quality Control Samples
Field rlnsate blanks, trip blanks, and field duplicate samples were
submitted for chemical analyses with the soil samples In accordance with
the protocol detailed In Section 9.2 of the Quality Assurance Project
Plan (QAPjP).
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 analytical parameters
Is 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 soli
samples were submitted to IEA for TCL organic analyses.
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All analyses were performed In accordance with the procedures contained ( j)
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 statlgraphlc Investigation was conducted to provide offslte lltho-
loglc Information, specifically to delineate the horizontal extent of the
s i l t confining layer present at approximately 20 feet below the site.
Five Stratlgraphlc borings (CSB-1 through CSB-5) were drilled to a
maximum depth of 43 feet. Boring logs for the Stratlgraphlc 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 Stratlgraphlc 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 contained In the Work
Plan. Any deviations/modifications are addressed below.
2.3,1 Sample Locations

The Stratlgraphlc borings were located along a line situated approxl-
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 Upgradlent position
of property

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

CSB-3 Durham property Farthest downgradlent
position

CSB-4 Lambertson property Nearest downgradlent
position

CSB-5 Route 13 median Downgradlent position
near well 39A
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Field boring locations were discussed with and approved by DNREC prior to
Initiation of field activities.
2.3.2 Sampling Protocol

The soli borings were drilled using 3-1/4-Inch, 4-1/4-Inch, and
6-1/4-Inch hollow stem augers, Soil 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 either the base of the confining layer, or 35 feet If the
confining layer was not encountered.
All 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 contained on the boring logs In Appendix
D, In addition, head space readings were obtained for each sample.
Samples of the si l t layer were obtained from CSB-2 and CSB-4 using 3-lnch
OD thin-walled She 1 by tube samplers. These samples were analyzed at the
Woodward-Clyde Laboratory In Plymouth Meeting, Pennsylvania, for vertical
coefficient of permeability and grain 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 permeability and grain 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 analysts,

2.4 GROUNDWATER INVESTIGATION

The groundwater Investigation Included the Installation of seven offslte
monitoring wells and chemical analyses of groundwater from 14 onslte and
offslte 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 Well 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

AR30I030

U tht page ̂ ilmtd in thit frame, it not at ntadablt on Itgiblt, at thit
label, U 4.t due. to tubttandand colon on condition o& tht oniginal page.



BCM i'
I

vertical extent of the groundwater contaminant plume associated with the I. 1
site. In addition, these wells may be used for future monitoring of the
plume, If necessary. ;
2.4.1,1 Monitoring Well Designations and Locations
Well Identification numbers (e.g., MWS-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 Is a number from 1 through 7 Indicating the location1
designation of the well. The fourth component Is the bottom depth of the i
screened Interval In that well. :'

'i
A summary of the monitoring well locations, well depth, and location
rationale Is presented below.

Hell Location ,
Name Description Location Rationale

MWI-1-43 Southeastern corner Upgradlent, Intermediate
of property aquifer zone

MWI-2-40 American Roofing Downgradlent, Intermediate
and Siding Co, aquifer zone
property

MWS-3-17 American Roofing Downgradlent, shallow
and Siding Co. aquifer zone
property

MWI-4-40 Durham property Downgradlent, Intermediate
aquifer zone

MWS-5-18 Durham property Downgradlent, shallow
aquifer zone 'i

MWS-6-25 Stein property Downgradlent, shallow
north of former aquifer zone
Mobil Station ','

MWS-7-25 Route 13 median Downgradlent, shallow I
north of Route 42 aquifer zone •'
Intersection

Monitoring well locations were selected In the field with the approval of
DNREC prior to Initiation of field activities.

2-6 AR30l03li Q
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2.4,1,2 Monitoring Well Construction
Shallow Zone Hells

Shallow monitoring wells were drilled using 6-1/4-Inch ID hollow stem
augers, Soil cores were retained continuously throughout the boring
using 2-Inch OD split spoon samplers; these cores were scanned with an
HNu and/or an OVA. Llthologlc 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 Information about the sand aquifer above the s i l t confining
layer. The wells were to be screened 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 detail Is shown on Figure 2-3,
After each boring was advanced to the required depth, the monitoring well
was constructed using 2-Inch ID schedule 40 polyvlnyl chloride (PVC)
casing and screen, All well screens were factory-slotted with 0.010-Inch
or 0.020-Inch slots; the 0,010-Inch screens were Installed at locations
were the aqulfur contained significant fine material. 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 llthologlc conditions, The annulus (void 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 bentonlte pellet seal was placed on top of the sand pack, above which a
cement-bentonlte 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 Hells

Section 4.5.2 of the Work Plan contains specifications for construction
of the three Intermediate zone monitoring wells. However, only well
MWI-1-43 was constructed as proposed In the Work Plan, The s i l t 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 detail Is shown on Figure 2-3.
To determine the depth and thickness of the silt confining layer at the
MWI-1-43 location, a Stratlgraphlc boring (CSB-1) was drilled using
6-1/4-Inch hollow stem augers. This boring was abandoned and grouted to
the surface. Well MWI-1-43 was then drilled using the mud rotary
drilling method. A 10-Inch diameter borehole was drilled to the top of
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the silt at 23 feet. A 6-tnch 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/bentonlte
mixture. After allowing the grout to set overnight, the boring was
advanced to 43 feet (15 feet below the bottom of the s i l t layer), The
well was constructed using 10 feet of 2-lnch 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 bentonlte seal was Installed above the filter pack; the annular
space above the seal was tremle grouted with a cement/bentonlte 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 DNREC and received
approval of these changes.
2,4.1.3 Monitoring Well Development
All monitoring wells were developed by over-pumping using a centrifugal
pump. As detailed In Section 4.5.4 of the Work Plan, each well was
developed for a maximum time period of 1 hour or until sediment free flow
was obtained, Only one well (MWI-4-40) was developed for less than one
hour, _ /"""h
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 In 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 OVA. 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 methodology, 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
contained In the Work Plan Addendum are discussed In the following
sections.
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2.4,2.1 Sampling Locations
Groundwater samples were obtained from eight offslte shallow wells (22A,
26A, 39A, 41A, MWS-3-17, MWS-5-17, MWS-6-25, and MWS-7-25), one onslte
shallow well (33A), two onslte Intermediate wells (5B and 9B), and three
offslte Intermediate wells (MWI-1-43, MHI-2-40, and MWI-4-40), In
addition, field duplicate samples were obtained from wells 26A and 9B,
Split samples were also obtained for EPA by COM personnel from Hells 41A,
MWS-5-18, and 9B; a field duplicate was also obtained from Well 9B, A
groundwater sample summary for the EPA split samples Is contained In
Table 2-2.
These sampling locations were selected to provide groundwater quality
Information for several areas of the sand aquifer. The eight offslte
shallow wells were used to characterize the magnitude and extent of the
contaminated slug of groundwater which apparently exists downgradlent 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 s i l t confining layer. Data from the
shallow onslte well were used to evaluate the magnitude of contamination
remaining onslte 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. Well 33A was sampled
Instead 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
Groundwater Samples

Wells were sampled In accordance with the procedures detailed In the Work
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 sufficiently large diameter were
sampled using 2-Inch OD Teflon bailers (Table 2-2).
All volatile samples, except for trip blanks, were preserved with hydro-
chloric add In the field by BCM personnel. Inorganic analyses were
performed on both unflltered and filtered samples at all locations. The
samples were filtered In the field using a nitrogen pressure filtering
unit with a 0,45 micron filter,
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fluid Quality Control Samples
i tField rlnsate blanks, trip blanks, and field duplicate samples were ' r

retained and submitted for analyses In accordance with the procedures
detailed In Section 9,2 of the QAPjP,
2,4.2,3 Analytical Parameters and Methods
All groundwater samples were analyzed for TCL organic compounds and TAL
Inorganic compounds by IEA. Analyses were performed In accordance with
the protocol contained In Attachment 5 of the QAPJP.
2,4.3 Well Elevation Survey

A survey to determine the horizontal location and vertical reference
elevations of the seven monitoring wells was conducted by J.G. Park
Associates, Inc. (J.G. Park) of Washington Crossing, Pennsylvania. The
survey was performed June 4 and June 5, 1990, The reference elevations
for the seven monitoring wells InstaPed as part of this remedial Inves-
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 also
resurveyed the existing onslte monitoring wells, the existing onslte
buildings, and the location of Routes 13 and 42 In the vicinity of the oA site survey had been conducted for DNREC by .Robert L. Larlmore of
Wyoming, Delaware, on March 1), 1986, This survey was used to construct
the site 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, Is
provided In Table 2-4,
2.4.4 Water Level 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 monitoring wells. The water level measurements were
obtained March 27, 1990, and April 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 Work Plan. A summary of the
measurement procedures Is outlined below.
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TN - The well cap was opened and the well head organic vapor
' i readings were recorded using either 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) using 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 delonlzed water solution and then rinsed with
delonlzed 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 In BCM central files,

Potentlometrlc 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 locations; these data were then plotted on a map at
the appropriate location and contour lines were plotted. Evaluation of
these data Is discussed In Section 3.2.2,

0
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TABLE 2-1

SOIL SAMPLE SUMMARY

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

SAMPLE SAMPLE ANALYTICAL
NAME' DATE PARAMETERS

CSB-1 (22-24) 12/05/89 GRAIN SIZE; COEFFICIENT OF
PERMEABILITY

CSB-4 (20-22) 03/07/90 GRAIN SIZE; COEFFICIENT OF
PERMEABILITY

CSB-6 (0,5-2) 12/14/89 TCL ORGANICS; TAL INORGANICS
CSB-6 (6-7,3) 12/14/89 TCL ORGANICS; TAL INORGANICS
CSB-6 (19,6-19,9) 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 (20,5-20,8) 12/14/89 TCL VOLATILE ORGANICS
CSB-8 (0,5-2)" 02/22/90 TCL ORGANICS; TAL INORGANICS
CSB-8D (0,5-2)"" 02/22/90 TCL ORGANICS; TAL INORGANICS
CSB-8 (2-4) 02/22/90 TCL ORGANICS; TAL INORGANICS
CSB-8A (18-20) 02/26/90 TCL VOLATILE ORGANICS
CSB-9 (2-4) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-9 (4-5,5) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-9 (19,5-20) 02/27/90 TCL VOLATILE ORGANICS
CSB-10 (0,5-2) 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-10 (2-4)"' 02/27/90 TCL ORGANICS; TAL INORGANICS
CSB-10 (18-18,5)"" 02/27/90 TCL VOLATILE ORGANICS
CSB-11 (0,5-2) 12/19/89 TCL ORGANICS; TAL INORGANICS
CSB-11D (0,5-2) 12/19/89 TCL ORGANICS; TAL INORGANICS
CSB-11(6-8) 12/19/89 TCL ORGANICS; TAL INORGANICS
CSB-11(20,4-20,7) 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
CSB-12 (21,7-22) 12/19/89 TCL VOLATILE ORGANICS

TAL Target analyte list
TCL Target compound list

* Sample name denotes the boring location and the depth, In feet, below the
ground surface that the sample was obtained from,

"* EPA split sample retained by COM for analyses

Source; BCM Engineers Inc. (BCM Project No, 00-6012-02)
____________________AR3QILU?
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IBCMJ
TABLE 2-3

!.. • • MONITORING WELL SPECIFICATIONS

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

Total Well Depth Screened Interval _____Reference Elevation (It., NGVD)_____
Well (ft,, below ground) (ft,, below ground) Outer Steel Casing Inner PVC 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 4-17 40,17 39,81 40,13
MWI-4-40 40 30-40 41,01 40,90 41,01
MWS-5-18 18 5-18 40,92 40,37 40,91
MWS-6-25 25 15-25 41.41 40,90 41,45
MWS-7-25 25 15-25 41,04 40,25 41,08

O
NGVD National Geodetic Vertical Datum

Source; BCM Engineers Inc. (BCM Project No, 00.6012.02)
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TABLE 2-4
vVEU SPECIFICATIONS

BCM ONREC MONITORING WELLS AND DOMESTIC WELLS
CHEM.SOLV, INC. SITE REMEDIAL INVESTIDATION

CMESWOLD, DELAWARE

SCREEN

WELL DRILLER

IA Ninon
2A Minoii
3A niMII
4A ninoiK
9A Minon
9AR Binn Oiu
9E- Einn Oiu
as Bum
7A Bum
78 Bum
IA Bum
18 Bum
9A Burnt
9B Buml
IOA Einn Din
IIA Einn Din
I2A Einn Dm
I3A Einn OKI
IIA Einn OKI
I9A EirtttOlti
IIA Einn Din
t7A Einn Din
i9A Einn Din
I9A Einn Dm
20Afl Einn Dm
2tA Einn Dm
22A Emit Dm
23A Elffll Dill
2iA Emit Dm
29A Einn Dm
29A EllW Dill
27A Einn Dm
29A Elltn Dill
29A Einn Dill
30A Einn Dm
IIA Einn Dm
32AR Einn Dm
31A Einn OIU
34Afl Einn Dm
39Afl Einn Dm
!!Afl Einn Dm
3M Einn Dm
19A Einn Dm
39A Einn Dm
40A Einn Dm
4tA Einn Dm
42A Einn Dm
43AR Emn Dm
IIA Einn Dm
49A UN
49B Einn Dm
4M UN
47A UN
4tA UN

, Simon UN
Umotnion UN
Hvmio UN
RIMIpl UN
Kiiiin JonntWtii
Diun-Ci'/lty UN
JonnMn Pudy tylf
Duinun uiinmt
Coll UN
Ajn.ftjolmj UN
OumM-do: UN
Qumtn-Ntw Jonrt Funi
WIIIMII ulinmt
QilMwly UN
wan UN

DATE
INSTALLED

C9/27/94
C9/27/94
C9/J7/14
0)127/14
C9/27/I4
C9/20/1S
09/12/1!

'29/14
/30/1I
/30/94
(29/94
/29/94
129/94
/29/94

09/19/1!
09/19/19
09/19/99
09/13/99
C9/13/99
09122/99
C9/22/19
01/22/1!
M/22/19
09/22/1!
09(11/19
09/19/99
09/19/99
C9/21/99
09/29/99
09/29/99
C9/29/99
09/29/1!
09/29/19
09/29/1!
10/07/99
10,04/99
IO;04/99
10/07/99
10(23/99
10/19(99
10(19/99
C«(I9/19
C«(ll/!9
Gl( 19/99
09'l9/99
C9/19/99
H/19/99
C9,09/99
M/IO/M
' UN
09/10/99

UN
UN
UN
UN
UN
UN
UN
04/U
UN

02/19/72
1970
UN
04/94
UN

09(11(9)
1974?
UN
UN

OlAVETEfl
lincnul

10
10
10
10
10
40
19
40
40
10
10
40
10
40
09
09
09
09
09
19
09
09
39
39

t 39
09
09
09
09
09
OS
09
09
09
09

1 29
10
09
20
20
20
09
09
09
39
39
09
40
40
10
10
UN
UN
10
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
2.0
UN
UN
UN

MATERIAL LcNQTH
uinj/Kinni iflltl

ovcrpvc
OvGfpvc
:vcipvc
JVC/PVC
OVG(PVQ
IIMI/PVC
tllll/PVC
OVC/PVG
VG/PVG
VG/PVO
VO/PVC
vc/pvc
VG/PVG
vc/pvo
MI/PVC
Ill/pvc
III/PVC
III/PVG
III/PVG
III'PVO

tllllfpvc
IIMKPVC
IIMI/PVC
tlMI/pvc
IIMKPVG
ItllKOVC
tllll/PVG
tllll/PVG
mii/pvc
IIMI/PVC
IIMI/PVC
tllll/PVC
tllll/PVC
tllll/PVC
tllll/PVC
1IMI/IIIII
IIMI/PVC
IIMI/PVC
IIMI/PVG
tllll/PVC
tllll/PVG
tlllKPVG
IIMKPVG
IIMI/PVC
tlMI'PVC
I:MI/PVC
ItMI/PVG
tllll/lllll
tllll/lllll
OVC/PVG
IIMI/PVG
UN
UN

QvC/pvc
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN

pvc/pvG
UN
UN
UN

,

'

10
90
90
90
100
'00
:o,o
100
100
100
i00
100
1 10
100
9
9
!
9
9
9
9
9
9
9
0
9
9
9
9
9
9
9
9
9
9

'00
too
19
'00
1 0
190
9
9
9
9
9
9

12.0
0

UN
'00
UN
UN
UN
UN
UN
t,N
UN
UN
UN
UN
UN
UN
UN
UN
90
UN
UN
U

• • PraMM OHIO, mining « minor"; oiil mill. PUI cut noi m iimpm,
UNUnhwm
NANotKWaw

N

TOTAL
DBRTM
.lull

:oo
170
•JO
170
170
:o,o
!00
400
19,0
HO
190
!0.0
290
90.0
17,9
179
179
190
179
170
170
17!
170
170
199
190
170
170
170
17.!
17!
17.9
19.9
170
170
:oo
209
170
:o,o
:o,o
190
190
190
190
190
190
190
200
11,0
UN
490
UN
UN
UN
UN
UN
UN
UN
39,0
UN

32.0?
90,0
UN
10.0
UN
90,0
7007
UN
UN

REFERENCE
ELEVATION
ft.NdvDI

1991
4900
4991
47,49
49,42
4499
19.U
19.27
40.99
41,19
li.10
42,30
49,24
19,00
434t
41.49
41.32
49.4}
4421
4999
4313
4924
4729
49 U
43.97
UN

49.11
42.90
42,47
42,91
42,34
42,91
44.42
49.7}
UN

4999
43.9}
4470
4442
43,93
4913
4492
4407
42,91
UN

42.99
42.90
19.00
1911
UN

42.0!
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN
UN

FINAl
SERVICE

Monitoring
Monitoring
Monitoring
Monilonng
Monitoring
Rtwvtry
Monitoring
Monitoring
.Monitoring
Monitoring
Monitoring
Monitoring
Monilonng
Monitoring
Monilonng
Monitoring
Monitoring
Monitoring
Monitoring
Monitoring
Monilonng
Monitoring
Monitoring
Monitoring
RlCQVIfY
Monitoring
Monitoring
Monitoring
Monitoring
Monitoring
Monilonng
Monitoring
Monitoring
Monitoring
Monilonng
Monitoring
Ptwtry
Monitoring
Ricoviry
Ptcovtry
Rioovtry
Monitoring
Monitoring
Monitoring
Monitoring
Monilonng
Monitoring
Bicovtry
Monitoring
Monitoring
Monitoring
Monitoring
Monitoring
Monitoring
Domiitto
Domimo
Domtino
DomtttiQ
Oomiiw
Domino
DomiiM
Oomtnto
Oomnw
Oonuiw
CWTUIW
Domme
Oomim
DomtiM
OomtiM

STATUS
A3 OP
W/W

CiivoyM
ACIIVI
Activl
ACttVt
Aaivt
Acttvl
Actrv*
Actrvt
Muting
MiMJng
ACIIVI
ACtlvl
ACIIVI
ACIIVI
Actrvi
Actni

OtiiroyM*
Acuvi
ACIIVI
Acirvl
Activl
Actrvl

CltiroyM*
Actrvi
Activl

CwoyM
AeUvi

CutroyM*
Actrvt
Actrvt
Actrvt

Ontroywt'
Ontroyta
MiuoyM
ClItlOVM
Actrvi
Aaivi
Actrvt
Activt
ActlVt
ActiVI
Mimng
Activi
Activl

Cutroyio
ictivt
Activt
Acuvi
Acuvt
Actrvt
Actrvt
Mlmng
Miwng
Acuvi
Aavt
ActtVt
ActiVI
ActiVI
Acirvt
Acirvt
Aarvt
Actrvi
Activi
Activi

DiitrayM
Actrvt
Actrvt
Activt
Activt
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BCM
3.0 ENVIRONMENTAL SETTING

3.1 REGIONAL SETTING

3.1,1 Physiography
The Chem-Solv site Is located within the Atlantic Coastal Plain physio-
graphic province, which Is characterized as a series of unconsolldated or
partially consolidated sand, gravel, silt, and clay layers. These
sediments form a wedge which dips and thickens to the southeast, The
thickness of the Coastal Plain sediments Is approximately 3,300 feet In
the vicinity of the site, This section of sediments consists of the
Miocene Calvert Formation of the Chesapeake Group which Is overlain by
the surflclal Columbia Formation. Regional geologic Information Is
addressed with the local geologic setting In Section 3.2.1.
3.1.2 Climate
Cllmatologlcal data for the region Is available from the Dovor, Delaware,
weather station,
Long-term cltmatologlcal data are available from the National Oceanic and
Atmospheric Administration's (NOAA) Dover, Delaware, observation sta-

,— N tlon. A monthly summary of average temperature, precipitation, and wind
i data for 1989 Is provided In Tables 3-1 through 3-3.

N — /
3.1.3 Demographics

The total population of Kent County, Delaware, Is 105,200, based on 1986
U.S. Census data. With a land area of 595 square miles, the number of
people per square mile averages 176,8, The ratio 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-
cial, and residential land use, Strip development, consisting of commer-
cial establishments and private residences, Is found on both sides of
Route 13 In the Immediate vicinity of the site (Figure 3-1),
Immediately south of the site, also on the west side of Route 13, Is an
abandoned field which was part of a former drlve-ln theatre. The field
extends behind the site to the west, South of this field Is a lumber
yard.

3-1 AR30ILU6
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A one-story block building Is located Immediately to the north of the *+.
site, This structure was associated with a former truck stop/restaurant/ f j
fueling establishment, It Is believed that this truck stop may have '
operated two underground storage tanks (USTs) during Its lifetime. The
remainder of the truck stop property Is vacant. An antique furniture/
reflnlshlng 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, Is a gasoline station/
convenience store. A vacant lot, which used to be the site of a used car
business, Is located next to the convenience store on the extreme north-
western corner of the Intersection of Routes 13 and 42.
An abandoned gasoline station Is located on the northeastern corner of
the Intersection of Routes 13 and 42. A furniture store Is located on
the southeastern corner of this Intersection, but both DNREC personnel
and local residents Indicated that a gasoline station was formerly
located there. It Is uncertain, but likely, that USTs were utilized 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
furniture store).
A Pennsylvania railroad line Is located approximately 3,000 feet west of {[)
the Chem-Solv site, The rail line runs In a north-south direction, ^f'
3,2 SITE SETTING

3.2,1 Geology

The Chem-Solv site Is located within the Coastal Plain Physiographic
Province which Is characterized as a series of unconsolldated 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 Is approximately 3,300 feet In the vicinity of
the site, This section of sediments consists of the Miocene Calvert
Formation of the Chesapeake Group overlain by the surflclal 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 Investigation are
provided In Appendices D and E.

3-2 AR30IOl»7 Q
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3,2,1.1 Soils

The Columbia Formation, a non-marine fluvial deposit, outcrops at the
Chem-Solv site. This formation Is locally characterized by unconsoll-
dated, moderately-to-poorly sorted, coarse to fine, brown to orange
quartz sand. Thin clay, s i l t , and gravel Interbeds are common within the
formation,
The surflclal sediments of the Columbia Formation are Immediately under-
lain by the Miocene-age sediments of the Chesapeake Group, These sedi-
ments are characterized by gray to bluish-gray silts that are commonly
fossilIferous, and sometimes sandy, This wedge of sediments begins just
south of Mlddletown, Delaware, and reaches a maximum thickness of 1,550
feet at Fenwlck Island (Sundstrom and Plckett, 1968). The nature of
these sediments suggests that they were deposited through a series of
marine transgresslve and regressive sequences,
3,2,1.2 Stratigraphy
The Columbia Formation ranges In thickness from 20 to 40 feet In the
vicinity of the site, Hells and borings, at the site have encountered a
sllty 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 offslte to the Route 13 median. The silt
layer was encountered In boring CSB-4 and MHS-3-17, located on the
Lambertson property and the American Roofing property, respectively,
This confining layer was not encountered at any other offslte 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
MNS-6-25, This confining layer Is not laterally continuous with the silt
layer encountered beneath the Chem-Solv site.
3,2,2 Hydroqeology

The average depth to groundwater Is approximately 8 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 underlain by a dark
clayey silt of Miocene age. The clayey slit acts as a confining layer
between the Columbia Formation and the underlying Cheswold aquifer of the
Calvert Formation.
Groundwater level measurements were obtained March 27 and April 4, 1990,
Hater level measurements and the resulting groundwater elevations are
provided In Table 3-3. Potentlometrlc surface contour maps of the water
table (shallow zone) aquifer are provided as Figures 3-3 and 3-4.
Potentlometrlc surface contour maps for the Intermediate zone aquifer are
provided as Figures 3-5 and 3-6.

AR30IOl»8
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Hater levels In the Intermediate zone are slightly deeper under non-
pumping conditions than levels In the shallow zone. A difference In 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 Investigations (CABE, 1987); these gradients
ranged from 0.013 to 0.0017 In March and April 1990. Groundwater flow
direction Is roughly north to northeast; however, groundwater movement In
the Intermediate zone Is roughly parallel to that In the shallow zone (In
a northeast direction). Previously calculated horizontal gradients of
the plezometrlc surface of the Intermediate zone varied between 0.00025
and 0.0009 (CABE, 1987); gradients In the Intermediate zone varied
between 0,0025 and 0,00091 In March and April 1990,
CABE conducted pumping tests In six wells to determine the hydraulic
properties of the shallow zone. Because of the varying duration of the
tests, the varying distances between pumping and observation wells and
the nature of the aquifer, there was a significant diversity of response
In 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. Where possible, values of transmlsslv-
Ity (T) and storatlvlty (S) were calculated from straight line segments
of jeml-logarlthmlc plots.
CABE calculated transmlsslvlty 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 transmlsslvlty of 2,200 gpd/ft, a f !)
value of 9.5 feet for the average saturated thickness of the shallow >wf
zone, then the average hydraulic conductivity (K) Is calculated to be 232
gpd/ft2 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 (OB-45B), The well was pumped for 1 hour at a rate of 21.4 gpm
on June 18, 1986. A transmlsslvlty value of 31,386 gpd/ft and a
storatlvlty value of 1,45 x 10~5 was calculated from the test data,
Because the thickness of the Intermediate zone Is not known, CABE could
not directly calculate a hydraulic conductivity (K) for the zone from the
transmlsslvlty value. Assuming that the aquifer Is 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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••—v the average groundwater velocity In the Intermediate zone under non-
1 pumping conditions Is approximately 0,2 feet/day. CABE concluded that

the relatively low velocity Is a direct result of low hydraulic gradi-
ents. For the March and April 1990 data, using a horizontal gradient
between 0.0025 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 Stratlgraphlc Investigation Indicates that the clay layer has
a limited areal extent. The layer Is present under the Lambertson
property (Boring CSB-4) front 19.5 to 23,2 feet below grade and the
American Roofing property (Well MWS-3-17), However, a thin (approxi-
mately 1 foot thick), discontinuous clay 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 Well MWS-6-25); this layer Is
shallower than the si l t layer beneath 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 principal regional surface water features Include the Lelpslc River,
Garrisons Lake, Masseys M i l l pond, St. Jones River, and Silver Lake
(Figure 3-7). The Lelpslc River, which runs approximately east-west, Is
located 1,3 miles north of the site; the Alston Branch runs north-south,
approximately 0,4 miles from the site. Masseys Ml 11 pond and Garrisons
Lake, which are located along the Lelpslc River, are situated approxi-
mately 2,5 miles and 1.5 miles northwest of the site. Silver Lake, which
Is located along the St. Jones River, Is 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 soil
remediation activities In 1985, Because this soil has been mechanically
reworked, It has different physical characteristics from the surrounding
undisturbed soil, As a result, surface water tends to collect In this
depression following rain.
The site Is generally well vegetated. A description of vegetation types
Is provided In Section 5,6.3.
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TABLE 3-1

AVERAGE MONTHLY TEMPERATURE DATA
DOVER AIR FORCE BASE

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

Month Average Temperature (8F)*

January 33
February 36
March 43
April 53
May 63
June 72
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

National 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

January
February
March
April
May
June
July
August
September
October
November
December

* Monthly averages compiled

Average Precipitation (Inches)*

3,0
3.0
3.9
3.2
3.4
3,2
4.3
4.4
3.5
3.0
3.5
3.5

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
CHESNOLD, DELAWARE

Month Prevailing Direction* Average Speed*

January WNW 8
February NW 7
March NW 8
April WNW 7
May SSW 6
June SSW 5
July SSW 5
August SSW 5
September N 5
October N 6
November W 7
December WNW 7

* Monthly averages compiled from December 1942 through August 1986,
Source: U.S. Department of Commerce

National Oceanic and Atmospheric Administration
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WATER LEVEL MEASUREMENTS

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

O
RilnmM OiRln lo wilir Qigunflwilit Elivmon
Piviuon in. QUO* giouna lumen lit., NOVOI
,n,,NIMI| 03/27/90 04/04/90 03/27/90 04/04/W

1H 40,00 Ml 114 3992 40.31
3A 44.99 7.19 9.99 19.00 19.90
4A 47.49 197 791 H.U 3S.98
U 41.4! 7.04 912 31,31 39.00
Mfl 14 M 8J2 1.03 31.3) 3t,«
3S 43.U 1,11 l.» 17,11 31,71
13 44,27 III 7.31 {II 39,92
1A 42,30 4.09 i.OI 39,21 40.29
19 42.10 IN 199 17.40 31,44
9A 49.24 7(3 722 31.29 39.02
9B 4900 1,97 732 3741 39 U
IOA 41.44 9,90 3,79 ]7.!1 39,97
IIA 41,49 3.02 l.il 39.41 39.94
IIA 4343 til 104 3994 4039
I4A 44 iS 9,U 11! ]1.41 40,90
liA 49!9 711 9,1] 3931 39,44
I9A <3 U 9(1 4,4) J9.ll 39.3S
I7A 4924 9H 1.14 19.21 39,10
IIA 47.18 9 SO 121 31.71 |2|
I9A 4991 9.02 724 39,99 19,44
JOAfl 43,97 111 HI 111 II)
22A 4t,H 117 119 19.24 39.72
24A 42,47 440 2.99 19.07 3991
2SA 42.9S 4W 3.1) 39.01 39,11
29A 42,31 111 101 39,21 39.11
27A 42,91 |4| HI |4| |4|
IIA 1991 701 499 3897 4099
32AR 43.91 3.19 189 3934 39.97
33A 4170 314 414 39.39 39,56
34AA 4442 9 tO |2| 39.92 121
ISAfl 43.9] 134 191 39,29 (91
39AR 49.1] 792 9.19 39,31 39,94
39A 4407 919 191 19.91 37.19
39A 42,91 9.91 40] 19,70, 39,19
4IA 42.19 949 447 17,17 38,19
42A 42.90 9i7 400 3791 38,90
43AR 4900 791 929 39.39 19,72
44A 49.91 797 949 19,21 39,39
49A (91 9,92 9.99 19} HI
43B 42.09 . 9,94 - 38.21
41A |9I 921 797 |9| |9|

MWH-43 4917 IIU 1007 37,81 39.00
MW1-40 42.91 911 492 39,90 37,79
MWM40 40,90 490 330 39,10 17.80
MWS*ir 19,11 3,77 199 3901 38,2]
MW3-H1 40,17 427 300 39.10 37.17
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4.0 NATURE AND EXTENT OF CONTAMINATION

4,1 AIR CHARACTERIZATION

BCM conducted an air Investigation on October 16, 1989, to evaluate the
health and safety needs at the site prior to Initiating 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 SOURCE CHARACTERIZflTJO.il

4,2,1 DNREC Investigation Results

Soils In the vicinity of the former distillation building were analyzed
for various parameters by DNREC In previous Investigations, Approxi-
mately 1,300 cy of soil were excavated, treated, analyzed, and placed
back Into the excavation.
As mentioned In Section 1.2.2, SMC Martin conducted two phases of soil
sampling at the Chem-Solv facility, Although a soil sample was appar-
ently collected shortly after the September 1984 fire (CABE, 1987), no
data were available concerning this sample, All soil 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
soil 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

2, The specific range of concentrations and type of compounds
present In the excavated (stockpiled) soils

The second phase of soil sampling occurred during the shredding/aeration
operation In 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 In the
excavated soil.

AR30I065

U tht page tilmed in thit frame it not at ntadablt..on Itgiblt at thit-
label, it it due to tubttandand colon on condition o< tht oniginal page.



BCM

4,2,1.1 Phase One Soli Sampling
On May 1, 1985, SMC Martin collected 11 Phase One soil samples. Six of
these were grab-sampled from 6 Inches Into the excavation sldewall, 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 soil. For details of sampling methodologies, the reader Is
referred to the 1986 SMC Martin report.
The II samples were analyzed for the following VOCs:

- trlchloroethylene (trlchloroethene or TCE)
- 1,1,1-trlchloroethylene
- tetrachloroethylene (tetrachloroethene or PCE)
- chloroform
- toluene
- xylene

However, chloroform, toluene, and xylene were not detected In any of the
May 1, 1535, samples.
Total VOC concentrations In three of six sldewall samples were 40 micro-
grams per kilogram (ug/kg), 41 ug/kg, and 120 ug/kg. In the other three
sldewall 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- >*>;..
piled soil samples, the total VOC concentrations were 131 ug/kg, 244 (j
ug/kg, and 26 ug/kg, ^"^
Four Phase One composited soli samples were collected on May 10, 1985,
Two samples were obtained from a 0- to 3-foot Interval bored Into the
stockpiled soil. 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-trlchloroethene, and chloroform, even though
chloroform and PCE were not detected In the May 1, 1985, samples,
Total VOC concentrations In the stockpiled soil samples were 41 ug/kg and
93 ug/kg, while that In the excavation floor sample was 282 ug/kg. The
sample collected from the drainage way did not contain any of the above
VOCs.
On August 16, 1985, the last Phase One samples were collected. Thirteen
samples were composited from a 0- to 3-foot Interval bored Into the
In-place soils adjacent to the stockpiled soils. Six of these samples
were analyzed for an Indeterminable list of VOCs and seven samples were
analyzed for certain VOCs and add/base neutral organic compounds,
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No acid/base neutral organic compounds were detected In any of the above
samples, Two samples contained 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, These 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, It Is clear that some VOC contaminated soil
had been left In the area where the 1,300 cy of soil was excavated, The
excavation did not extend laterally far enough nor deep enough, although
the soil was apparently removed to the water table. In addition, the
In-pi ace soil In the vicinity of the stockpiled soils appears to have
some minor VOC contamination. The stockpiled soils contained significant
levels of VOCs prior to soil 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 soil shredding/aeration process, soil samples were collected
before and after passage through the system to evaluate VOC removal
across the shredder, To facilitate easier handling of the material, the
entire soil 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 Results

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 soil samples were used
to determine If the undisturbed soils adjacent to the excavation con-
tained volatile contaminants associated 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 ur^aturated soils at seven boring locations and submitted
to the IEA laboratory for TCL organic and TAL Inorganic analyses. These
samples were obtained In December 1989 and February 1990. Seven soil
samples, which were obtained from the Interval Just above the silt/clay
layer, were analyzed for TCL volatile organic analyses. A summary of the
analytical results Is presented In Table 4-2. The distribution of
organic compounds detected onslte Is shown on Figure 4-1. All analytical
data and accompanying documentation Is contained In Appendices H and I,
The data validation report for these samples Is provided as Appendix J.
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Four split samples from three locations were retained for EPA by CDM
personnel for chemical analyses. A summary of this data Is presented In
Table 4-3, The EPA data validation 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 trlchloroethene (TCE), were detected In onslte soils. 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 (20.5-20.8), at concentrations ranging from 4 mlcrograms per
kilogram (ug/kg) to 8 ug/kg. TCE was detected In two surface samples,
CSB-8 (0.5-2) and CSB-1ID (0.5-2), at levels of 5 ug/kg and 6 ug/kg,
respectively. TCE was not detected In the CSB-ll (0.5-2) duplicate
sample; however, the detected concentration of TCE was at the quantlta-
tlon limit 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 Semi volatile Organic Compounds
Three semi volatile organic compounds, benzole add, bis (2-ethylhexyl)
phthalate, and Isophrone, were detected In the sol) samples. Benzole
add was detected In one surface sample, CSB-12 (0.5-2) at 290 ug/kg.
Bis (2-ethylhexyl) phthalate was found In five soil 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 soil (2 to 4 feet),
The presence of semlvolatlle organic TICs In soils was far more wide-
spread. Various TICs were detected In every boring. In general,
unknowns were the most prevalent class of TICs detected, as each sample
contained unknowns. In addition, unknown ketones were detected In 11 of
16 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 line, (see Figure 4-1). Likewise, the highest total TIC
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concentrations were detected In Borings CSB-10 and CSB-ll, which were
located In the area near the former distillation building, Although the
CSB-ll (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. Especially suspect In this sample Is the presence of
dloctyl ester-hexanedlolc add 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-
Ing (CSB-12) contained the greatest variety of TIC compounds. CSB-ll
(0.5-2) also contained several different compounds, but the presence of
one of these TICs as stated above, Is 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 Its associated breakdown products
<1,<T-DDD (000) and 4,4'-DDE (DDE), were detected In- the onstte soils.
The distribution and concentration of these compounds In the soils Is
shown on Figure 4-1.
DDT was detected In 10 samples at concentrations ranging from 3.9 ug/kg
to 99 ug/kg. DDE was detected In 11 samples at levels from 8.6 ug/kg to
310 ug/kg.
ODD was reported In Sample CSB-ll (0,5-2) and the field duplicate at
levels of 20 ug/kg and 23 ug/kg, ODD was not reported for these samples
by IEA; however, It was determined during the BCM data validation that
these results should have been reported (see Appendix J).
Based on the distribution pattern of these compounds In the soil and the
proximity of the site to former agricultural fields, DDT and the related
compounds are not site-related. With the exceptions of Borings CSB-6 and
CSB-7, DDT and Its breakdown products were detected at similar levels
throughout the samples. In all samples, DDT was found at lower concen-
trations than DDE, Indicating a long residence time In the soils. In
addition, DDT has been banned since 1974. Thus, DDT Is not site-related.
4.2,2,4 Inorganic Compounds
Nineteen metals were detected In onslte soils. Of these metals, the
presence of beryllium and sodium cannot be confirmed In any sample due to
contamination of the associated 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).
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4.2,3 Summary

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

4,3 GROUNDHATER CHARACTERIZATION

Groundwater quality 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
Installed 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 spilt samples were retained by CDM personnel from three
locations. BCM analytical results and accompanying documentation are
contained In Appendix M; the quality assurance review of the groundwater
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 Is 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. DNREC 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 sumnary of the analytical results for the EPA split
samples Is provided In Vables 4-10 and 4-11.
4.3.1.1 Shallow Zone Monitoring Wells
DNREC Investigation Results

Analytical data collected by DNREC for the shallow aquifer has been
evaluated over three time periods: (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 Illustrated In Table 4-4, VOCs were found In the shallow aquifer prior
to Initiation of the groundwater treatment system, Of these VOCs,
trlchloroethene (TCE) was Identified as the major groundwater contami-
nant, along with other associated chlorinated hydrocarbons, Maximum
detected concentrations of the VOCs ranged from 2,8 mtcrograms per liter
(ug/1) of chlorobenzene to 130,000 ug/1 of TCE, The other 12 VOCs and
their maximum detected concentrations Include: benzene (360 ug/1),
chloroform (669 ug/1), 1,1-dlchloroethane (414 ug/1), 1,1-dlchloro-
ethylenb (3,200 ug/1), 1,2-dlchloroethane (30 ug/1), trans-l,2-d1ch!oro-
ethylene (1,000 ug/1), ethylbenzene (1,100 ug/1), toluene (2,300 ug/1),
1,1,1-trlchloroethane (1,800 ug/1), m-xylene (250 ug/1), o-xylene (106
ug/1), and p-xylene (111 ug/1), These data provide Information regarding
the suite of contaminants associated with the Chem-Solv site and with the
evolution of the plume prior to Initiation of the groundwater recovery
and treatment system,
Initial sampling of monitoring wells IA, 2A, 3A, 4A, and 5A In October
1985 showed total VOC concentrations ranging from not detected (Well 3A)
to 1,774,1 ug/1 In Well 1A (located Immediately downgradtent from the
distillation building). 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
January 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/1 and 418 ug/1,
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/1 and 3,5 ug/1 In the treated water, Total
VOC concentrations In the untreated groundwater gradually decreased to a
low of 1.7 ug/1 In April 1988 and then Increased 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/1. Total VOC
Isoconcentratlon 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 Is focused on monitoring local
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downgradtent domestic wells, Since the recovery system was shut off, ( i)
sampling of monitoring wells has been limited to an Individual well In
the area of the recovery system. No volatlles were detected In Hell 5A
In February 1990.
Remedial Investigation Results

Groundwater analytical results for samples obtained In April 1990 and
analyzed for TCL organic compounds and TAL Inorganic compounds are
presented In Tables 4-6 through 4-9. Isoconcentratlon maps for total
VOCs, total volatile tentatively Identified compounds (TICs), and total
semlvolatlle TICs are shown on Figures 4-4 through 4-6.
Seven volatile organic compounds, acetone, benzene, 1,2-dlchloroethane
(1,2-DCA), methylene chloride, tetrachloroethene (PCE), toluene,
1,1,1-trlchloroethane (1,1,1-TCA), trtchloroethene (TCE), and total
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/1 In
Well 33A to 921 ug/1 In Well MWS-7-25. Twelve volatile TICs were found
In two of the wells at total concentrations of 6,800 <.iu,/l. and 2,660 ug/1
for Well 26A and 2,640 ug/1 for MWS-7-25.
The presence of 1,2-DCA In Well MWS-7-25 was questioned after a review of
the supporting documentation (Appendix A-9).

*jA**L'Phenol was found In only one well (MWS-7-25) at an estimated concentra- ("")
tlon of 9 ug/1, Eleven semlvolatlle TICs were detected In three of the >*"'
offslte shallow zone monitoring wells (26A, 41A, and MWS-7-25), No
pesticides were found In any groundwater sample.
Both filtered and unftltered 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 unflltered
samples for each well and by comparing detected concentrations versus the
background levels found In Well 22A, Aluminum,, barium, calcium,
chromium, cobalt, Iron, magnesium, manganese, potassium, selenium,
sodium, and zinc were all found at higher levels In the filtered sample
for at least one shallow well, EPA Region 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 Iron,
zinc, aluminum, and copper are higher In the filtered samples), Since
the majority of the results for all samples show higher levels In the
unflltered samples, this does not appear to be a labeling error. To
evaluate the possibility of contamination from Improperly cleaned
sampling equipment, results for the duplicate samples (Hell 26A) and the
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field blanks were reviewed, With 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-
sium, sodium, and zinc were found at higher levels In the filtered
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 labeling 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 Well 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 five times the background levels), Manganese and sodium
were found In most or all of the downgradlent wells at levels signifi-
cantly greater than background, However, no other dlscernable 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 13
median. This configuration and the associated compounds found In ground-
water In this area are In agreement with historical representations of
the plume associated with the Chem-Solv site, In addition, the total VOC
concentration for the onslte downgradlent well (663 ug/1 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 associated 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 containing acetone,
benzene, 1,2-DCA, and xylenes, as well as benzene-, pentane-, and
hexane-related TICs was found In Hell 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 onslte or near the
site was 200 ug/1 (Well 26A), In addition, the presence of benzeoe 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 additional
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. Hhlle PCE, a compound associated with the site, was found
In one of the two duplicate samples obtained from Well 26A at a concen-
tratlon of 6 ug/1, acetone, benzene, toluene, and the benzene-,
hexane- and pentane-substltuted TICs were also In these samples, It Is
possible that a contamination source or sources, potentially underground
storage tanks, located downgradlent of the site between Wells 26A and
MWS-7-25 could have Impacted both we I'is,
EPA Split Sample Results

Split groundwater samples from Wells 41A and MWS-5-18 were provided to
personnel from CDM Federal Programs Corporation (COM) for analyses. A
summary of these analytical results Is contained In Tables 4-10 and
4-11. The EPA data validation reports containing the analytical results
sheets and documentation are contained In Appendix 0.
EPA split sample results for organic compounds generally agreed with the
BCM data. Chloroform was detected by EPA In Well MWS-5-18 at an esti-
mated concentration of 2 ug/1, Chloroform was undetected In the BCM data
for this well; however, this doe-: not represent a serious discrepancy due
to the low level detected by EPA. Total semlvolatlle TICs found In the
EPA and BCM data for Well 41A were at 48 ug/1 and 86.1 ug/1, 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. With 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 unflltered
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 Wells
DNREC Investigation Results

From October 1984 through November 1985, six volatile organic compounds
were found In Intermediate zone monitoring wells (Table 4-4), These
compounds, chloroform, 1,1-dlchloroethane (1,1-DCA), 1,2-dlchloropropane,
toluene, 1,1,1-trlchloroethane (1,1,1-TCA), and TCE, were detected
Infrequently In onslte Wells 5"'and 98. No organic compounds were ever
detected In the upgradlent well (6B) or In the offslte side gradient and
downgradlent wells (7A and 8A). The maximum detected VOC levels detected
were 1.3 ug/1 chloroform, 1.2 ug/1 1,1-DCA, 38 ug/1 1,2-dlchloropropane,
2,3 ug/1 toluene, 2,1 ug/1 1,1,1-TCA, and 3,4 ug/1 TCE. The presence of
1,2-dlchloropropane In the Intermediate zone (at Well 9B) Is an anomaly
since the compound was never detected In the upgradlent well or In any of
the shallow wells.
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•~~\ During groundwater remediation activities, the total VOC concentrations
) for the onslte Intermediate zone wells ranged from not detected to 44,5

ug/1 (Well 9B), No groundwater samples from the Intermediate zone wells
were obtained by DNREC after the groundwater recovery system was shut
down In November 1988,
Remedial Investigation Results

Low concentrations of volatile and semlvolatlle compounds were found In
the two onslte wells and the upgradlent well (Table 4-8), TCE was
detected In Well 5B at an estimated concentration of 5 ug/1 and was
undetected In Well 9B at the quantltatlon limit, Total semlvolatlle TICs
were 10 ug/1 In the upgradlent well (MWI-1-43), 103 ug/1 In Well 5B, and
60 ug/1 In Well 9B, No volatile TICs, semlvolatlle organic compounds, or
pesticides were detected In any groundwater sample,
EPA Results

Field duplicate samples were analyzed from Well 9B (Tables 4-10 and
4-11). No organic compounds were detected In either sample. Twelve
Inorganic compounds (aluminum, antimony, barium, calcium, Iron, lead,
magnesium, manganese, mercury, potassium, sodium, and zinc) were
detected. Field duplicate results were generally within 20 percent of
each other and with the BCM split samples. However, the aluminum concen-
tration In Sample 9BD (227 mg/1) was twice the level In the duplicate
sample (114 mg/1); aluminum concentrations for the BCM split samples were
428 mg/1 and 398 mg/1,
4.3,1.3 Domestic Wells

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 Is
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 field 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 semlvolatlle compounds, pesticides, and Inor-

, ganlc compounds In both the shallow and Intermediate aquifer/Bows/* \ r\-icJ H\\ 0U I U / 3
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Groundwater quality Information obtained during this and previous Inves-
tigations 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 zones of the aquifer has been limited by the presence of a
silt 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
monitoring wells and nearby domestic wells,
In addition, a second plume has been Identified just north of the Inter-
section of Routes 13 and 42, Groundwater quality data and hydrogeologlc
Information Indicate that source(s) other than the Chem-Solv site are
Involved, The benzene, xylene, toluene, and other TICs located In Well
MNS-7-25 have been Interpreted to be representative of compounds found In
the subsurface after gasoline or other petroleum hydrocarbons (No, 2 fuel
oil or jet oil) are spilled (Appendix A-11), No compounds found In this
well are associated with Chem-Solv, The benzene was detected at a
concentration four times greater than the maximum levels detected In the
historical d?.i'?; 1,2-DCA, which was detected In this well at an estimated
concentration of 16 ug/1, Is not a degradation product of TCE (Appendix
A-11).
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TABLE 4-1

OAIR MONITORING RESULTS

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

ORGANIC VAPOR READINGS
LOCATION TIME OVA HNu

1 1145 0,4 NIR
2 1147 0,4 NIR
3 1148 0,6 NIR
4 1148 0,8 NIR
5 1149 0.8 NIR
6 1149 1,0 NIR
7 1150 1,0 NIR
8 1151 1,2 NIR
9 1152 1,5 NIR
10 1153 1,6 NIR
11 1154 1.7 NIR
12 1155 1,9 NIR

NIR No Instrument response

Air monitoring survey performed October 16,1989,
All organic vapor readings recorded above background
levels,

Source: BCM Engineers Inc. (BCM Project No, 00-6012-02)
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TABLE 4.3

SUMMARY OF SOIL ANALYTIC*!, RESULTS
EPA SPLIT SAMPLES

CHEM.SOIV, INC SITE
CHESWOID, DELAWARE

EPAOigimtSimgnNa: CCHIJ CCHI7 CCH97 CCH9S CCHI1 CCH99
simpi.oni: 02/22/90 02/22/90 02/27/w 02/17/90 02/22/90 02/22/90

EPASimptlNimr SBOIOI SBOW2 5603 OJ SB0344 SWOOI SWOOI
Simpll loeilion: CS&t CSB1 CS8-IO CSB.IO Tup Blink Tnoffiim

O.H O.S.f M1 IH9.9'
PlIMlllll lUnitl)

Volilili Ofgimcl lug/kg)
Anuni 32,08 MOB I30B 27.0B IOOLU no a
Cnloiooiniini 1.0 J 0.0 UJ SOUL 8.0 UL 9.0 U 9.0 U
Cnloiofomi SOU 90 U 90 U 80 U 4,0 J 4.0 J
1,1'OicMominini (Totllj 6 0 U 9 0 U 9 0 U 9.0 U 3,0 B 9.0 U
MimyliniCMOMI M OB ll.de iJOB 22.0 B 3,0 B 9.0 B
Toluini 10 J »OUJ tOUL 9,0 UL 9,0 U SOU
TolllXylintl 90UJ 90UJ tOUL SOUL ],0 J 9.0 U
TllcnttlMIMI 3.0 J 40 J 90 U 90LJ 9.0 U 1.0 U

TllllVOIIIIIII 70 10 NO NO TO 40

Volilili Ogimc Tinlilivily
Klintillid Compounoiiug/Mgi

Hliini ND NO NO 7.0 J NO NO

S«iuv«itliOiguici|ut/kg|
t»iii.EinyiniifiipMniiiii iwoj Jiooj moj NT NT NT
DhVKlylpnMIII 710.0 U 170 OJ 900,0 U NT NT NT
Mpnorant 7400 U 740 OU 1,900,0 NT NT NT
Tolll SimMlnlll !<00 3U.O I.ISOO NT NT NT

SiminlilillOiginioTinlilnily
uimi«MCi»Tip«m«iug/kgi

Unknown 400 OJ IMOJ IOOOJ NT NT NT
unknown Alkini (Tolill ND NO 1,900,0 J NT NT NT
ToulSlmivolllillTICl 400,0 KO.O 2,200.0 NT NT NT

PllMMllfPCBl |»g/kg|
i.f'Ooe noo 1000 2100 NT NT NT
44-.ODD 39 OU 39 OU 32 OJ NT NT NT
4.4.0DT 97 OJ H.OJ 33.0 J NT NT NT

uiotginioComoounoii
Aluminum

NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT

g
J AflHy« pfinflt, RtpQfMvVuimiynolMKCvllllorpfKlli,

NO NotOtlMM
NT Not MM _ _. ^
U Notomciio1, TMiuoMtMnumMnnd«iinippniimi»»mp*man«imi!KtiuiyBMO«mM, ARjillDQ?
UJ Not«MM;o.iuiiM»«llMilmiyMlniceu»lioinp<Ki», niiww I <J J C,
M. NomncMiqumuHnlMiiiiipioiuMynignit,
|| AMyH prmnt, Ai viiuii ipp<om n» nnwmnt aniww HIM, m ouimutwi nuy not H Munyi,

CmeHMtf. KM IngmmM, {BCM f̂ ici No. 004012411
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TABLE 4-10

SUMMARY OF QROUNDWATER ANALYTICAL RESULTS
ORGANIC: COMPOUNDS
ERA SPLIT SAMPLES

CHEM'SOLV, INC SITE REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

n
EPA Organic Sample No,: CX699 CX732 CX697 CX698 CX696

Sample Date; 04/06/90 04/06/90 04/05/90 04/05/90 04/05/90
Sample Name; > : 98" •9SC"::: :'• 4JA' •:; "•':.'• MWS-H8 Trip Bliuiri ;•

' Well Type: dniilVlht,SO Onsitelnl.SQ'" OtiiitiSh, DG OHiiltSh,DQ ' ' """""
Parameter (Unlli)

Volatil'4 Organlcs (ug/1)
2'Butinone 10,0 R 10.0 R 10.0 R 10.0 R 10,0 R
Chlorolorm 5,0 U 5.0 U 5,0 U 2.0 J 5,0 U
Methylene Chloride 3.0 B 6.0 B 5,0 B 1.08 6.0 B
To,tal Volatile* ND ND ND 2.0 ND

Smlvolaui. G, janlcs |ug/l) ND ND ND ND NT

Simlvolallli Organic Tentillvily
IdintllltdCompoundilug/l)

Z-Cyclohexin-ol ND NO 10 J ND NT
Unknown (Total) NO ND 38 J ND NT

Pesllcldei/PCBi {ug/1) ND NO ND ND NT

• Duplicate tamplta
B Net dotectid substantially abovi the level icpontd In laboratory or lltld blanks,
J Analyti prtsint, Rtportad valui may not ba accurata or prsciso.
R Unreliable null, Analytt may or may not ba presant In me sample, Supponlng data necessary to confirm result,
U Not detected, Tho associated number Indicates approximate sample concentration necessary to ba detected,

ND Not detected
NT Not tested
DG Cowngradlenl
SQ Side gradient

I
Source; U.S, EPA Region III
Compiled by; 8CM Engineers Inc. (BCM Project No, 00.60)2-02)

O
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5.0 HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT

5,1 INTRODUCTION

5.1,1 Overview

This human health and environmental risk assessment describes the poten-
tial for adverse health effects due to exposure to chemicals found In the
soil and groundwater at the Chem-Solv, Inc. (Chem-Solv) site. Risk
assessment combines the concentration of the chemicals with toxlcologlcal
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.
5,1,2 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-
ities 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 detailed
presentation 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 Is a medium-density mixture of
agricultural, commercial, and residential land use. Although there Is a
residential unit adjacent to the site and others In the area, there Is no
evidence of consistent site use by area residents such as dirt bike paths
or pathways to schools or playgrounds crossing the site,
The solvent recovery facility, operational from 1982 to 1984, was closed
after an explosion and fire that may have released solvents Into the
surrounding soil, groundwater, and air. In April 1985, 1,300 cubic yards
of soil were processed after the presence of solvents In the groundwater
was Identified. The soil material was processed onslte to remove the
chemicals of concern and then replaced.
The nearest surface water and point of groundwater release Is the Alston
Branch of the Lelpslc River, approximately 0,4 miles from the site.
There are no wetlands adjacent to the site. The excavation, processing,
and replacement of the soil resulted In an onstte depressed area that
holds rainwater for extended periods. As a results, certain wetlands
plants grow In this depressed area,

s-i AR30II05Q
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5.1.3 Scope of Risk Assessment

' The risk assessment Is a forma) 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
In the sol) and groundwater at the site and determines which site-related
chemicals are a potential concern to human health and the environment,
Next, It considers the likelihood thai; humans or the environment are
currently exposed to these chemicals or w i l l 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.
All chemicals, even beneficial ones, may produce some health effect If
the concentration Is 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 Is 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
assuring that all aspects of potential adverse health effects have been
addressed.
Therefore, the risk assessment Is 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 Organization of Risk Assessment

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

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

5-2 AR30II06
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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 Into the body (dose),
Exposure pathways are Identified based on human and environ-
mental populations In the vicinity of the site and within the
pathways of chemical migration,
Toxlcologlcai Assessment presents the toxlclty values derived
by EPA toxtcologlsts for known health effects for each
chemical. The toxlclty 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 toxlclty
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
relied 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-
ground (chemicals of concern) have been selected for characterization of
the risk.
5,2.1 Data Collection Considerations

5.2,1.1 Historical Data
The existing data on the site Is discussed In detail In Sections 4,2.1
and 4,3.1 of the this report. In summary, volatile organic chemicals
were detected In 16 shallow and 1 Intermediate onslte wells, In 9
shallow offslte wells, and In a limited number of residential wells.
Data Is available from 1984 to 1990, There Is evidence to suggest that
there are sources for chemicals detected In these samples from other than
the Chem-Solv site. Post-remediation soil analytical data show that the
concentration of volatile chemicals has been reduced below levels of
concern.
5.2.1.2 Rationale for Collection of Remedial Investigation Data
For the Remedial Investigation, 14 monitoring well locations were
selected to characterize and delineate the offslte migration of chemicals
In the groundwater further, Beneath the site, there Is a clay layer

5-3 AR30H07
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—•, which separates a shallow and deeper (Intermediate zone) aquifer.
: Offslte, 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 either the shallow zone or Intermediate zone
aquifer.
Samples were collected from unsaturated soils In locations surrounding
the area remediated In 1985 to determine If the remediation was suffi-
cient 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-occurlng 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 MHI-1-43) represent upgradlent, background samples.
These samples were analyzed for Target Compound List (TCL) organlcs and
Target Analyte List (TAL) Inorganics. The analytical results for ground-
water are presented In Tables 4-6 through 4-11. Filtered and unflltered
samples were analyzed from all wells. Of the 16 groundwater samples
(Including duplicate samples), six samples were collected from Intermedi-
ate zone wells, one of which Is upgradlent of the site. The remaining 10

} samples were collected from the shallow aquifer, Including one background
(or upgradlent) sample.
Soil
Twenty-one soil samples were collected from seven onslte borings at
depths from the upper 6 Inches to 20 feet. Eleven samples were collected
from the surface soil, defined In this 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 organlcs 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 representative background area, There are multiple sources
of offslte contamination due to the proximity of the highway and agricul-
tural fields, Also, air-borne contaminants may have been associated with
the explosion and fire, The area potentially exposed to any air-borne
contaminants Is unknown and, thus, selection of a representative back-
ground sample 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.

s-4 AR30II08
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5.2,2 Data Evaluation Considerations ^^^

The existing and RI analytical data on Inorganic and organic chemicals In ' i
soil 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 collected from previous site Investigations and the ongoing residen-
tial 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 Is 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 Is used to determine the validity of the data. As
discussed In more detail In this section, there Is an Inherent
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 available
for the historical data.
The data collected during the RI Is considered more representative of
existing conditions. The soil and well locations sampled were designed
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 level of confidence that the
chemical concentration reported by the laboratory Is the same as the
concentration actually present In the sample, QA/QC protocols verify a
series of requirements to support the validity of the data such as proper
operation of the analytical equipment, consistent standard methods,
correctness of calculations, and any uncertainty associated with the
concentrations reported by the laboratory.
Prior to selection of chemicals of concern, the data was validated to
Identify cases where the reported concentration may be Inaccurate
(estimated concentrations) or the chemical may not have been present In
the sample when It was collected (questionable data).

5-5 AR30II09
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Data validation Identifies 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
(quantltatlon limit) that can be measured accurately, but above a level
that can be detected (detection limit), In cases when the result Is
estimated, the chemical was present In the sample; however, It Is not
certain If the actual concentration Is greater or less than the reported
concentration.
During the collection and handling of samples and/or during laboratory
procedures, chemical compounds can be Inadvertently Introduced, To
account for these accidental additions of chemical contaminants, blank
samples that are prepared In 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; msthylens chloride, toluene, acetone, phthalate esters,
and methanol, For any other compounds detected In a related blank, a
factor of 5 Is 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
concern; (1) all chemicals In soil, (2) Inorganic chemicals In ground-
water, and (3) organic chemicals In groundwater. The groups were based on
the conclusions reached In this RI as well as previous Investigations
that organic chemicals, primarily volatlles, 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 Inorganic chemicals of concern were selected 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 soils
(Appendix A-8).
For soil exposure, the upper 4 feet of soil was considered the depth of
most likely human and environmental exposure, Chemicals found at greater
depths were considered qualitatively to describe the extent of any
contamination.
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Volatlle/Semlvolatlle Organic Compounds

,,,_,,,. .... ...„,.-._.,.- -.„„.... ........... ..... —..-.., ... „ ......... ,
number of samples at low concentrations, and most of the data Is
questionable due to the presence of that chemical In a related blank,
In the 11 shallow soil samples, trlchloroethene was detected twice with a
maximum estimated concentration of 6 mlcrograms 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 soil 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 soils (6 to 20 feet), human or environmental exposure to chloro-
form Is considered unlikely.
Methylene chloride was detected In 7 samples; however, all of these are
questionable due to blank contamination.
Acetone was detected In 9 soil samples taken from depths greater than
two feet, All these results were questioned due to blank contamination,
Six soil samples from the 15 samples collected had detectable levels of
semlvolatlle 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 soils; 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. Benzole add was detected
In only one sample at 290 ug/kg.
Pesticides

The pesticides detected In onslte samples are attributable to farming
activities In the adjacent fields. The use of DDT In the United States
was banned In 1972, ten years prior to the time operations began at the
site In 1982.
The pesticide DDT and Its breakdown products, DDE and DDD, were found In
9 of the 15 samples collected throughout the site, at a maximum total
concentration of 390 ug/kg (determined by averaging duplicate sample
results for soil sample CSB-ll and summing the DDT, DDE and DDD results).
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DDT Is not considered site-related, The site Is surrounded by agrlcul-
'"""> tural fields and DDT and Its breakdown products are very persistent In

' the environment; therefore, the presence of DDT In the soils Is not
unexpected, Literature values report DDT 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 onslte lead concentration Is
72.2 mg/kg, compared to the highest value for the area of 20 mg/kg. The
average onslte lead concentration for all samples Is 20.4 mg/kg and,
therefore, typical of background,
The presence of slightly elevated levels of lead In Isolated locations on
the site Is not unexpected, The Impact of the highway and emissions from
cars and trucks Is highly probable.
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 In Groundwater
To present a conservative estimate of the risk, all the volatile organic

•"~""\ chemicals were Included as chemicals of concern, even those chemicals
j detected Infrequently (Tables 5-2 and 5-3). Ten volatile organic

chemicals are Included In this list, Seven of these chemicals, chloro-
form, 1,2-dlchloroethane (1,2-DCA), methylene chloride, tetrachloroethene
(PCE), toluene, 1,1,1-trlchloroethane (1,1,1-TCA), and xylene were
detected In only 1 of the 10 downgradlent well samples, Two chemicals,
acetone and benzene, were detected In 2 of the 10 wells. One chemical,
trlchloroethene (TCE), was detected In 3 downgradlent wells.
Phenol was the only semlvolatlle compound or pesticide detected. Phenol
was found In one downgradlent, offslte shallow well at an estimated
concentration of 9,0 mlcrograms per liter <ug/l>. Phenol, a non-
carcinogen, was not Included In the chemicals of concern since this
chemical was only detected In one sample at a location fairly distant
from the site. Phenol Is easily degraded by bacteria (Verschueren,
1983). Therefore, It Is highly unlikely that this chemical would migrate
In the groundwater at significant distances from the site.
The background wells, both shallow and deep, contained no volatile
organic compounds, Blank samples did not contain any contamination,
Therefore, none of the volatile organic data were questionable.
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5.2.3.3 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
expiained as either 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 certain samples.
Inorganic parameters were analyzed on both filtered and unflltered
samples. The data are presented In Table 4-7 and 4-9. The unflltered
data Includes Inorganics absorbed on participate soli material as well as
Inorganics dissolved In the water. The filtered results represent dis-
solved Inorganic constituents only,
The evaluation of Inorganic groundwater data was performed on the
filtered samples, Previous evaluation, as discussed In Section 5,2.3,
showed that onslte soils, regardless of depth, do not contain concentra-
tions of Inorganic parameters above background. Therefore, the soil
partlculate material measured In the unflltered samples Is considered to
be the result of naturally-occurlng soil material.
The data for filtered samples were compared to background. Any para-
meters found at concentrations greater than 50 percent above a quantified
background concentration were considered In more detail. When both the
background and downgradlent concentrations were estimated, such as those
detected below the quantltatlon limit, the concentrations were not
considered different. "
Shallow Hells

Aluminum was detected above background In only one well, MWS-3-17, and
mercury was detected above background In only one well, MHS-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 downgradlent shallow wells Installed by
DNREC (26A, 4IA, 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 conditions
are present. The low oxygen conditions are generally caused by bacteria
consuming organic matter In the water. It Is not clear If this condition
Is related to site-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
downgradlent shallow wells.
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_ Since known site activities Involved 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 soil

during remediation resulted In Increased exposure of the soil to Infil-
trating rainwater 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, selenium, aluminum, and mercury are
Isolated, single cases, Metals are to likely to be present due to site-
related activities. Iron, manganese, sodium, and calcium do not
represent the same level of concern for public health.
Intermediate Hells

The majority of Inorganic parameters detected above background levels
(aluminum, arsenic, calcium, potassium, and sodium) were found In
MWI-4-40. This well Is located on the Durham property. Mr. Durham has
reported difficulties with a high mineral content In his drinking water
well, It Is likely that there Is an area of high dissolved salts In the
deep aquifer In this area, Mercury was elevated In one sample from well
9B. 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 list of chemicals Is 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 oils, were not found
In any other well on or offslte. This suggests that there may be another
source of this material such as past leakage from offslte underground
storage tanks,
These chemicals were not Included as chemicals of concern because of the
limited number of detections and Indications that their 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
organlcs Is supported by the analytical data collected during previous
Investigations and the history of product use at the site.
In groundwater, the only semlvolatlle detected, phenol, Is considered an
Isolated 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 soil samples, The majority of
the volatile detections are questionable, the semlvolatlles were found In
Isolated samples, and the Inorganic parameters are within literature
values for background.

5,3 EXPOSURE ASSESSMENT

Exposure assessment determines the pathways that may result In 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 dally 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
residential 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 Assumptions

Exposure pathways Include all the various ways In which humans come In
contact with the chemicals of concern, either 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., volatilization
of chemicals from groundwater Into the air).
At this site, the media of concern Is groundwater and the chemicals of
concern are several volatile organic chemicals. The exposure pathway
Identified Is;

Residential Use of Groundwater
- Ingestlon of groundwater
- Inhalation of Indoor 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-
tial exposure via Ingestlon 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 little 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 volatile chemicals of concern Indicate

1 the potential for elevated concentrations In this creek Is highly
unlikely,
The objective of the exposure assumptions Is to determine how much of the
chemical Is actually taken Into the body (dose), The dose received on a
dally 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 Identified exposure pathway. As a result, It Is 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 Region III guidance and the most current Superfund Risk Assessment
guidance documents (EPA, 1989a, 1989b, and 1989c). 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 period over which exposure Is assessed,
For carcinogens, the averaging time Is a 70-year lifetime. For chemicals
with non-carcinogenic effects, the averaging time Is one day.

5,3.2,1 Ingestlon of Drinking Water
'""̂  The standard assumptions for drinking water are Ingestlon of 2 liters (a

; little over 2 quarts) of water a day by a 70-kilogram (154-pound) person
'-"' (EPA, 1989a and 1989b). This assumption Includes water that Is consumed

as coffee, Juices, 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
liters a day (EPA, 1989c).
5.3,2.2 Inhalation of Indoor Air
At this time, there Is Increasing awareness that Inhalation of volatile
chemicals that accumulate In Indoor air can play a significant role In
exposure. Chemicals enter the Indoor air during everyday household usage
such as washing clothes, showering, bathing, and flushing the toilet.
However, there Is still considerable controversy regarding the methods
that can be used to estimate the dose from this exposure (EPA, 1989a and
1989b).

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 air exchange or
ventilation rate of the house. The exposed Individual Is assumed to
remain Indoors 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 (DWE), Use of OWE allows direct extrapolation from
exposure via Ingestlon of water to exposure via Inhalation for the same
concentration of a chemical In the water. Exposure via Inhalation Is 0.95
times the DWE 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
Is 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.

/"SThe amount of skin In contact with the water was estimated as 1.94 square LJ
meters, This value Is suggested In the current EPA protocol and Is
considered to represent the fiftieth percentlle total body surface area
for adult males (EPA, I989b).

There Is very little Information of dermal adsorption rates for
Individual chemicals (EPA, 1989a). For this risk assessment, the values
were derived from data provided by EPA Region I 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 planed 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 Installed at depths greater than 100 feet, However,
the high porosity of the soil and absence of a confining aquifer In all
areas suggests that water from shallow aquifers Is likely to be Included
In the recharge for the Intermediate wells, In this way, human exposure
to water from the shallow aquifer may occur,
Plume Definition.
The 12 downgradlent 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 likely to represent the plume. The
data for the near wells, 5B, 9A, 26A, 33A, and 39A, Is presented In Table
5-2.

The second group, the far wells, Included all the near wells plus five
additional wells, 41A, MWI-4-40, MWS-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 Is evidence to suggest that former underground
storage tanks upgradlent 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 associated 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 lire In accordance with guidance received from EPA Region
III (Appendix S) and Risk Assessment Guidance for Superfund (EPA, 1989),
Average Concentration

The arithmetic average was obtained using data from the near and far well
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. Tha most quantitative form of statistical analysis, para-
metric statistics, requires that the arithmetic average only be calcu-
iated directly when the data are normally distributed, Normal distribu-
tion represents one of many patterns for data, A more typical pattern for
environmental data Is 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 techniques for adjusting data to a normal distribution were not
evaluated, The arithmetic average was selected because this value
represents an unbiased estimate of the mean (Gilbert, 1987). Since the
data tend to be skewed to higher concentrations, It Is highly likely 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-deteqted 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 Is not found In a sample, the laboratory reports the
value as non-detected above a certain level, This means that If the
chemical Is present, the concentration Is below the detection li m i t
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, listed as zero, or listed as
one-half the detection limit. For this risk assessment, arithmetic means
were calculated using one half the detection limit for data which was
reported as less than the detection limit, Method detection limits were
obtained from the contract laboratory and are listed In Appendix W,
When a compound was detected (quantified or estimated) but the value Is
questionable because 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
'"~>N 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 Is predicted to be lower than the average and In 50 percent of
the samples the concentration may be higher than the average.
The RME Is used to account for the fact that the actual number of samples
Is 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 Is 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

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 l i m i t 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 Its basis 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 limit for samples with non-detect results, It
Is likely that for many of the wells, the chemicals are not present at
a l l . 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 their locations Improves the confidence
level In the data base,
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There Is 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 literature
values for many compounds are not available, The absence of chemical
specific permeation constants may have either overstated or
underestimated the risk.
5.3.5 Summary of Exposure Assessment

The only media of concern Identified was the groundwater. The exposure
pathways Identified was the residential use of groundwater. This pathway
Includes Ingestlon of water, Inhalation of airborne contaminants, and
dermal absorption of contamlnantlon through water usage, Future usage of
the site Is considered to be the same or the current usage,

5,4 TOXICITY ASSESSMENT

The toxlclty profiles provided In Appendix U summarize chemical and
toxlcologlcal Information on the chemicals of concern. A more technical
presentation of toxlcologlcal data for the chemicals Is given In Appendix
V. Unless otherwise noted, the technical toxlcologlcal profiles were
obtained from the Integrated Risk Information System (IRIS).
EPA toxlcologlsts derived toxlclty values after an extensive review of
the available data for each chemical, Although data from epldemlologlcal
studies on human exposure Is the most valuable, generally the only data
available are laboratory studies with animals, There Is 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, Dose-response evaluations utilize this data to assess the poten-
tial for health effects In humans exposed to low doses for long periods,
Toxtclty 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 Ingestlon of soil, sediment, or
water (oral); Into the lungs after Inhalation of vapors or partlculates
In the air (Inhalation); and Into ttio body through the skin after contact
with chemicals In soil, 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, certain metals, such as hexavalent
chromium, have been shown to have carcinogenic effects via Inhalation but
not via Ingestlon.
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n Chemicals can also have both carcinogenic and noncarclnogenlc effects.
Therefore, It Is possible that a chemical can have both a carcinogenic
health effect factor for oral and Inhalation exposure and a non-
carcinogenic health factor for oral and Inhalation exposure.
The toxlclty 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 to Identify toxlclty values and are listed In order of preferential
selection,
Integrated Risk Information System (IRIS)

IRIS 1s an on-line computer data base that presents toxlcologlcal assess-
ments of chemicals and the status of EPA-approved toxlclty values, The
toxlclty values obtained 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 toxlclty values from a variety of recognized sources In addi-
tion to IRIS, The toxlclty values obtained through HEAST were taken from
the Fourth Quarter, 1989,
5.4,1 Toxlclty Information for Noncarclnoaenlc Effects

The potential for adverse noncarclnogenlc health effects Is estimated
with a toxlclty value known as a reference dose (RfD). RfDs are associ-
ated with an adverse health effects which are also referred fo as
toxlclty endpolnts, The RfDs and toxlclty endpolnts for the chemicals of
concern are listed In Table 5-7,
Reference Dose

The model to determine RfDs from the dose-response assessment assumes
that there Is a concentration for noncarclnogens below which there is
little potential for adverse health effects over a lifetime of exposure,
The RfD Is designed to represent this threshold level,
The RfD Is calculated from the highest chronic (long-term) exposure level
that did not cause adverse effects (the no-observed-adverse-effect-levei
or NOAEL) In animals, The NOAEL Is 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 weight per day) Is used to
quantify the risk.
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Endpolnt

The determination of adverse Impact for noncarclnogens Is based on a wide i. |'
variety of responses ranging from Increases In organ weight, changes In
blood chemistry, to death. Noncarclnogenlc effects are also defined by
the toxlclty endpolnt In laboratory animals used to Identify the RfD.
5,4,2 .Toxlclty 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 toxlclty value calculated for carcinogens Is
known as the potency factor (PF). The welght-of-evldence Is a qualita-
tive descriptor that Is Important to the Interpretation of carcinogenic
risk. The PFs and welght-of-evldence for the chemicals of concern are
listed In Table 5-6.
Potency Factors

The PF Is calculated with a mathematical model that draws a line 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
slope 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)-'.
Welght-of-Evldence

The welght-of-evldence reflects the degree of confidence In the data used
to determine that the chemical Is a human carcinogen, EPA toxlcologlsts
recognize that the risks associated with a known human carcinogen, based
on epldemlologlcal 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 carclnogen'lclty In humans and animals, The
definitions for the groups are presented In Table 5-8,
5.4.3 Chemicals Without Available EPA Toxlclty Values

Uncertainty Is low with regards to omission from the risk calculations of
chemicals without EPA toxlclty values. All the Identified chemicals of
concern have EPA toxlclty values. Therefore, the only chemicals not
Included In the risk assessment are the TICs, In the majority of the
samples, the TICs are listed as unknown, In the two wells with names
assigned to the chemicals, 26A and MSW-7-25, the TICs are generally
associated 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) (Blngham eJt aj.., 1980). Benzene Is Included
In the risk assessment; no PAHs were detected In the groundwater.
5.4.4 Uncertainties Related to Toxlctty Information.

In the general profiles, much of the Information on human health effects
from chemicals Is based on occupational exposure. Adverse effects
observed In the workplace are a valuable source of toxlcologlcal Informa-
tion. Some of the health effects studies discussed In the toxlcologlcal
profiles presented In Appendices U and V may have been used by EPA
lexicologists 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. Workplace 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 relies 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
uncertainty, particularly because different species of animals respond
with different sensitivities to chemicals. Also, there are many models

, available which extrapolate animal data to_. humans and the toxlclty
; 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 Is unlikely to be higher, It could be much lower.

5.5 RISK CHARACTERIZATION

The risk characterization combines the exposure dose with the toxlclty
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 noncarclnogens (hazard
Index, HI). The methods and results for this risk assessment are
presented separately for carcinogens and noncarclnogens,
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5,5.1 Carcinogenic Risk Characterization ^^

5,5.1.1 Methods ' V
Carcinogenic risk Is calculated by multiplying the exposure dose (chronic
dally Intake CCDIl) 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 10-° can also be viewed as a
one In one million probability that there w i l l 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 together 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 10-4 to 1 x 10'8 has been Identified for Superfund
sites. This means that target risk levels should be between an upper
limit of a 1 In 10,000 probability of cancer Incidence to a lower limit
of 1 In 10,000,000. A total cancer risk of 1 x 10-" Is often used as a
benchmark by state and federal regulatory agencies.
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. Trlchloro-
ethene was greater than 50 percent of the total cancer risk within the
near well group.
For the far wells, the cancer risk associated with the average exposure
for all pathways was slightly over the EPA target risk range with a value
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 trlchloroethene.
Ingestlon of Groundwater

The average and RME cancer risk associated with the near wells was 6 x
10'5 and 2 x 10-4, respectively. Approximately 50 percent of the
risk can be attributed to trlchloroethene, and 33 percent to benzene.
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For the far wells, the cancer risk associated with the average and RME
was 1 x 10-4 and 3 x 10-4, respectively, Again, benzene and
trlchloroethene 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 trlchloroethene. 1,2-D1chloroethane contributed
approximately 5 percent of the risk for the far wells.
r,nhajat|pn of Indoor Air

The average and the reasonable maximum cancer risk associated with
Inhalation of airborne contaminants from the groundwater for the near
wells was 7 x 10-5 and 3 x 10-4, respectively. The majority of the
risk (approximately 70 percent) was attributed to trlchloroethene, while
benzene represented the remainder of the risk. For the far wells, the
cancer risk associated with the average and RME was 1 x 10-4 anfj 3 x
10-4, respectively. Benzene contributed of approximately 70 to 80
percent of the risk and trlchloroethene contributed 20 percent.
1,2-Dlchloroethane contributed less than 5 percent of the risk for the
far wells.
Dermal Absorption of Groundwater During Use „,

For the near wells, the average and the reasonable maximum cancer risk
associated with dermal absorption of contaminants was 1 x 10-5 and 3 x
10-5, respectively. Benzene and trlchloroethene equally contributed 50
percent of the risk. The cancer risk associated with the average and RME
for the far wells was. 4 x 10'5 and I x 10-4, respectively. The
majority of the risk (approximately 75 to 90 percent) was attributed to
benzene. Trlchloroethene contributed only 10 percent of the cancer risk.
A General Discussion of Cancer Risks

The Interpretation of cancer risk Is complicated by the absence of
guidance from the federal government on acceptable risk, Instead, the
decision 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 10-4 to 1 x 10-fi) Identified for Superfund
Is consistent with that for other federal agencies that make risk-based
decisions. 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 io~3
(Rodericks, at al., 1987).

It Is also helpful to consider the risks associated with this site In a
context of normal, everyday risks. The cancer risk associated with
natural background radiation Is greater than 1 x 10-4 anrj the risk from
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smoking Is greater than 8 x 10"2, or 8 In 100, Strictly speaking,
unavoidable 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
Included Just to help the reader's perspective on various levels of
cancer risk,
5.5.2 Noncarclnogenlc Risk Characterization

5.5.2,1 Methods
The numerical value for noncarclnogenlc risk Is the Hazard Index (HI),
The HI Is the ratio of the exposure dose to the RfD and Is calculated by
dividing dose (chronic dally 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 limited potential for lifetime health effects.
Hence, HI values greater than 1 Indicate that exposure exceeded the
acceptable dally level while HI values less than 1 show that exposure Is

Similar to cancer risks, the ill values for each chemical are summed
together to assess the overall potential for noncarclnogenlc 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
EPA has not established specific guidance for acceptable HI values,
However, since an HI value of 1 Indicates that lifetime exposure has
limited 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 toxlclty
endpolnt 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 chemicals and the total HI for each pathway
did not exceed unity (the value of one), Therefore, for the exposure
pathways examined, potential noncarclnogenlc health effects are not
expected,
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Ingestlon 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 associated with acetone (0,004)
consists of approximately 50 percent of the total HI value. Tetrachloro-
ethene and 1,1,1-trlchloroethane each represent approximately 25 percent
of the total HI. For the far wells, acetone, tetrachloroethene, and
1,1,1-trlchloroethane represent the majority of the HI (approximately 80
percent).
Inhalation of Groundwater Purina Use

The average and the reasonable maximum HI values associated with
Inhalation of airborne 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
associated with the dermal 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.
5,5,3 Uncertainties In Risk Characterization

Areas that represent some uncertainty In the risk assessment Include the
toxlcologlcal effects of chemical mixtures and the presence of any
unknown chemicals,
There Is very little Information on the toxlcologlcal effects of
mixtures, In some cases, the presence of several chemicals together may
result In an enhancement of the overall toxlclty (synergtstlc) effects,
Other chemicals mixed together may result In fewer toxic effects
(antagonism), There Is uncertainty associated with having many chemicals
together.
Lastly, the chemical analyses were for specific parameters, The
chemicals evaluated are those that have been Identified as the most
Important chemicals In air, soil, and water, The possibility exists that
other chemicals are present that were not detected.
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The Information Included In the general toxlclty profiles (Appendix U)
represents a broad spectrum of studies that are available on health
effects. The conclusions may or may not have undergone extensive review
to determine their significance or validity, 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 site
biological survey, The steps Include a description of relevant aspects
of the site, Identification of chemicals of concern, exposure pathways,
toxlclty assessment, and risk characterization, The final step Is a
survey of the site conducted by a trained field biologist to determine
any observable Impacts.
5,6,1 Site Description

The aspects of the site description relevant to the environmental sssess-
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 soil or runs onto the adjacent highway so that
there are no surface drainage bodies of concern. The point of ground-
water discharge Is sufficiently far from the site that these surface
waters are unlikely to be Impacted.
The terrestrial plant and animal community on the site Is the environ-
mental receptor of concern. Therefore, soil Is the medium of concern as
this represents the only completed exposure pathway.
5.6.2 Identification of Chemicals of Concern

There are no chemicals In the soils 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 concern 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 Biological Site Assessment

On June 15, 1990, a qualitative analysis of the plant communities was
conducted at the Chem-Solv site. The purpose of the analysis was to
describe the terrestrial community and make a qualitative determination
of plant distribution patterns.
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The area of Investigation was confined to the area within the chalnllnk
fence. The study area Included well 3A and the remains of a concrete pad
In the north central portion of the area (Figure 5-1). The entire study
area Is characteristic of an early successlonal stage meadow. Within
this meadow, three mlcrocommunltles were defined based on patterns In the
distribution of species. Each of the three communities separately
Inhabits approximately one-third of the site, A presence/absence matrix
of the predominant taxa observed on the Chem-Solv site Is 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 species 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 1
and likewise Includes several species of clover, cow vetch, fleabane,
plantain, Ironweed 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 occu^ri. 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, planataln 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 communities are characteristic of early successlonal 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 typically 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 likely 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 soils, Thus, this area supports the
fewest number of perenn'al taxa compared to Areas 1 and 2, Area I
supports the greatest number of perennial taxa and Is likely the oldest
of the communities, Area 2 Is Intermediate In occurrence of perenniais
and was likely 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., moisture 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 taxa In Areas 1 and 2 cannot tolerate such wet
conditions,
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5,7 CONCLUSIONS OF THE RISK ASSESSMENT —y

The following paragraphs summarize the Chem-Solv assessment conclusions '
(Table 5-13).

- 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 In'the
exposed population. The conservative approach Is used to
assure that the results of the risk assessment w i l l 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-trlchloroethane, xylene, 1,2-dlchloroethane,
benzene, and trlchloroethene,

- The inorganic chemicals in the soil and yroundwater and the
organic chemicals In the soil are either within the rang'e of
natural background, or detected Infrequently and at low
concentrations so that their presence as site-contaminants Is
unlikely,

- In the near well group, those most likely 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 10-4, jhe majority of the >•»"
risk (greater than 50 percent) Is due to trlchloroethene,

- In the far well group, the maximum or RME cancer risk Is 7 x
10-4, T.ne cancer risk associated with the average concen-
tration Is 2 x 10-4. T|,e majority of the risk (greater
than 60 percent) Is due to benzene found In Well MWS 7-25,

- The level of potential exposure to all chemicals with
noncarclnogenlc effects Is over 10 times lower than the level
considered unlikely to produce an adverse Impact for a
lifetime of exposure.

- There Is no evidence of widespread distribution of I the
site-related chemicals, I.e., chlorinated solvents.
Trlchloroethene was detected In 3 of 12 downgradlent wjalls
and tetrachloroethene was detected In 2 of the 12 wells. •>

- There Is evidence to suggest that some or all of the con-
taminants In Wells 26A and MWS-7-25 may be due to leakagf of
gasoline or other fuel from former offslte underground
storage tanks, The chemicals without positive Identifica-
tion, TICs, In these wells are components of combustion
fuels, This Information Is discussed In more detail In
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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 soil contamination, surface waters on or adjacent
to the site, and a point 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
soil disturbance during remedial activities.
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TABLES-2

CHEMICALS DETECTED IN GROUNDWATER • NEAR WELLS

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

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

(ufl/l) (ug/1) (ug/1)

Acetone 1/5 10-50 110 < 10
Benzene 1/5 5-25 53-200 if <5
Tetrachloroethene 1/5 5-25 6 < 5
Toluene 1/5 5-25 3 < 5
1,1,1-Trlchloroetnane 1/5 5-25 23 < 5
Trlchloroethene 3/5 5-25 5-540 < 5

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

Compiled by: BCM Engineers Inc. (BCM Project No, 00-6012-02)
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TABLES-3

CHEMICALS DETECTED IN GROUNDWATER- FAR WELLS

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

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

(ug/1) (ug/1) (ug/1)

Acetone 2/10 10-50 51-110 < 10
Benzene 2/10 5-25 53-630 < 5
Chloroform 1/10* 5-25 2 <5
1,2-Dlchloroethane 1/10 5-25 16 < 5
Methylene chloride 1/10 5-25 5 < 5
Telrachloroethene 1/10 5-25 6 < 5
Toluene 1/10 5-25 3 < 5
1,1,1-Trichloroethana 1/10 5-25 23 <5
Trlchloroethene 3/10 5-25 5-540 < 5
Xylene 1/10 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

Compiled by: BCM Engineers Inc, (BCM Project No. 00-6012-02)
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TABLE 5-4

ASSUMPTIONS USED IN CALCULATING EXPOSURE

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

Reference
Ingestlon of Groundwater

Ingestlon Rate (liters/day) 2 EPA, !989a
Body Weight (kg) • adult 70 EPA, 1989a
Lifetime Exposure (years) 70 EPA, 1989a

Dermal Absorption from Groundwater Use

Skin surface area • Adult 19400 EPA, 1989
Exposure tlmo (̂ ours/event) 0,25 EPA, 1988
Exposure frequency (events/year) 365 Site Specific
Exposure duration (years) 70 Site Specific
Body weight (kg) • Adult 70 EPA, 1989c
Lifetime Exposure (years) 70 EPA, I989a

J Inhalation from Groundwater Use

Assumptions used to calculate Inhalation exposure EPA, 1986
are listed In Appendix

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

CONCENTRATIONS USED IN RISK ASSESSMENT CALCULATIONS IN PPB ' <~. • *

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

Far Wells Near Wells
Chemical

Average RME Average RME

Acetone 12,64 28,11 13,16 43,03
Benzene 95,88 282,56 25,53 95,6
Chloroform 0,59 0,94
1,2-Dlchloroethane 1,77 5,35
Methylene chloride 2,57 3,18
Tetrachloroethene 0,89 1,5 1,16 2,65
Toluene 0,41 0,71 0,54 1.3
1,1,1- Trlchloroethane 2,85 7,91 5,09 17,52
Trlchloroethene 55,35 177,17 110,34 408,54
Xylene 2,71 8,06

• - - Compound not detected In the onslte wells
RME • Reasonable maximum exposure Is defined as the upper bound 95

percent confidence Interval of the arithmetic average,

Compiled by: BCM Engineers Inc. (BCM Project No, 00-6012-02)
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TABLE 5-6

TOXICITY VALUES: POTENTIAL CARCINOGENIC EFFECTS

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

Slope Factor Weight -of-Evldence Tumor , Source of
Chemical (mg/kg-day)-1 Classification Site ' Slope Factor

Benzene Oral 0,029 A Leukemia IRIS
Inhalation 0,029 A Leukemia , IRIS

Chloroform Oral 0,0061 B2 Kidney IRIS
Inhalation 0,081 B2 Kidney, Uver • IRIS

1,2-Dlchloroethane Oral 0,091 B2 Circulatory System IRIS
Inhalation 0,091 B2 Circulatory System IRIS

Methylene Chloride Oral 0.0075 B2 Uver IRIS
Inhalation 0,0075* C Uver, Lung IRIS

Tetrachloroethene Oral 0,051 B2 Uver ,' IRIS
Inhalation 0,0033 B2 Leukemia, Uver HEAST

Trlchloroethene Oral 0.011 B2 Uver HEAST
Inhalation 0,017 B2 Lung • HEAST

* Inhalation slope factor not determined for Methylene Chloride;
oral slope factor used for exposure calculations,
IRIS • Integrated Risk Information System
HEAST • Health Effects Assessment Summary Tables

Compiled by: BCM Engineers Inc. (BCM Project No. 00-6012-02)
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TABLE 5-7

TOXICITY VALUES: POTENTIAL NONCARCINOGENIC EFFECTS

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

Oral ' Uncertainty and
Chemical Chronic RfD Confidence Critical RID Modifying Factors

(mg/kg-day) Level Effect Source UF MF

Acetone 0,1 Low Kidney, Uver IRIS 1000
Chloroform 0,01 Medium Uver IRIS 1000
Methylene Chloride 0,06 Medium Uver IRIS 100
Tetrachloroethene 0,01 Medium Liver IRIS 1000
Toluene 0,3 Medium Blood IRIS 100
1,1,1-Trlchloroethane 0,09 Medium Uver IRIS 1000 1
Xylene 2 Medium Mortality IRIS 100 1

IRIS • Integrated Risk Information System
* Inhalation RfD have not been determined; oral RID values were used In the exposure calculations,
except for 1,1,1 -trlchloroethane, HEAST lists an Inhalation RfD of 0.3 mg/kg-day for 1,1,1 •
trlchloroethane, Critical effect Is the central nervous system and uncertainty factor of 100,

Compiled by: BCM Engineers Inc. (BCM Project No, 00-6012-02)
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BCM :

TABLE 5-8

EPA CATEGROIES FOR POTENTIAL CARCINOGENS

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

EPA Group '
Category Description

Group A Human ,
Carcinogen

Group B1 Probable Human
Carcinogen

Group B2 Possible Human
Carcinogen

Group C Possible Human
Carcinogen

Group D Not Classified

Group E No Evidence

Source; EPA, 1988 ',

I
i
I

f

i

Evidence

Sufficient evidence from epldemlologlc
studies to support a causal association
between exposure and cancer In humans

Limited evidence In humans from
epldemlologlc studies

Sufficient evidence In animals,
Inadequate evidence In humans

United evidence In animals and/or
carlnogenlc properties In short-term studies

nadequate evidence In animals

No evidence In at least two adequate
animal tests or In both epldemlologlc
and animal studies

i
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TABLE 5-9 >-*.

CANCER RISK ESTIMATES. NEAR WELLS '

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

Chemlol
CDI (mg/hg-diy)
Avingi RME

Slope
Factor

Weight ot Chemical Spiclllo Rlik Total Expoiurt Pathway
Evldince Average RME Average RME

^̂ îl̂ l̂̂ l̂î l̂ l̂̂ ei
Bennne
Telncnloroeinene
Trldiloroithine

7.30E-04
3.30E-09
3.20E-03

2.7QE-03
7.60E-05
I.20E-02

0,029
0,051
0,011

A
B2
B2

2E49 8E«
2E-08 4E-08
3E-09 IE-04

6E« 2E.04

Ejpowr« 'Pathway;. InhiiiHon of Conumlntnnin'QiouiKiwiter:Duitiig:U>»it- ...,.:! i •; .v1. i / , • '.-̂ .ri •'•.; v '•;. •-:.• '''?.'•; • • j?:: / '''. .p' :v ; f. ' ]

Bemine
Tetnuhloroetnene
Trictiloroeinene

e.ME-04
3,10Ê 5
3.00E-03

2.60E-03
7.20E-OS
1.10E-02

0,029
0,0033
0,017

A
B2
82

2E-OS 8E-09
IE-07 2E-07
9E-09 2E04

7E-05 3E44

Expo«ur» Ptlhwiyt-Dirriiil Ab»oipilonol CtintinilninB In Qroiindwiw. During [(»»:<:•' ' ' : '.''''' v '•'' .' ; • • ; ; •. :.

Bemine
Tetrichloroettiene
Trlcliloroitnene

2.S3E-04
I.81E-09
4.HE-OS

1.06E-03
3.B7E-09
1.70E-04

0.029
0,091
0,011

A
B2
82

6E-09 3E49
BE-07 2E-OS
iE-07 2E06

O
1E09 3E-05

TOTAL EXPOSURE IE-04 9E4*

RME • Rmonibli mulmum enpoiure Ii dillnid M Die uppn Mund 99 pircint confidence
Inlirvil ol me irltnmetlo iverige

Compiled by; BCM Englnein Ino, (BCM Projtct No, 00-6012-02)
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TABLE 5-1Q

CANCER RISK ESTIMATES • FAR WELLS

CHEM-SOLV, INC, SITE HCMEDW INVESTIGATION
CHfcSWOLD, DELAWARE

CDI |mg/kg-day) Slope Weight ol Chemical Specillo Risk Total E«po«ure Pathway
Chemical .Average RME Factor Evldtnce Avenge RME Avtrage RME

E«rx»irePatln.*ŷ lngê bnof.Cbnte>minat«clQroundw«ie(v.'.̂  .'•.. •''.•'.'..:• •'•::x'.;;'i:: X:;.̂ .' !;•• •••'<'. ; !.. • : '. -.' ••'̂.•iV''.̂  •'•:••' :•

Ben»ne
Chloroform
1i2-Dlchloroetnene
Methytene chloride
Tetrachloroethene
Trlchloroethine

I2.70E03
1.70E-03
6.10E09
7.30E-0!
2.50E«!
1.60E-03
1
F

6.10E-03
2JOE-09
l.MÊ M
9.1QE-09
4.30E-05
S.10E-03

0,029
0,0061
0,091
0,0079
0.091
0.011

A
82
82
82
B2
B2

8E-05
IE'07
5E-08
6E-07
IE-OS
2E-05

2E-04
2E-07
1E-09
7E-07
2E-08
6E-09

IE'04 3E-04

ExpownPalhwavi mhalatlonol Cwiumin«nu hi Qrounowilir During Ui« :,~ .-. • :.;: v . , , . : . . ' . ':.

Bemine
Chloroform
1,2-Dlchloroetnine
Methylene chloride
TeuachloroeUiene
Trlohloroethene

2.60E-03
1.60E-09
4.80E-05
7.00E-05
2,40Ê J!
1.90E03

7JOE-03
2.60E-09
1.90E-04
8.60E-09
4.10E-09
4.80E-03

0,029
0,081
0,091
0,0079
0,0033
0.017

A
82
82
82
82
82

8E«
IE-OS
4E-09
5E-07
8E-08
3E-05

2E04
2E-08
IE-OS
6E-07
IE-07
8E-09

1E04 3E-04

Expo«iiePiihv.ay;, Dermal Abtorptlon ol Cohiamininte In eroundwatn;DurlnBU5«.:i; •-'... :"':;:'̂ >;! :<;';':•'!. ••'. ::, /: • • :' : :. :

Btniine
Chloroform
1,2-Dlchloroethane
Methylene chloride
Tetrichloronriene
Trlchloronhine

'i,oeE«
.4.09EW
1.23E-09
1J8E-OS
I.23E-09
2.30E-09

3.I3E-03
6,5 IE-08
3J1EKJ9
2.20E09
2,08E-09
7.37E-09

0,029
0,0061
0,091
0,0079
0,091
0,011

A
82
82
82
B2
B2

3E-09
2E'08
IE-06
IE-07
8E-07
3E-07

9E-05
4E-08
3EOS
2E-07
1E48
8E47

4E-09 1E-04

TOTAL EXPOSURE 2E-04 7E-04

RME • Featoneble maximum expoiijre Ii dillnid aa the uppir bound 99 pircint
confidence Interval ot the arithmetlaiverage

Compiled by: BCM Englneera Ino, (BCM Projtcl No, 00-601202)

AR30I|I,6
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TABLE 5-11

CHRONIC HAZARD INDEX ESTIMATES • NEAR WELLS

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

CDI (mg/kg-day) RfD Haierd Index Pathway Haiard Indm
Chemical Aviragt RME (mg/kg-day) Average RME Avenge RME

Expire l?ailî f̂rig'î pfl.of,<&ri»̂

Acetone 3.60E-04 I.20E-03 0,1 0,004 0,01
Tiuachloroeihene 3.30E-0! 7.60E09 0,01 0,003 0,008
Toluene 1.SOE-09 3JOE49 0,3 0.00001 0,0001
t,1,1.Trlchloroetnane l.iOE-04 S.OOE-04 0,09 0.002 0,009

____ _____0,009 __ 0,03

Acetone 3.60E-04 1.20E-03 0,1 0,004 0,01
TetrMhloroeihene 3.10E-09 7.20E-09 0,01 0.003 0,007
Toluene 1.SOE-05 3.SOE-05 0,3 0.00009 0,0001 [ }
1,1,1-Tllchloroethane 1.40E-04 4,80E-04 0,3 0,0005 0,002 t̂irf'

_____________________________________________0.007 0,02

Ê cDTOrê airwayiiit̂ iJAlJioip̂ ^̂ ^ :'.''':';:':-'::wVs

Aciloni 4.HE-08 1.49E-05 0,1 0,00005 0,0001
TeMloroilhine 1.61E-09 3.97E09 0,01 0,001 0.004
Tolueni 1.87E-06 4.SOE48 0.3 0,0000000 0,00002
1,1,1'Trlchloroethane 3.53E-09 1.21E-04 0,09 0.0004 0.001

0,002 0,005

TOTAL EXPOSURE 0,02 0,08

RME • Rtaionabli minimum expoiure Ii defined ai the upper bound 95 percent
confidence Inlirval of the erlttimitlo average

Compiled by: BCM Englneiri Inc. (BCM Pro|ici No, 00401242)

AR30!lt>7
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TABLE 5-12

CHRONIC HAZARD INDEX ESTIMATES • FAR WELLS

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

CDI (mg/kg-day) RID HiTard Index Pathway Hazard Index
Chemical Avenge RME (mg/kg-day) Average RME Aviragi RME

&p«iu'rePatrrway!..tngi(HlonoiĈ nt«riilnai»d,<3roundv(aier.';r "•'••'-..••• • ; .' ;. :. •;/.: '• ; '-;:: ' . :
"'''Vv.y.Vx̂ "?."?." ".'::::x:!--.";:'.:':S::l/:i ;:;';i:;:'"-'.'.-l:..V''1;' -.'•'•••'• '. .:"•:. v/v̂ ''.:̂ :'::' V'Vrfr1^ '. ' .:. - . ' '." '' '

Acetone
Chloroform
Methylene Chloride
Telrachloroemene
Toluene
U.I-Trlchloroetnane
Xylene

3.60E-04
1JOE-09
7.30E-09
2.SOEOS
1.20E.05
3.10E-05
7.80E-05

8.00E-04
2JOE-09
9.10E-09
4.30E-09
2.00E49
2.30E44
2.30E-04

0,1 0,004
0,01 0,002
0,06 0,001
0,01 0,003
0,3 0,00004
0,09 0,001
2 0.00004

o.ooa
0,003
0,002
0.004
0,00007
0,003
0.0001

0,01 0,02

. • . . >••:' ' " , ; ' : • • • . . • . . . • • , ' . . • • • . . . . . ' . ..'.'..• V '.•.'....''• .••'"...., ; • >' ' ;.•••.' '•',•,•.'•'• "• . • • .'. •' •' ' ' i
.•;'.' / ",1.-"'.'.;. "•.•". ...",.•: .,".: •••:..'.•., • ..' • . . . - • . . ' ; , ; ; •;.•.' • :. • . ' :", • .... I;,..::.-.'..';-':1: .'•..'•:;',. ; • .. ... ..• .',-•.•'••.;

Bp̂ ûr»Paftŵ y!̂ lnhal«1lohofCont«mî lanltl;l̂ |lGroundvvatt̂ Durl̂ g;U

Acetone
Chloroform
Meltiylene Chloride
Telracnioroetnene
Toluene
U.t.Tllchlofoelhane
Xyline

3.42E-04
1.62E-09
S.94E-09
2.38E-09
1.14E-09
7.70E09
7.41E-05

7.60E-04
2.57E-09
8.69E-09
4.09E-09
I.90E-09
2.19E-04
2.19E-04

0,1 0,003
0,01 0,002
0.06 0,001
0.01 0.002
0,3 0,00004
0,3 0,0003
2 0,00004

0,008
0,003
0,001
0,004
0,00006
0.001
0,0001

0,009 0.02

ExpciurePtlhwty. Dirmil'AbJorptloncrtCoflUmtnantjInGrounawJiirOurlngUie;: :;: ; • :. •:

Acttont
Chloroform
Melhylene Chloride
Telricnloroethene
Toluene
l,1,1.Tilohloioeihane
Xylint

4,38E-08
4.09E-06
1.76E-09
1.23E-09
1.42E-06
I.97E-09
1.51E-05

9.74E-06
6.91E-06
2.20E-09
2.08E-05
2.48E-06
5.48E-05
4.47E-05

0,1 0,00004
0,01 0,0004
0,06 0,0003
0,01 0,001
0,3 0,000009
0.09 0,0032
2 0,00001

0,0001
0,0007
0,0004
0,002
0,00001
0,0006
0,00002

0,002 0,004

TOTAL EXPOSURE 0,02 0,04

RME • Reaunibli maximum expoiure la defined 11 the upper bound 99 percent
confidence Intirvi! of the arithmetic average

Compiled by: BCM Engineer! Ino, (BCM Project No, 00-6012-02) A R 3 0 I
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BCM
TABLE 5-13

SUMMARY OF RISK

CHEM-SOLV, INC, REMEDIAL INVESTIGATION
CHESWOLD, DELAWARE

CANCER RISK

Pathway Average

Far wells Ingestlon
Inhalation
Dermal

Total

Near wells Ingestlon
Inhalation
Dermal

RME

Total

IE-04
IE-04
3E-05

2E-04

6E-05
7E-05
1E-05

1E-04

RME

3E-04
3E-04
IE-04

7E-04

2E-04
3E-04
3E-05

SE-04

HAZARD INDEX

Average

0,01
0.009
0,002

0,02

0,009
0,007
0,002

0,02

RME

0,02
0,02
0,004

0,04

0,03
0,02
0,005

0,06

• Reasonable maximum exposure Is defined as the upper bound 95 percent
confidence Interval of the arithmetic average,

Compiled by: BCM Engineers Inc. (BCM Project No, 00-6012-02)

7/10/90
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TABLE 5-1.4
CHEM-SOLV INC. SITE REMEDIAL INVESTIGATION

PRESENCE-ABSENCE MATRIX OP PREDOMINANT PLANT TAXA
WITHIN THE THREE PLANT COMMUNITIES

Community
Common Name scientific Namne I II m

White clover Trifolium repens + + +
Low hop clover Trifolium procumbens t t +
Rabbit-foot clover Trifolium arvense + - -
Cow vetch vicia cracca + t -
Yellow sweet clover Meliotus officinalis t + -
Plantain Plantago sp. + +
Pleabane Erigeron sp. + + +
Aster Aster sp. •(• + +
Ragweed Ambrosia sp. + -t-
Hungarian brome Bromus inermis + - -
Little bluestem Andropogon sp. + + -
Japanese brome Bromus japanicus +• + +
Ironweed Veronica sp. + + +
Dock Rumet sp. + + +
Wild onion Alium cernuum + + +
Mustard Brassica sp. - + +
Rush Juncus sp, +
Wild berry Rubus sp. +
Japanese honeysuckle Lonicera japonica - - +

•f- denotes presence of taxa
- denotes absence of taxa

Compiled by: flCM Engineers Inc. (BCM Project No. 00-6012-02)

AR30II50
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labtl, it it due to tubttandand colon on condition oi tht oniginal pagt.



6,0 CONCLUSIONS AND RECOMMENDATIONS

6,1 CONCLUSIONS

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

- The Inorganic chemicals In the soil and groundwater and the
organic chemicals In the soil are either within the range of
natural background, or are detected Infrequently and at
concentrations so low that their presence as site-
contaminants Is unlikely or not of concern. EPA has agreed
with this conclusion for soils (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,
pi 1 mar 11y 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 have been
limited by the presence of a silt 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 monitoring 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 hydrogeologlc Information Indicate that source(s)
other than the Chem-Solv site are Involved.

- There Is now no environmental risk associated with the
Chem-Solv site. There are no completed exposure pathways due
to the absence of soil contamination and absence of surface
waters on or adjacent to the site. The point of groundwater
discharge Is 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 sol) disturbance during remedial
activities.

6., AR30II5I (j
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6.2 RECOMMENDATIONS

Based on the conclusions presented In this Remedial Investigation, there
Is no environmental risk associated with the Chem-Solv site. However, to
obtain Information needed to reduce uncertainties associated with the
Chem-Solv data base, BCM recommends the following additional work:

- One additional round of groundwater sampling for selected
wells In the shallow aquifer zone (26A, 33A, IIA, MNS-6-25,
MWS-7-25) for volatile and semlvolatlle compounds. This
Information would provide two rounds of analytical data that
had been collected and analyzed In accordance with EPA QA/QC
protocol, and would provide confirmation of the data obtained
by DNREC.

- 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.

•-..v'
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