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Executive Summary

On December 30, 1992, Arthur D. Little, Inc. was assigned Task 0003 under the
Total Environmental Program Support Contract No. DAAA15-91-D-0016 with the
U.S. Army Environmental Center (USAEC). The scope of this task was to perform a
second phase of Remedial Investigation at the Cold Regions Research and
Engineering Labcratory (CRREL) in Hanover, New Hampshire. CRREL’s mission is
to research and develop equipment and procedures for the Department of the Army
for application in areas where extreme cold conditions have significant impacts on
Army operations. CRREL is also involved in Department of Energy projects dealing
with freezing for containerization of hazardous wastes along with other environmental
projects.

The CRREL site is approximately 30 acres in size and contains several locations {
where past spills, disposal practices, and operations have contarninated soil and

ground water. Past investigations have identified and prioritized Areas of Concermn

(AOCs) where contaminant sources may have been located. The purpose of a

remedial investigation is to characterize the nature and extent of contaminants, and '
evaluate the risk posed to human health and the environment by the presence of the
contaminants. This document provides a summary of the Phase I and Phase IT RI data
and draws conclusions as to the nature and extent of the contamination as well as the
risk the contaminants pose to human health and the environment at CRREL.

The report is based on data collected during the field investigations performed ;
between August 1991 and April 1992 by Ecology and Environment, and between |
May 1993 and October 1993 by Arthur D. Little. Field work included geophysical
investigations, soil gas surveys, soil and sediment sampling, bedrock and overburden
monitoring well installation, and sampling of ground water from the production wells,
monitoring wells, and the Ice Well.

Results of the investigation indicate that two primary classes of contaminants,
chlorinated hydrocarbons and petroleum hydrocarbons, are present at the site. They
are present at the source areas as vapors trapped in the pores of the fine grained soils.
Locally the contaminants are adsorbed onto soils. Contaminants are also present in
the ground water moving below the site. The primary contaminant in the ground
water, trichloroethylene (TCE) was found in all wells at the site, both overburden and
bedrock, with the exception of one production well at the southern end of the site.
Fractures in bedrock are infrequent. Some appear to be water bearing and are
oriented toward the northwest and northeast. Petroleum hydrocaibons were detected
primarily in soil samples, with low concentrations identified in samples from the
monitoring wells.
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Evaluation of the health risk posed by the contaminants was performed by identifying
potential scenarios through which on-site workers, children and visitors may come in
contact with the contaminated materials. For all present and foresecable future use
scenarios no risk was identified. No ecological risks or impacts were identified.
Recommendatiors for further actions at the site include evaluation of treatment at
source areas,optimization of the on site production wells to control and treat
contaminated ground water and regular monitoring of selected wells at and near the
site.
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1.0 Introduction

This remedizl investigation (RI) report, which also includes a baseline risk
assessment, was prepared to address conditions at the Cold Regions Research and
Engineering Laboratory (CRREL) located in Hanover, Grafton County, New
Hampshire. It was prepared for the U.S. Army Environmental Center (USAEC),
formerly known as the U.S. Amrmy Toxic and Hazardous Materials Agency
(USATHAMA), to fulfill the requirements of deliverable ELIN A004 under Task
Order 0003 of the Total Environmental Program Support (TEPS) contract
DAAA15-91-D-0016. This RI was developed in accordance with the following
documents:

*  Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (EPA, 1988)

»  Geotechricai Requirements for Drilling, Monitor Wells, Data Acquisition, and
Reportis (USATHAMA, 1987)

e USATHAMA Quality Assurance Program (USATHAMA, 1990)

» The latest U.S. Environmental Protection Agency (EPA) guidance, including
updates from:

- The Superfund Amendments and Reauthorization Act (SARA) of 1986

- The National Contingency Plan, applicable requirements from the National
Environmental Policy Act, Title I and II

- Interim Policy for the Management of Soils Contaminated from
Spills/Releases of Virgin Petroleum Products

- Risk Assessmen: Guidance for Superfund, Volume I, Human Health
Evaluation Manual

- New Hampshire Code of Administrative Rules, ENV-Ws 410, Groundwater
Protection Ru'les (NHDES, February 1993)

This RI report is a synthesis of physical and chemical data collected during two
distinct phases of investigation. Where appropriate or necessary, chemical and
physical data from other sources were used to support conclusions made in this
report. However, the basis for most of the conclusions in this report is data produced
in accordance with USAEC standards.

A'ﬂ‘lr n l“ue 6706361 TEPS rireport.ri_mtd. 001704  1-1
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1.1 Purpose of Report

The purpose of this RI report is to determine if areas of suspected or documented
releases (accidental or intentional) at CRREL present a threat to human health or the
ecology within the area studied for this investigation. This report evaluates the
completeness of the physical/chemical data base by determining the degree to which
the conceptua! site model can explain the distribution of contaminants.

This Phase II RI report contains the results of remedial field investigations conducted
at CRREL. Invasive aspects of the field investigations to support this RI report were
restricted to the confines of the CRREL property; however, the analysis of physical
data and the sampling of selected media also occurred at nearby off-site locations.
These locations included the Connecticut River, a monitoring well network located
immediately across the river from CRRCL in Vermont, and the Town of Hanover,
New Hampshire municipal standby well. Therefore, while this RI report focuses on
the site-specific attributes of CRREL, information from the surrounding area was also
considered.

This study is an addendum to a previcus RI conducted by Ecology and Environment,
Inc., in 1992. The objectives of the Ecology and Environment Phase I RI were to
obtain information regarding overburden, bedrock, and ground water conditions,
assess the nature and extent of contamination in the various Areas of Concern
(AOCs), and prioritize the AOCs. Appendix A includes analytical results from the
previous RI. This report will assess and summarize the results of both RI studies.

1.2 Site Background

1.2.1 Site Description

CRREL is located on 30 acres of land, west of and adjacent to State Highway 10, 1.5
miles north of the Town of Hanover in Grafton County, New Hampshire

(Figure 1-1). The Universal Transverse Mercator (UTM) coordinates for the center of
CRREL are 4,844,545mN by 719,76 1mE. The site is roughly rectangular in shape
and measures approximately 1,360 feet east to west, and 970 feet north to south at its
maximum extent (Figure 1-2). CRREL consists of seven major buildings and other
smaller support structures, including pump houses for five production wells and a
ground water remediation building. A small storm water detention pond (100 feet by
50 feet) is located at the southwest corner of the site.

With the exception of the front lawn and front parking lot areas, CRREL is
surrounded by a chain-link fence equipped with security gates. These gates remain
open during normal working hours, but are secured at night, on weekends, and on
holidays. The security gates utilize a card key system for operation. Student housing
for Dartmouth College is located adjacent to the site on the north and south. Highway

8708381 TEPS rireport.ri_rpt.txt.03/17/94 1-2
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10 forms the eastern boundary of the site, and the Connecticut River is located west
of the CRREL property, separated from the site by a stump dump yard and a
domestic refuse storage area.

1.2.2 Site History

CRREL was established on February 1, 1961 by the U.S. Army Corps of Engineers
to combine the work of two predecessor organizations: the Snow, Ice, and Permafrost
Research Establishment and the Arctic Construction and Frosi Effects Laboratory.
CRREL performs basic and applied research in snow, ice, and frozen ground. CRREL
also provides the U.S. Department of the Army with practical engineering research to
develop equipment and procedures for applications in cold regions.

In 1960, CRREL leased 19.2 acres of land from Dartmouth College for the purpose
of constructing a research facility. Prior to CRREL construction, the land was used
for agricultural purposcs. Gravel was also mined on the western edge of the site.
Construction started in June 1960, and the main laboratory building became fully
operational in late 1963. Several buildings have been added over time. the Facility
Engineerir.g building (1968), the Logistics and Supply Facility (1976), the Main
Laboratory Addition (1977), the Ice Engineering facility (1978), the Frost Effects
Research Facility (19s5), and the Child Care Center (1990). In 1982, 11.02 acres of
additional land were purchased to accommodate the Frost Effects Research Facility
(FERF), which is located along the western border of the original CRREL iract. The
purchase ¢xpanded CRREL to its current size of 30.22 acres.

Recent construction also includes the new Sea Ice Pond, which was completed in the
winter of 1992. The Remote Sensing Facility was completed in July 1993. The
Technical Information Analysis Center was completed in November 1993. The
permanent Ground Water Treatment Plant was completed in February 1994. The
ATCO Building was recently demolished and removed from the property.

1.2.3 Previous nvestigations

Prior to the initiation of this remedial investigation, several investigations related to
suspected trichloroethylene (TCE) contamination at CRREL were conducted by
various state and federal agencies, as well as CRREL personnel. Extensive sampling
of surface water and ground water at CRREL, the Connecticut River, and on the west
side of the river was conducted during most of these studies. In chronological order,
the studies are:

« Response Action to TCE Explosion (July 1970)
« CRREL Site Investigations/Operation Sweetwater (November 1990)

«  Monthly Monitoring of Residential and Municipal Wells in Vermont (December
1990)
» USAEC (formerly USATHAMA) Ground Water Sampling (March 1991)

Al‘ullf D m 6706361 TEPS..rirepont.ri_fmt.1x1.03/17/94 15
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« Ground Water Investigation near Norwich, Vermont (1991)

» New Hampshire Department of Environmental Services (NHDES) Sampling
(June 1991)

» Aerial Photographic Analysis (September 1991)

The significant aspects of each investigation are discussed below.

1.2.3.1 Response Actlon To TCE Explosion. On July 2, 1970, a tank located at
AOC 1 exploded and subsequently released approximately 3,000 gallons of TCE that
eventuaily entered the Connecticut River through CRREL’s storm sewer system. Due
to the amount of TCE released, scientists at CRREL speculated that TCE may have
collected at the bottom of the river as an undissolved phase. On July 7, 1970, an
internal investigation was initiated to determine the topography of the river basin and
to determine the extent of TCE contamination in sediment in the vicinity of the
CRREL storm sewer outfall and downstream locations. TCE was detected in the
sediment, but no free-phase TCE was found within 0.5 miles downstream of the
CRREL outfall.

River water samples were collected from July 14 through 30, 1970, from several
locations. Two rounds of water sampling were performed at the Hanover Bridge,
located 2 miles downstream of the CRREL outfall, and the Wilder Dam, located

4.4 miles downstream. The first round of samples was collected on July 14 and the
second round of samples was collected on July 17. TCE was detected in the samples
collected at the Wilder Dam at coicentrations of 22 pg/L. and 7 pg/L, for the first and
second rounds, for the first aad second rounds, respectively. TCE was detected in the
samples collected at the Hanover Bridge at concentrations of 20 pg/L and 16 pg/L,
respectively. River water was also sampled on July 17 at locations | and 5 miles
upstream of the CRREL outfall. TCE was detected in the sample coilected 1 mile
upstream (7 pg/L), but was not detected in the sample collected 5 miles upstream.

Additional river water samples were collected as far as 30 miles upstream during the
week of July 30. TCE concentrations in these samples ranged between 10 and

20 pg/L. Based on these results, CRREL personnel concluded that upstream sources
of TCE likely exist and therefore, the release of TCE from the July 2 explosion did
not raise the concentration of TCE in the Connecticut River significantly above
background levels (Faran, undated).

1.2.3.2 CRREL Site Investigations/Operation Sweetwater. Ground water samples
were first collected from CRREL on November 15 and 16, 1990. Ground water was
sampled from production wells CECRLO1, CECRLO02, CECRLO3, and CECRL04,
and the Hanover supply well. Analysis for volatile organic compounds (VOCs)
indicated that wells CECRLO1, CECRLO02, and CECRL04 contained elevated levels
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of TCE. No contamination was detected in well CECRLO3 or the Hanover supply
well.

On December 14, 1990, CRREL personnel directed the sampling of 7 residential
wells located across from CRREL on the Vermont side of the Connecticut River.
TCE was detected in the Peacock and Goodrich residential wells. The results of this
investigation prompted CRREL to initiate Operation Sweetwater, which used
CRREL'’s in-house capabilities to test the water supplies of all concemed citizens in
the vicinity of CRREL.

In addition to Operation Sweetwater, CRREL sampled the five productions wells, the
refrigeration reservoir, and the outfall catch basin on a weekly basis from the time
contamination was first detected. These results were submitted to EPA Region I and
the NHDES. In addition, CRREL performed weekly sampling at three stations on the
Connecticut River (the CRREL outfall, 100 feet upstream from the outfall, and 100
feet downstream from the outfall) since the discovery of TCE, and also sampled the
Goodrich and Peacock residential wells while they remained active.

A total of 43 residential wells were sampled in New Hampshire and Vermont. Only
the Peacock and Goodrich wells, located directly across the Connecticut River from
CRREL, contained elevated levels of TCE. Of the three sampling stations on the
Connecticut River, TCE was detected at the outfall and downstream stations

100 percent and 50 percent of the time, respectively. TCE was not detected at the
upstream station.

In addition to environmental sampling, CRREL personnel have published several
reports on the history of TCE use and handling at CRREL (Faran, undated), the
results of CRREL’s site investigation and analysis for TCE (Perry et al., 1991), and
the geology and hydrogeology at CRREL (Gatto and Shoop, 1991).

1.2.3.3 Monthly Monitoring of Residential and Municipai Welis in Vermont.
Beginning on December 21, 1990, the Vermont Department of Health (VDOH)
conducted monthly ground water sampling of 13 residential wells and the Town of
Norwich municipal supply well. These wells are lccated on the west side of the
Connecticut River in the state of Vermont. The VDOH analyzes these samples for
VOCs at its laboratories fc'fowing EPA Method 524.2.

TCE and cis 1,2-dichloroetken. are consistently detected in the Peacock and
Goodrich residential wells, located directly across the river from CRREL. In October
1992, TCE was discovered for the first time in the Britton well. It has been detected
in three oui of five sampling events, at levels at or below 10 ppb. No VOC
contamination has been documented in the other wells. Low levels of trans
1,2-dichloroethene have also been detected in the Goodrich well.

Arthur D Little 3708361TEPS irepoti_pt 0¥ 1784 1-7 .'
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In response to these findings, all three residences have been connected to the Town
of Norwich municipal supply. Samples are no longer collected at these locatioi.s,
however, VDOH is prescntly considering converiing these domestic supply wells to
monitoring wells.

1.2.3.4 USAEC Ground Water Sampling. On March 19, 1991, CRREL personnel
collect=d water samples from the storm sewer outfall, the five production wells
(CECRLO1 to CECRLO0S), the Ice Well (CECRLO€E), and the Peacock and Goodrich
residential wells. The samples were sent to a USAEC-performance demonstrated
laboratory (Arthur D. Little, Inc.) for organic (VOC) and inorganic (metals) analysis.
These data have been assimilated into tables in Section 4.0 of this report.

TCE and tetrachloroethene (PCE) were the most corrmonly occuiring VOCs. TCE
was detected at the CRREL outfal! at a concentration of 236 pg/L. TCE at a
concentration of 360 pg/L was detected from the same sample vsing the GC/CON
analytical method UG0S. TCE was detected in all of the CRREL production wells
except CECRLO3. TCE concentrations in these wells ranged from 5.3 pg/L at
CECRLO04 to 800 pg/L. at CECRLOI. PCE was also detected at well CECRLO2. TCE
and PCE were detected at the Ice Well at concentrations of 36,000 pg/L and

200 pg/L, respectively. PCE was round in the Ice Well at a concentration of

1,700 pg/L by using the GC/CON analytical method UG05. TCE was detected at the
Peacock and Goodrich residential wells at concentrations of 27 pg/L and 17 pg/L,
respectively.

1.2.3.5 Ground Water investigation Near Norwich, Vermont. As a result of the
TCE contamination detected in the Peacock and Goodrich residential wells, the
Vermont Department of Environmental Conservation (VTDEC) retained Wehran
Engineering Corporation of Burlington, Vermont, to conduct a ground water
investigation in the town of Norwich, Vermont. The investigation was initiated in
early 1991, and involved the design of a ground water monitoring network to assess
the hydrology, contaminant distribution, and the vossibility of 'acal sources of TCE
on the west side of the Connecticut River. At the request of VTDEC, a bedrock
aguifer investigation was performed in late Spring 1993 by the Johnson Company,
Inc., at the Peacock, Goodrich, and Britton private bedrock water supply wells.

The Weliran investigation included the installation of five wells screened in the
overburden (1S, 1D, 2, 4, and 5) and one well screened in the top 10 feet of bedrock
(1B). Monitoring wells 1S, 1D, and 1B were installed in the immediate vicinity of
the Goodrich well. Monitoring well 2 was installed 300 feet north of the Goodrich
well. Monitoring well 4 was installed 300 feet south of the Peacock well. Monitoring
well 5 was installed on the Vermont side of the river, approximately 3.2 miles south
of CRREL. The Norwich Fire District well (designated well 6), which is screened in
the same esker sand that underlies CRREL, was also used in the study. On April 23,
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1991, ground water samples were collected from these wells and analy.ed for VOCs
using EPA Method 8240. No VOCs were present above method detection in any of
the overburden or shallow bedrock wells.

The Wehran report concluded that:

* The absence of VOC contamination in the overburden and shallow bedrock wells
near the Peacock and Goodrich wells indicates that the source of contamination
in the decp bedrock is not in the immediate vicinity of these residential wells.

» The TCE in tae Peacock and Goodrich wells does not pose a significant threat to
local town water supplies on the Vermont side of the Connecticut River.

» The ground water flow in the overburden appears to be generally horizontal and
directed east toward the Connecticut River.

« Hydrogeologic data obtained about the overburden indicate that CRREL has not
been shown to be a direct source of contamination in Vermont. However, the
] potential exists for contamination of wells on the Vermont side of the river from
] the historical releases at CRREL if there was a significant vertical downward
movement of chlorinated solvents into bedrock.

» Migration of contaminants, from CRREL, th:rough bedrock is possible, especially
if bedrock fractures are oriented in an east-west direction.

Since the completion of this investigation, ground water sampling of these monitoring
wells has been conducted on a quarterly basis by the Vermont Department of
Environmental Conservation. No contamination has veen detected during this testing
(Young, 1992).

A bedrock aquifer investigation was conducted by the Johnson Company, Inc. to
evaluate bedrock hydrogeologic conditions. The investigation included evaluation of
ground water flow in the bedrock aquifer; determination of potential sources of TCE
contamination found in the three wells (Goodrich, Peacock, and Britton), and
identification of other water supply wells at risk of contamination.

A 72-hour pumping test was performed at the Goodrich well to determine if the three
contaminated wells are in hydraulic communication one another. Other investigative
methods used in this study included geophysical logging, mapping bedrock aquifer
hydraulic heads, and mapping fracture traces.
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The Johnson Company report (1992) concluded that:

» Two separate ground water regimes in the bedrock aquifer were identified and
the Connecticut River is most likely a principal hydraulic control for the bedrock
aquifer in Norwich.

« No definitive source or migration pathways could be determined for TCE
contamination as a result of this investigation. It was speculated that the
Connecticut River and river bottom sediments and/or CRREL could be the
potential source or sources.

« The Goodrich, Peacock, and Britton wells are hydraulically corrected, and the
Connecticut River is the principle hydraulic control for the bedrock aquifer.

» Ten wells in the valley aquifer bedrock regime, including the Goodrich, Peacock,
and Britton wells, were identified to be at some risk from TCE contamination.
Wells identified as being at risk also included the Pinello well to the north of the
Peacock well, and the Lewis, Sacks, and Jumes Forcier wells south of the
Goodrich well.

1.2.3.6 New Hampshire Dep:::tment of Environmental Services Sampling. As a
result of the TCE contamination identified at CRREL, NHDES conducted water
sampling at five locations at and near CRREL on June 4, 1991. The NHDES
iaboratories analyzed these samples for VOCs, using EPA Method 624. The analyses
yielded the following results:

Refrigeration Reservoir (near Ice Well) 1,700
QOutfall Catch Basin (near exterior test pond) 510
Connecticut River (50 feet upstream of outfa}!l) Non-Detect
Connecticut River (at outfall) 1 98
£onnccticut River (50 feet downstream of outfall) 6.8

Since the time that these samples were collected, CRREL has redesigned its industrial

water supply and storm water discharge system to the Connecticut River by

constructing a ground water treatment system to remove VOCs. This system treats %

the water from CRREL production wells CECRLO1, CECRL02, CECRL04, and :
CECRLOS by first pumping the water through a sand filtration system to remove 3
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metals and then distributing the water through two air strippers so that VOCs can be
removed. The air effluent is treated through exposure to a carbon filtration unit. Once
the water has been treated, it is contained in a reservoir until it is needed by the
facility for the refrigeration system. After passing through the system, it is discharged
to the Connecticut River.

1.2.3.7 Aerial Photographic Analysis. In September 1991, the Environmental
Photographic Interpretation Center (EPIC) conducted an imagery analysis of CRREL
through an interagency agreement between EPA and USAEC. The objective of the
study was to interpret aerial photographs of the region taken between the years 1942
and 1982. The analysis focused on activities and features within CRREL that may
have resulted in ground water contamination, but also covered the area within a
2-mile radius of CRREL.

Several major features were identified from the photographic analysis:

e An auto junkyard located approximately 1.7 miles northwest of CRREL. This site
was first identified in 1955.

» Three quarries first identified on 1942 and 1956 photographs.

¢ A probable disposal area, first identified in 1970, located approximately 1.5 miles
downstream of CRREL on the west side of the Connecticut River.

« An open storage area, first identified in 1956 photographs, located on the current
property of the Goodrich residence.

1.3 Report Organization

This report conforms to the suggested presentation format specified for RI reports in
Guidance for Consulting Remedia! Investigations and Feasibility Studies under EPA
(1988). Section 1.0 describes the purpose of the RI report and the general site
background. Section 2.0 defines the scope of the study area investigation. The first
subsection (2.1) identifies specific AOCs defined prior to this investigation. The
remaining subsections (2.2 through 2.6.4.1.2) describe the investigative methods used
to study the physical and chemical features at each AOC. Section 3.0 presents the
results of the physical characterization of CRREL and vicinity, based on literature
search and/or the field investigation. This section emphasizes the development of a
conceptual model to explain the distribution of site-related contaminants. Section 4.0
presents the nature and extent of chemical contamination of potentially affected soil,
sediment, surface water, and ground water within the limits of the study area. Section
5.0 describes the contaminant fate and transport for chemicals detected at CRREL

- and vicinity within the framework of the conceptual model developed in Section 3.0.
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Section 6.0 includes the results of a human health risk assessment and an ecological
impact assessment. Section 7.0 presents a summary of Sections 4.0 to 6.0, and
conclusions regarding the completeness of the chemical and physical data for
determining remedial altematives, and potential remedial alternatives, if warranted by
the risk assessment. Section 8.0 contains references for the report.

v
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that contained either TCE, No. 2 fuel oil, or gasoline. The characteristics of each
UST are briefly summarized in Table 2-2. Other AOCs at CRREL include storage
areas, ponds, disposal areas, and a test structure known as the Ice Well. This section
provides a brief description of each AOC.

2.1.1 AOC 1: Former TCE Storage Area

AOC 1 is located adjacent to the northwest comner of the Laboratory Building. It
currently contains two aboveground storage tanks (ASTs): a 15,000-gallon tank
installed in 1989 containing fuet oil and a 10,000-gallon tank installed in 1970
containing glycol and water. AOC 1 formerly contained an aboveground
10,000-gallon TCE tank, which exploded on July 2, 1970. The explosion resulted in
the release of approximately 3,000 gallons of TCE to the pavement and nearby
unpaved area to the west of AOC 1.

2.1.2 AOC 2: Former TCE and Fuel Oll UST Area

AOQOC 2 is located along the northern side of the Laboratory Building. The site
formerly contained two USTs: a 10,000-gallon tank containing TCE and a
12,000-gallon tank containing fuel oil. The TCE tank was removed in 1972 and
replaced by a 10,000-gallon fuel oil tank. The 10,000-gallon and 12,000-gallon fuel
oil tanks were removed in 1989. A TCE odor was noticed during both the 1972 and
- 1989 excavations.

2.1.3 AOC 3: Facllity Engineering’s Former Fuel Oll UST Area

AOC 3 is located adjacent to the east side of the Facility Engineering Building. It
formerly contained a fuel oil tank that was installed in 1968 and removed in 1989
after it failed two tightness tests. Upon removal, minor surface corrosion and a small
hole were noted.

2.1.4 AOC 4: Facllity Engineering’s Current Fuel Oil UST Area

AOC 4 is located between the Facility Engineering Building and the temporary TCE
Treatment Facility. It contains an active 6,000-gallon fuel oil UST that was installed
in 1989. There have been no known releases from this tank. A 3,000-gallon fuel oil

UST, which was installed in 1975 and removed in 1989, was also located at AOC 4.
There were no known releases from this tank.

2.1.5 AOC 5: Diesel Fuel and Gasoilne ASTs

AQC 5 is located on the northwest side of the Facility Engineering Building. This is
the location of two 500-gallon ASTs containing diesel fuel and gasoline. There were
no known releases from these tanks. This AOC is located within the footprint of the
recently constructed Remote Sensing Facility.
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2.1.6 AOC 6: Former Gasoline UST Area

AOC 6 is located approximately 50 feet west of the Remote Sensing Facility. It was
the location of two former USTs, each with a 2,000-gallon capacity and used for the
storage of gasoline. These tanks failed tightness tests and were removed in 1989.
Failure of the tightness tests was attributed to the piping system.

2.1.7 AOC 7: Fuel OIl UST

AOC 7 is located midway between the western side of the Ice Engineering Facility
and the Logistics and Supply Facility. It is the site of an operational 2,000-gallon fuel
oil UST that was installed in 1974. This tank was certified as tight during testing on
January 24, 1989. However, a leakage rate of 0.05 gallons per hour was attributed to
piping. The tests indicate a leakage rate of 0.0018 gallons per hour from the tank
itself.

2.1.8 AOC 8: Waste Oll AST |
AOC 8 is located approximately 25 feet west of AOC 7. It is the site of an 1
operational 500-gallon waste 0il AST installed in 1990. There were no known ’
releases from this tank.

2.1.9 AOC 9: Ice Well

AOC 9 is the location of the Ice Well (CECRL06), a cased boring fitted with a
refrigeration coil for freezing water in the boring. It is 3 feet in diameter and
approximately 200 feet deep. The Ice Well was formerly used for testing ice drilling
technologies and was not constructed or used for injection or withdrawal of fluids
from the ground. TCE was used in refrigeration lines and drilling fluid mixtures. This
area may also contain TCE-contaminated soils resulting from the 1970 explosion of
the former TCE tank in AOC 1. The refrigeration system for the Ice Well is no
longer in operation, however, liquids and ice still exist within this well. AOC 9 is
approximately 100 feet west of AOC 1.

(.

2.1.10 AOC 10: Former Open Siorage Area

AOC 10 is located at the current location of production well CECRLO2. It is the
former site of a open storage area that was used for the storage of containerized
wastes, including TCE, from 1965 to 1974.

2.1.11 AOC 11: Concrete Storage Pad Area
AOC 11 is located at the northern boundary of CRREL on the lower terrace. The

concrete storage pad was built in 1974, and used for the storage of containerized
waste, including TCE.
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2.1.12 AOC 12: Exterior Test Pond Area

AOC 12 is located immediately north of the northwest border of the site. The exterior
test pond was used for sea ice experimentation. The pond is fed by water from the
CRREL storm sewer system. There were no known releases from experimental
activities at this location.

2.1.13 AOC 13: Former Gravel Pad

AOC 13 is located between the Logistics and Supply Facility and the Storage
Building. This was the location of a former gravel pad used for the disposal of spent
TCE. The site is currently covered by a parking lot and road. A portion of the
Logistics and Supply Facility footprint covers the site.

2.1.14 AOC 14: Main Laboratory Machine Room
AOC 14 is located within the Main Laboratory Building. TCE spills have been noted
in this area.

2.1.15 AOC 15: Former Greenhouse Fuel Oli UST Area

AOC 15 is located adjacent to the west side of the Greenhouse Building. It was the
location of a former 2,000-gallon fuel oil UST. The tank was installed in 1973 and
removed in 1986 after leakage was observed. A total of seven barrels of leaked fuel
oil were recovered during the excavation in 1986.

2.1.16 AOC 16: Former Open Storage Area

AOC 16 is located approximately 70 feet north of AOC 10. Like AOC 10, the site
was used for the storage of containerized wastes, including TCE, until 1974. Visual
observations of leakage were reported in this area. The site was covered with fill
during the construction of the Frost Effects Research Facility (FERF).

2.2 Geologic Investigation

Geologic investigations of CRREL were performed to characterize subsurface
physical features that are ultimately useful in developing a conceptual site model and
interpreting chemical fate and transport (Section 5.0). Four categories of geologic
investigations were conducted at various AOCs at CRREL:

»  Surface Geophysical Surveys are a non-intrusive means to define selected
subsurface characteristics such as buried stream channels and pronounced
lithologic contacts.

* Borehole Geophysical Surveys were conducted to identify water-bearing fractures
at four bedrock boreholes using a variety of tests that measure the physical
properties of the bedrock and ground water in the borehole. i

vl
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e Oriented Bedrock Coring was performed at five bedrock boreholes to document
the orientation of geologic structures and water-bearing fractures in the bedrock.

«  Overburden Geologic Logging was conducted at all borekoles for the purpose of
defining the stratigraphy both within and between AOCs.

2.2.1 Surface Geophysical Surveys

Surface geophysical surveys were conducted at selected areas of CRREL to define
various subsurface features (Figure 2-2). Total Earth Field Magnetometry,
Electromagnetic Ground Conductivity, and Ground Penetrating Radar (GPR) were
conducted to help define certain shallow subsurface features up te a depth of
approximately 20 feet. Seismic surveying also was conducted to define deeper
geologic features, such as the bedrock surface. Surface geophysical surveys were
conducted by Ecology and Environment, from August 26 through 28, 1991, during
the Phase I field investigation and by Hager-Richter Geoscience, Inc., on June 9 and
10, 1993, under the direction of Arthur D. Little, during the Phase II field
investigation. This report is included as Appendix C

Total Earth Fleid Magnetics

Total Carth Field Magnetic data were colle.ted on variable sized grids at five sites at
CRREL (Figure 2-2). Five grids (Nos. 1 to 5) were made by Ecology and
Environment. Grids 1 to 4 were located in the vicinity of the Ice Well (AQC 9) and
the Former TCE and Fuel Oil UST Area (AOC 2), but also included parts of AOCs
1, 3, and 4. Grid 5 was located over both Former Open Storage Areas (AOCs 10
and 16).

| S

Total Earih Field Magnetic data were coilectea with an EG&G Geometrics G-856
proton magnetometer. This instrument measures the intensity of the earth’s magnetic
field approximately 9 feet above the terrain at each collection point. Subtle variations
in this field may be caused by the natural distribution of iron oxides within the soil
and rock. More significant changes in the magnetic field intensity are caused by the
presence of buried objects composed of steel, iron, and other ferrous alloys. The
response of the magnetometer is a function of the object’s depth and mass.

All magnetic data were stored directly in the memory of the G-856 magnetometer. At
each location, the G-856 stored the magnetic field strength, time, station number, and
survey line number. The data were downloaded to an IBM compatible computer
using the software package MAGPAC, Version 4.1.5 by EG&E Geometrics.
MAGPAC corrects field data for diurnal drift and then converts th.se data to a form
suitable for contouring. The corrected data were then plotted an< contoured using the
software package SURFER, Version 4.10 by Golden Software, Inc.
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Electromagnetic Ground Conductivity

Electromagnetic Ground Conductivity data were collected at six sites at CRREL. All
data were collected on variable sized grids (Figure 2-2). Five grids (Nos. 1 to 5) were
made by Ecology and Environment. Grids 1 to 4 were located in the vicinity of the
Ice Well (AOC 9) and the Former TCE and Fuel Oil UST Area (AOC 2), but also
included parts of AOCs 1, 3, and 4. Grid 5 was located over both Former Open
Storage Areas (AOCs 10 and 16). One grid made by Hager-Richter Geoscience was
located at the Former Greenhouse Fuel Oil UST Area (AOC 15).

The Electromagnetic Ground Conductivity investigations were performed using a
Geonics EM31-DL terrain conductivity meter equipped with an Omni Data Logger
Model 516GE-64-A (Ecology and Environment survey only). The EM31-DL has coils
mounted with a fixed separation of 12 feet in a rigid boorn. In normal operation, it is
used with a vertical dipole, and the nominal depth sampled by the EM31-DL is about
18 feet. In the horizontal dipole mode, the nominal depth sampled is about 9 feet;
however, in this position, the instrument is more sensitive to shallow features. Two
components of the induced magnetic field measured by the EM31-DL are the
quadrature-phase and in-phase components. The quadrature-phase component is a
measure of the average terrain conductivity. The in-phase component is a sensitive
indicator of the presence of conductive metal objects.

For grids 1 to S, measurements were made at 10-foot intervals in the vertical and
horizontal dipole positions. For the grid at AOC 15, quadrature phase and in-phase
data were collected at 5-foot intervals. These data were then downloaded into an IBM
compatible computer using the software package DAT31, Version 2.03, by Geonics,
Ltd. DAT31 converts the field data into a suitable form for contouring. These
adjusted data were then plotted and contoured using SURFER Version 4.10 software
by Golden Software, Inc. Ground conductivity maps were generated for both the
vertical and horizontal dipole modes.

Ground Penetrating Radar

GPR data were collected within a 320 foot by 120 foot grid located on the main
access road on the lower terrace of CRREL (Figure 2-2). This area was once the site
of an intermittent stream tnat was filled during construction on the lower terrace. The
grid included all of AOC 15, and areas to the south where a soil gas survey (Section
2.4.3) was conducted. Fourteen parallel GPR traverses, generally spaced about 25 feet
apart, comprise the grid. The total length of the survey was about 1,000 feet.

The GPR survey was conducted with a Model SIR-3:VDU-38 ground penetrating
radar system. The system consists of an electronics unit, power supply, graphics
recorder, color video display unit, and a transmitting/receiving antenna. The
transmitting/receiving antenna is housed in a box that is moved across the surface.
The antenna transmits high frequency electromagnetic signals to the subsurface and
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then detects, amplifies, and displays reflections of the signals in real time on a
graphic recorder and a color video display unit. The data are also recorded on a tape
recorder for post acquisition processing and interpretation. In general, the soil
conditions were suitable for GPR penetration in excess of 10 feet.

Seismic Refraction

In the northwest comer of the site, seismic refraction was used to determine the depth
of bedrock under the esker that passes beneath the AOC. Seismic refraction surveys
were conducted along three transects, each 230 feet long (Figure 2-2). One seismic
line (No. 1) was adjacent and parallel to the northern boundary of AOC 11, although
it was off of the CRREL property. Two lines were oriented in a northerly direction,
one subparallel to the western boundary of AOC 11 (No. 2) and one parallel to the
western boundary of the site (No. 3).

Hager-Richter Geoscience used a 48-channel Bison Model 9048 Digital Instantaneous
Floating Point Stacking Seismograph to conduct the survey. The Model 9048 is a
microprocessor-controlled instrument that records data digitally and on paper
seismographs. The seismograph was coupled to two 24-clement seismic cables for a
total of 48 geophones. The seismic source was a Bison EWG, a hydraulically
operated accelerated weight drop. Five shot points were used for each 48-geophone
spread. Shot points were located at the first, twelfth, and twenty-fourth (middle)
geophones. Offset shots of up to 460 feet were made from the ends of the seismic
lines. Elevations of the seismic lines and offset shotpoints were estimated from a
topographic plan provided by CRREL.

-

The seismic data were analyzed using the Generalized Reciprocal Method (GRM) of
seismic refraction interpretation. The GRM software used for data analysis was
GREMIX by Interpex. The results are used to construct a velocity profile of the
subsurface. Seismic velocities, which are a function of geologic material, are
expressed in feet per second (fps).

2.2.2 Borehole Geophysical Survey

Borehole geophysical surveys were conducted from July 28 through July 30, 1993, at
the bedrock boreholes on the CRREL site. The survey was conducted by Colog, Inc.,
of Golden, Colorado, under the supervision of an Arthur D. Little geologist. The
objective of these surveys was to determine the physical properties of the bedrock,
primarily the location, frequency, and size of water-bearing fractures. This
information would assist in determining the most effective screened interval for the
construction of the bedrock wells. Field copies of all geophysical logging runs were
obtained for immediate use in determ.ning fracture zone locations. The report
produced for this investigation is included as Appendix D.
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Wells CECRL13, CECRL14, CECRL1S, and CECRL18 were geophysically logged.
Well CECRL16 was inaccessible due to drilling difficulties. The equipment used in

the survey consisted of an Acoustic Televiewer (ATV) logger, a fluid resistivity and
temperature probe, a formation resistivity probe, a caliper tool, and a natural gamma

probe.

The ATV logger is an instrument that utilizes an acoustic wave transmitter and
receiver, located together on a rotating sonde. As the sonde rotates and moves up the
borehole, the acoustic signal is propagated through the borchole fluid and is reflected
off the borechole wall. The attenuation of the acoustic signal is recorded and plotted,
and then used to determine the compeiency of the rock. This transmitter/receiver is
comprised of a transducer with a quartz crystal and is supported in its movement in
the borechole by two centralizers, located on the upper and lower ends of the rod in
which the electronic equipment is held. The results of the ATV logger are transmitted
to a magnetic tape recording device and a printer, and yield visual evidence of
fracture zones. Magnetic recorded data are used to perform advanced processing.

The fluid resisiivity probe consists of a resistivity and temperature sensor mounted in
a protective cage that measures the resistivity and temperature of the water in which
it is immersed. As the probe is slowly lowered into the borehole, data are obtained
and relayed to a digital recorder and graph printer.

The formation resistivity probe measures the electrical resistance of the adjacent
borehole by employing a current transmitter and receiver. The transmitter and
receiver are removed in distance from each other, thereby forcing the current to travel
in a closed circle circuit through the formation. Three different transmitter/receiver
spacings were used, however, only two are presented in the logs. The resistivity data
are simultaneously recorded onto a digital recorder and graph logs and can assist in
determining formation rock type and water content. It is normal procedure to employ
a spontaneous potential (SP) log in conjunction with formation resistivity logs;
however, due to influence from the 6-inch steel casing, its use was discontinued.

The caliper is composed of three steel arms connected to a lowering rod. These three
arms :u¢ located on the bottom of the rod and are separated from each other by 120

degrees. As the caliper is raised up the borehole, the arms are in direct contact with

the bedrock formation and thus physically graph the irregularities detected. The data

are transferred electronically to a digital recorder and a printing device.

The natural gamma logger measures the naturally occurring gamma radiation in the

borehole. It responds primarily to gamma rays from potassium (K*%), however, in

igneous and metamorphic rocks there may be significant contributions from trace

amounts of naturally occurring uranium and thorium. The tool consists of a detector :
tube, a pulse amplifier, a timer, and voltage regulator. This instrument measures |
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gamma ray intensity in couants per second As the logger is being raised from the
bottom of the borehole, data are collected and transmitted to a digital recorder and

graph printer.

Each well had the same borehole corstruction parameters. Extending from ground
surface to 3 feet into bedrock, a 6-inch steel casing surrounded the 4-inch PVC riser
pipe, with grout filling the void space. At this point, the 4-inch PVC pipe was
surrounded only by bedrock, with the open borehole filled by a bentcnite slurry seal
located from 3 1o § feet into bedrock and a Grade II sand pack extending tc the
bottom of the borehole. Detailed well construction diagrams can be found in
Appendix E.

The following is a description of the general procedures for the logging of boreholes
at CRREL:

« The bedrock wells were drilled and washed out with an Acker AD2 rig to ensure
the removal of any detritus that may affect geophysical logging.

» The geophysical van was set up over the bedrock borehole. The water level was .
measured and PID readings taken in accordance with ADL SOP USA-4012. I

e All instruments were calibrated.

» The borehole geophysics instruments were implemented in the following order:
fluid resistivity and temperature probe, formation resistivity probe, caliper logger,
gamma logger, and ATV logger. Each instrument was zeroed, insulated, and

' secured, and then lowered into the borehole. Ths respective parameters were

logged while the instrument was raised to ground surface with the exception of

the fluid resistivity and temperature probe which recorded data as it was being

5 lowered into the borehole. The data were transferred electronically to an on-site
data logger and graph printer. This procedure was repeated if the obtained data
were incomplete or unclear. All instruments were decontaminated with a hand
held sprayer immediately after removal from the borehole.

After preliminary surveys of CECRL13, CECRL14, CECRL1S, and CECRL!S, it was
determined that silt influx to wells CECRL14, CECRL 15, and CECRL18 reduced
the quality of the data. Silting of the wells resulted in the inability to lower the
probes and loggers to the bottom of the boreholes, and thus the surveys did not yield
complete information concerning fracture zones. Therefore, it was decided that the
silted wells would be reamed and washed through mud rotary procedures. After ,
borehole cleaning was completed, the geophysicists and geologists returned to the site ' !
and performed a second survey on the borehole, following the methodology outlined E
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above. However due to time constraints, only the caliper and the ATV logger were
used, as these instruments yielded the data most vital to the investigation.

For quality assurance checks of the instruments, repeat runs were completed at
CECRL18 and CECRLI1S for the ATV logger, caliper, formation resistivity probe,
and the gamma logger.

2.2.3 Oriented Bedrock Coring

Oriented bedrock coring was performed prior to the construction of bedrock
monitoring wells at CECRL13, CECRL14, CECRL15, CECRL16, and CECRL18.
The coring was performed by Environmental Drilling, Inc., using the equipment and
technical supervision of Christensen-Boyles Brothers, Inc. The coring was initiated on
July 14 and was completed on July 23, 1993. At each borehole 25 feet of bedrock
was - red. This was a sufficient depth to yield water-bearing fractures in the lower
10 t¢ t of the borehole, while still providing adequate space to properly construct
wells.

Oriented bedrock coring implements many of the same coring techniques used to
obtain standard bedrock cores; however, an oriented core allows the hydrogeologist to
define the fracture zones from which preferential migration pathways of ground water
(and contaminants) can be interpreted. The coring performed at CRREL consisted of
two primary steps. The first step was to core and describe the bedrock. The second
step, which was performed after all of the cores were obtained, was to orient selected
intervals of core (i.e., those that contained potential water-bearing fractures) with a
goniometer.

Bedrock was cored using an NX coring bit, which produced cores approximately

2 inches in diameter and a 2.75-inch diameter borehole. The core barrel, which was
15.63 feet long, was capable of retrieving 5 feet of bedrock per run within the inner
core barrel sleeve. The inner sleeve contained a mechanism for physically scribing
three lines in the bedrock during the coring process. One of these lines, known as the
master scribe line, was oriented with respect to a compass-camera assembly located
in the upper 5 feet of the inner core barrel sleeve. During coring the orientation of
the master scribe line was automatically recorded by photographing the compass at
specific intervals. The following is a description of the step-by-step methodology for
obtaining and describing one run (typically 5 feet) of oriented bedrock core:

* The technician prepared the compass-camera assembly for insertion into the core
barrel. During this step, a timer on the camera was set to automatically
photograph the compass at two minute intervals. The compass-camera assembly
was prepared in a dark area, typically under a blanket in a vehicle near the rig.
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» The compass-camera assembly was set into the upper part of the inner core barrel
sleeve and the entire inner sleecve was lowered through the coring rods until it
locked into position at the base of the core barrel. The coring technician started a
stopwatch when a core run began so that he could track exactly when
photographing occurred. Although photographs of the compass were
automatically taken every two minutes, vibrations caused by the spinning of the
core barrel produced blurred photographs. Therefore, coring was stopped at three
predetermined intervals within the run so that clear photographs of the compass
couid be made. Typically these intervals were at 0.5, 2.5, and 5.0 feet. An
unavoidable feature of compass-driven oriented coring was that accurate data
could not be collected for the upper 10 feet at any borehole because the 6-inch
prcective steel casing distorted the compass readings. Since the compass was set
approximately 10 feet into the core barrel, 10 feet of bedrock was cored before
the compass was beyond the influence of the steel casing.

» During the run, the geologist recorded the penetration rate in minutes/0.5 feet or
minutes/1.0 feet, the pulldown pressure (psi), and any other information that may
have reflected bedrock characteristics.

s At the completion of a run, the inner sleeve was removed along with the rock :
core and the film. In accordance with USAEC Geotechnical Requirements, the
rock core was immediately placed into a core box so that the top of the run was
at the left end of the box. Tt e first run at each borehole was placed at the back
(closest to hinges) of the box, with deeper runs progressively closer to the front
of the box. A schematic diagram showing the layout of the runs in the core box
was drawn on the inside lid of each box. Other information recorded on the
outside and inside of the core box included the borehole (well) number, sampling
date, contractor name (ADL), the specific runs in the box (e.g., runs 1 to 3), run
intervals, and core box number (e.g., box 1 of 2).

Logging of the bedrock was performed on wetted samples in accordance with the
USAEC specifications. Logging included the written description and photographic
recording of each core run. The description of each run can be found in Appendix F.
Particular attention was paid to the location and distribution of water-bearing
fractures. The procedure for identifying water-bearing fractures, as opposed to
annealed or mechanical fractures, was to document evidence of unusual amounts of
weathering and/or the presence of rust to orange colored iron-precipitate staining.
Annealed fractures, although not generally water-bearing, are those fractures that have
been sealed by the precipitation of secondary minerals, typically quartz and calcite.
Rock Quality Designation (RQD) values were calculated for each run, based on
annealed and water-bearing fractures.
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After the completion of all bedrock logging, all of the suspected water-bearing
fractures (except those in the upper 10 feet of the borehole) from each of the
boreholes were oriented with a core goniometer. A brief description of the fracture
orientation method and the core orientation data sheets are presented in Appendix F.

As a measure of quality control on the orientation data, the orientation of the
dominant foliation was measured on the core from each run where water-bearing
fractures were present. Based on local geologic mapping the dominant foliation is
northeasterly and dips to the west. For an oriented water-bearing fracture to be
accepted as accurate, the measured direction of the dominant foliation must have
fallen in this range.

2.2.4 Overburden Geologic Logging

Overburden geologic logging was conducted as part of the subsurface soil
investigation (Section 2.4.2) and monitoring well installation program (Section 2.5.1).
All geologic logging was performed in accordance with the procedures described in
Geotechnical Requirements for Drilling, Monitor Wells, Data Acquisition, and
Reports (USATHAMA 1987) and Arthur D. Little SOPs USA-4002, Standard
Penetration Tests and Split Spoon Sampling, and USA-4001, Exploraiory Boring
Procedures.

Geologic data were recorded in the field on soil boring logs. These logs are provided
in Appendix G.

The procedure for sample collection and logging was as follows:

+ A 2-inch diameter by 2-foot long split spoon was advanced 2 feet in front of the
augers by repeated blows with a 140-pound hammer dropped 30 inches.

«  When the split spoon was recovered from the borchole, the geologist measured
the amount of sample recovery (in tenths of feet) and screened the sample for
total volatile organic compounds with a Microtip Photoionization Detector (PID).

« The geologic description of the soil included the following elements: color, grain
size distribution, sorting, moisture, compaction, and general stratigraphic features.
The color of the soil was compared to standardized colors on the Munsell color
chart. An estimate of the grain size distribution (e.g., fine to coarse), and sorting
(e.g., poorly to well) was provided for the sand component of the sample. For the
sand, silt, and clay components, volumetric percentages were estimated for the
primary and secondary soil components (e.g., 20 percent coarse sand, 80 percent
medium sand). The relative moisture content for all geologic material was
divided into three categories: wet, moist, and dry. Wet sand contained free water
in pore spaces, while wet silt and clay yielded beads of water when lightly
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tapped. Moist sand contained wet grains, but no interstitial water, while moist silt
and clay yielded water only when compressed. The degree of compaction was
estimated from the results of the standard penetration test for the sample interval.
General stratigraphic features included descriptions of bedding, geologic contacts,
and staining.

» The geologic classification of the soil was performed in accordance with the
Unified Soil Classification System (USCS).

»  Geologic samples from each interval were placed in one-half pint clear glass jars.
Each jar cont=ined the following information: boring designation, sample interval,
date sampled, and the contractor’s name. The samples were delivered to the
CRREL Environmental Engineer for on-site storage.

» A total of 30 geologic samples were collected with a Shelby tube from CECRLO?
through CECRL12, CECRL17, CECRL19, 28BS, 2SB6, 9SB2, 135B3, 13SB4,
and 15SB2 for geotechnical analysis of particle size distribution and Atterberg
limits.

CECRL19. This logging occurred prior to the construction of the overburden wells in
order to aid in the determination of stratigraphic cross sections and bedrock

topography. |

In addition, the stratigraphy to top of bedrock was logged for CECRL17 and r ‘

2.3 Sediment and Surface Water Investigation ‘

Sediment and surface water samples were collected from the Connecticut River to
determine sediment and surface water conditions in the vicinity of the CRREL
outfall. Figure 2-3 shows the location of the sediment and surface water samples.
Three rounds of sediment samples and two rounds of surface water samples were
collected.

The first round of sediment sampling was conducted by Ecology and Environment on

April 9, 1992. The second and third rounds were conducted by Arthur D. Little on

June 24 and October 22, 1993, respectively. The first round consisted of three

locations -- 100 feet upstream of the CRREL outfall (CONNSED1), at the CRREL

outfall (CONNSED?2), and 100 feet downstream of the CRREL outfall (CONNSED?3).

For the second round, 12 sediment sampling locations (CONNSED4 to

CONNSED15) were selected. These samples encompassed an area that extended

approximately 200 feet across the Connecticut River from the CRREL outfall to

approximately 400 feet downstream of the CRREL outfall (see Figure 2-3). The thick ?
gravel bed at the bottom of the river prevented sediment sampling at locations
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CONNSED7 to CONNSED9 and CONNSED14. The third round consisted of
re-sampling sediment at seven locations where sediment was successfully sampled
during the second round (e.g., CONNSED4 to CONNSED6 and CONNSED10 to
CONNSEDI13). Sediment from CONNSEDI15 could not be collected during the third
round because of a gravelly substrate.

The first round of surface water sampling was conducted by Ecology and
Environment on April 9, 1992, in conjunction with the sediment sampling. The
samples were collected from three locations -- 100 feet upstream of the outfall
(CONNSW1), at the CRREL outfall (CONNSW2), and 100 feet downstream of the
outfall (CONNSW3). The second rcund of sampling was performed by Arthur D.
Little on June 24, 1993, during the second round of sediment sampling. This
sampling round consisted of collecting three samples (CONNSW4, CONNSWS3, and
CONNSWS&6) from the surface water locations chosen in round one.

Sediment and surface water samples were collected at two locations in CRREL pond
by Arthur D. Little on October 1, 1993. Figure 2-4 illustrates the sampling locations.
Samples PONDSEDO1 and PONDSWO(1 were located at the southeast end of the
pond, near production well CECRL03. Samples PONDSEDO2 and PONDSWO02 were
I located at the northwest end of the pond.

Sampling points in the Connecticut River for rounds two and three were located by
Hydro Data, Inc., of Chester, Connecticut. Sampling locations were approached from
the downstream direction to minimize turbidity within the water column. Downstream
locations were sampled before upstream locations. Where the water was greater than
4 feet deep, sediment samples were collected from a boat using a Ponar sampler.
Where the water was less than 4 feet deep, hand augers were used to penetrate the
gravelly sediment. A hand auger was used for sediment sampling in CRREL pond.
All sediment samples were retrieved from the upper 1 foot of sediment. Surface
water samples were collected from the upper 6 inches of the water column by direct
submergence of jars into the water. Field measurements of pH, conductivity, and
temperature were made using a Horiba U-10 meter at each location where surface
water was sampled.

During the first round, sediment and surface water samples were analyzed for Target

Compound List (TCL) organics and Total Petroleum Hydrocarbons (TPH). For

rounds two and three, sediment samples were analyzed for VOCs, and surface water

samples were analyzed for VOCs, benzene, toluene, ethylbenzene, and xylene

(BTEX), and TPH. Sediment and surface water samples from CRREL pond were

analyzed for VOCs, BTEX, and TPH. All sampling equipment was decontaminated
;e according to the procedures described in Section 2.8.
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2.4 Soll investigation

Soil investigations consisted of three main components: the surface soil investigation,
the subsurface investigation, and the soil gas investigation. The surface soil
investigation was implemented to provide exposure point data for a human health risk
assessment (Section 6.0). The subsurface investigation was implemented to determine
the lateral and vertical distribation of contaminants at specific AOCs. The subsurface
investigation also provided information regarding the geology and hydrogeology of
the overburden. The soil gas investigations were designed to assist in determining the
location of the soil borings and overburden monitoring wells throughout the site. The
soil gas investigation in Phase II was focused at AOC 15.

2.4.1 Suriace Sol! investigation
The surface soil investigation was performed at 37 locations (SSSO1 to SSS37)
between August 2 and August 4, 1993, with re-sampling of SSS37 on August 13 and
August 20, 1993. Surface soil samples were collected throughout the site with focus
on specific AOCs (AOCs 2, 9, 13, and 15), the Child Care Center, and background
areas located between the AOCs, as shown in Figure 2-5. Samples were collected at
locations where soil disturbance was minimal and as far away as possible from the

} effects of runoff from paved areas. Samples were analyzed for VOCs, BTEX, and
TPH.

The samples were collected in accordance with the Arthur D. Little Quality Control
Plan using the following procedure:

« A stainless steel hand auger, trowel, and bowl, along with all sampling
containers, were transported to the site.

« All loose debris was removed with the trowel, and samples were taken at a depth
of 0.5 to 1.0 feet below surface with the hand auger. Immediately after the auger
was removed from the borehole, the soil was transferred into 4-ounce pre-labeled
sampling vials and screened with a PID. Each label on the bottles contained the
pertinent information about the surface boring (e.g., site ID, sample interval, date
sampled, and contractor code).

»  After the sampling was complete, the geologic characteristics of the soil were
described according to ADL SOP 4014. The remaining soil was returned to the
auger hole, and the top soil and grass to its original location.

The shallow soil sampling program was performed in accordance with the CRREL
Phase II RI Work Plan, with three exceptions. First, after further investigation into

the site layout by the Arthur D. Little risk assessment team, the decision was made to
incorporate an additional surface soil sample (§SS37). This sample was located in a
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garden area adjacent to a fuel oil tank and a glycol and water tank at AOC 1. The
second deviation from the Work Plan involved moving sampling locations SSS16 to
SSS19 off of a paved roadway near AOC 13. These sample locations were moved to
unpaved areas that most closely approximated the original site. The final deviation
involved moving location SSS03, originally located in AOC 2, io Background

Area 1.

2.4.2 Subsurface Soll iInvestigation

The subsurface soil investigation was conducted at AOCs where historical data
indicated a release or potential release of contaminants (AOCs 2, 6, 9, 10, 13, 15, and
16). The Phase I field investigation, which was performed from January 10 to
January 20, 1992, determined if contamination existed at selected AOCs. The

Phase II field investigation, which was conducted from July 7 to August 13, 1993,
was designed to determine the lateral and vertical extent of contamination at these
AOC:s.

The locations of the soil borings are shown in Figure 2-6. Eight soil borings (2SB1,
2SB2, 6SB1, 9SB1, 10SB1, 13SB1, 15SB1, and 16SB1) were drilled during the
Phase I field investigation using continuous soil sampling to depths F:tween 10 and
55 feet bgs. Fifteen soil borings (2SB3, 2SB4, 2SBS5, 2SB6, 9SB2, 9SB3, 9SB4,
13SB2, 13SB3, 13SB4, 13SBS, 15SB3, 15SB4, 15SBS, and CECRL19) were drilled
during the Phase II investigation and were typically sampled at 5-foot intervals to
depths ranging between 55 and 170 feet below ground surface (bgs). However, during
the Phase Il investigation, two boreholes in AOC 15 were continuously sampled at
specific depths.

Appendix B shows the analytical program for the subsurface soil sampling program.
Twenty-eight soil samples were collected for chemical analysis of VOC and TPH
during the Phase I field investigation. Sixty-one soil samples were collected for
chemical analysis of VOC, BTEX, and TPH durning the Phase II investigation. Field
QC samples were collected as described in Section 2.6.4.1.2.

Drilling was performed using 6 1/4-inch diameter (ID) hollow stem augers during the
Phase [ investigation, and both 6 1/4-inch and 4-inch diameter (ID) hollow stem
augers during the Phase II field investigation. The sampling intervals and depths were
site-specific, but were based on criteria described in the Work Plans (Ecology and
Environment, 1991; Arthur D. Little, 1993). For the Phase I field investigation,
continuous samples were collected to a minimum of 10 feet bgs, but coatinued until
background concentrations of total VOC, as measured by a PID, were present. For
the Phase II field investigation, samples were collected at 5-foot intervals to a depth (
of 50 feet bgs or until two consecutive samples indicated background concentrations
of VOCs. However, to eliminate the possibility of cross contamination, all soil
borings were terminated 3t a maximum depth of 10 feet above the water table, even

T e e
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when background concentrations had not yet been reached. Sample collection and
geologic logging were conducted according to the procedures described in
Section 2.2.4.

! All chemical sampling was performed in accordance with USAEC guidelines as
described in the Work Plans (Ecology and Environment, 1991; Arthur D. Little,
1993). Sampling during the Phase II investigation also followed ADL SOP
USA-4002. The general procedure for chemical soil sampling was as follows:

i »  All decontaminated equipment needed for chemical soil sampling was set up at
' the site

+ Immediately after the split spoon was opened, all chemical soil samples were
collected in 4-ounce glass amber jars. Sample containers were filled as quickly as
possible, with those for VOC analysis collected first, followed by a headspace
screening sample, and then the TPH analysis sample. Generally, VOC soil
samples were collected within one minute of opening the split spoon. With the
exception of the headspace screening sample, all of the samples were
immediately placed in an ice-filled cooler.

» Headspace screening analysis was performed on all soil samples, using a
Microtip PID equipped with a 10.6 eV lamp and calibrated to 100 ppm with 100
ppm isobutylene. The followine method was used. Headspace samples were
placed in clear 8-ounce glass jars. After filling the jar half full of soil, the jar was
covered with aluminum foil and gently agitated. After several minutes, the PID
probe was inserted through the foil into the air above the sample and the highest
screening value was recorded on the soil boring log. ‘

» The selection of soil samples for chemical analysis at a boring were made with
the assistance of headspace screening results. Typically samples for chemical i
analysis were collected at the shallowest and deepest intervals where
contamination was detected with the PID. In addition samples for chemical
analysis were also collected from the interval where the highest levels of
contamination were indicated by the PID and from other intervals of unique
geology to ensure a diverse selection of geologic material.

» At the completion of the chemical sampling, the boring was either abandoned
with a cement grout or was used for a soil vapor monitoring well as described in
Section 2.4.4.

. « All investigative-derived waste was handled in accordance with the procedures
' described in Section 2.7.
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» All sampling instruments were decontaminated in accordance with the procedures
described in Section 2.8.

Table 2-3 describes site-specific soil sampling conditions for each AOC.

2.4.3 Soll Gas Investigaticns

Two soil gas surveys were conducted at CRREL. These curveys were performed by
Northeast Research Institute Inc. (NERI) of Farmington, Connecticut. The first survey
was performed during the Phase I field investigaiion to determine if VOC
contamination existed at the 16 AOCs, to identify any additional AOCs, and to aid in
the selection of soil boring and monitoring well locations. The second survey was
conducted at the beginning of the Phase II field investigation to identify potential
migration pathways and aid in the location of soil borings and rwonitc:ing wells in
the vicinity of AOC 15. Figure 2-7 shows the areas where soil gas surveys were
conducted for the Phase II investigation.

Both surveys were performed in accordance with "Petrex® Environmental Soil Gas
Protocol” and were previously submitted to USAEC as individual reports. The
Petrex® method used by NERI provides a means by which trace quantities of gases
from subsurface derived organic contaminants can be both detected and collected at
the earth’s surface. This technique is passive and integrative, thus eliminating any
short-term variations and increasing the effectiveness with which it identifies VOCs.
The gases are collected through samplers that consist of two collectors, each collector
being a ferromagnetic wire coated with an activated carbon adsorbent and mounted in
a screw top glass culture tube. When placed into shallow holes, these samplers can
collect trace gases from the soil, vadose zone, and ground water.

The procedure for use of these samplers during both surveys was as follows:

» Adsorption collector wires were cleaned, packaged and checked prior to
transportation to the site, according to NERI protocol.

» The sampler was placed open end down into a shallow hole, 14 to 18 inches
deep.

» The hole was backfilled with an aluminum foil plug and the excavated soil. The
locavion was marked with ribbon flagging and a numbered pin flag. To ensure
that the locations would be well documented for retrieval, the site was drawn in a
field notebook and plotted on a field map.

»  After eighteen days, the samplers were retrieved by a NERI specialist who

extracted the sampler by exposing the tube with a trowel and removing it with a
pair of tongs.
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Table 2-3: Site-Specific Soil Sampiing Conditions

1517
4-28
44-48
AOC2 2582 614 1-3 105 Grouted to
810 susiace
AOC 2 2583 614 202 67 Sol Ventiiation
b 14 Wel instalied
30-32
3537
AOC 2 2584 4 14-16 21 Sol Ventilation
44-46 Wel instalied
94-96
119-121
AOC2 2585 4 20-2 120 Sol Ventilation
2527 Wel instalied
30-R
B37
AOC 2 2586 614 14-16 120 Sol Ventiation
3537 Wel installed
4547
60-62
65-67
AOC6 6S81 614 1-3 105 Grouted 1o
85105 suriace
AOC9 9SB1 614 24 55 Grouted to
13-15* surftace
17-19
5355
AOC 9 9582 4 49-51 101 Sol Ventilation
54-56 Wel installed
69-71
89-91
AOC9 9583 4 10-12 117 Sol Ventiation
40-42 Well inslalied
100-102
15117
AOC 3 9584 4 4-6 51 Sol Ventilation
%11 Well instalied
14-16
1921
AOC 10 10581 61/4 02 10 Grouted to
4-6 surfacs
9-10
Notes:
. Dupiicate sample collected from this depth

Sample analyzed for total petroleum hydrocarbons (TPH) only
oot Dus to driling compiications a new boring, 13SB4ALT, was drilied 6 feet notheast of

13S84. This boring, with a straligraphy and headspace comparable to 13SB4, was designated

as the new location of the soll ventliation wel.
haad Mud rotary was impliemented when the depth exceeded 120 feet below ground surface
INID  inches of the lnner dlamater of hollow stem augers
FTBGS fest below ground surface

Arthur D Little
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Tabile 2-3: Site-Specific Soll Sampling Conditions (continued)

Page20t2
AOC 13 13881 614 1535 19 Grouted 0
55175° sudace
17-19°
AOC 13 13582 4 2022 52 Sol Veniiiaion
0-R Wel instalied
50-52
AOC 13 13583 4 57 2 Soll Ventiation
2527 Wal instalied
4547
70-72
AOC 13 13584 4 57 92 Sol Ventiiation
2022 Wel instalad™
90-92°
AOC 13 13585 4 911 52 Grouted to
20-22* surface
50-52°
AOC 15 15581 614 02 b5 Grouted to v
19-21 surface .
2527 o
Rk )
AOC 15 15582 614 57 64 Soll Ventilation
2426 Wel installed
26-20
4648
62-64
AOC 15 15883 4 4-6 56 Grouted to
! 34-36 surface
54-56
AOC 15 15584 4 911 51 Grouted to
31-33 surface
4143
49-51°
AOC 15 CECRL19 6 1/4>° 57 175 Bedrock Monlloring
1012 Wel installed
3537
80-82
13
i AOC 16 16581 614 02 15 Groutec to
675 surface
g-115
Noles:

Dupicate sampie coilected from this depth

Sample analyzed for total petroleum hydrocasbons (TPH) only

- Ous fo driling compiications a new boring, 13SB4ALT, was drilled 6 feet northeast of
135B84. This boring, with a stratigraphy and headspace comparable 1o 13584, was designated
as the new location of the soil ventilation wel.

o Mud rolary was implemented when the depth exceeded 120 feet below ground surface

IND  inches of the inner diameler of hollow Stem augers

FTBGS fest below ground surface

tom
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» The samplers were sealed, wiped clean of loose dirt, and labeled at the site’s
surface.

» The samples were transported to the laboratory for mass spectrometer analysis.

This procedure was followed for the 460 samplers installed during the Phase I fieid
investigation and for the 100 samplers installed during the Phase II field
investigation. Of the 100 samplers installed during the Phase II survey, 98 were
retrieved. Sample 70 was found to be broken in the hole, and sample 9 was unable to
be located due to paving activities.

2.4.4 Soll Vapor Monitaring Welis

Soil vapor monitoriing wells were installed in 11 borings (2SB3, 2SB4, 2SB5, 2SB6,
9SB2, 9SB3, 9SB4, 13SB2, 13SB3, 13SB4ALT, and 15SB2) between July 21 and
August 13, 1993 as part of the Phase II field investigation. The screened interval was
placed across soil where headspace screening results for total VOCs were greater than
10 ppm. These wells were constructed with the objective of creating a means for
future VOC ventilation from the vadose zone soil to the atmosphere.

Figure 2-6 shows the locations of the soil vapor monitoring wells. All wells were
constructed to specifications approved by the USAEC geologist. Figure 2-8 is a
schematic diagram of the construction specifications for the soil vapor monitoring
wells. The individual monitoring well construction diagrams are presented in
Appendix E. The following is a description of the procedure for soil vapor well
installation at CRREL:

» Augers were removed from the soil boring after the completion of chemical and
physical sampling.

 If the borehole remained open, PVC casing and 0.010 inch slot screen were
lowered into the borehole to the desired depth. If the borehole failed to remain
open, 6 1/4-inch ID augers were used to ream the hole, and the well was
constructed inside the augers. The depth to the bottom of the screen was equal to
the deepest interval where headspace screening results were greater than 10 ppm
and extended to a maximum depth of 10 feet aboveground water. The top of the
screen was placed at the depth where the first headspace screening results greater
than 10 ppm were encountered.

» The well was centered in the borehole and secured with a Number 2 sand pack in
the annulus. The sand pack extended to the top of the screen. The annular space
between the borehole and the casing was filled with a cement-bentonite grout by
the method described in Section 2.5.1.1.
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» PVC casing and niser pipe were set to approximately 2.5 feet aboveground
surface at all wells, except those at AOC 13 (13SB2, 13SB3, and 13SB4ALT)
where flushmount finishes were require .. The flushmount wells were coinpleted
at a depth of 0.5 feet bgs.

* A PVC cap was placed on the top of the open stickup for all wells, and the outer
PVC was labeled with the well number on all wells, except for the wells with a
flushmount finish.

» A reflective caution sign was attached to the outside of each well with an
aboveground stickup.

2.5 Ground Water Investigation

The ground water investigation was initiated by Ecology and Environment between
January and April, 1992. This initial phase included supervising the installation of
five overburden monitoring wells (CECRLO7 to CECRL11) and one bedrock well
(CECRL12), two rounds of ground water sampling of all CRREL wells, and water
table measurements. An expanded ground water investigation was conducted by
Arthur D. Little between July and December, 1993, which included supervising the
installation eight additional monitoring wells -- three overburden and five bedrock
(CECRL13 to CECRL20), three rounds of ground water sampling at all of the
CRREL wells, in situ permeability testing of all monitoring wells, and water table
measurements.

2.5.1 Monltoring Well installation

Overburden wells CECRLO7 to CECRL12 were installed between January 10 and
February 20, 1992 by WTD Environmental Engineering of Schofield, Wisconsin.
Well CECRL07 was installed to monitor background ground water conditions at
CRREL, hydrologically upgradient from potential sources of site-related
contamination. Well CECRLO8 was installed at the northwest corner of the Main
Laboratory Building, near the former TCE and fuel oil UST site (AOC 2). Well
CECRLO09 was installed near the Ice Well (AOC 9). Well CECRL10 was installed at
the location of the former gasoline UST (AOC 6). Well CECRL11 was installed
south of the former TCE surface disposal area (AOC 11). Well CECRLI12 was
installed between the CRREL production wells and the Connecticut River.

The second phase of well installation (CECRL13 to CECRL20) was conducted
between July 7 and August 11, 1993 by Environmental Drilling, Inc., of Sterling,
Massachusetts. Bedrock wells CECRL13, CECRL14, and CECRL15 were installed
adjacent to overburden wells CECRL0O7, CECRL09, and CECRLOS, respectively. In
addition, two overburden-bedrock well couplets were installed -- one at the northern
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boundary on the lower terrace (CECRL17/16), and one adjacent to the west side of
the greerhiouse at AOC 15 (CECRL19/18). An overburden well (CECRL20) was
instsiicd at a second background location on the south side of the Ice Engineering
Fa:ility.

Table 2-4 shows the construction specifications for all of the monitoring wells at
CRREL. Figure 2-9 shows the locations of all monitoring wells at CRREL. Appendix
G contains the boring logs for the monitoring wells. Appendix E contains all of the
moenitoring well construction diagrams. All of the wells with the exception of
CECRL16 were installed in accordance with Geotechnical Requirements for Drilling,
Monitor Wells, Data Acquisition, and Reports (USATHAMA, 1987). Difficulties
encouvntered during construction of CECRL16 necessitated deviations from the
requirements (see well placement discussion in Section 2.5.1.2).

2.5.1.1 Overburden Well installation. Monitoring wells CECRL07 to CECRL11
were installed using a Cantera Model CT-250 drill rig. Monitoring wells CECRL17,
CECRL19, and CECRL20 were installed with a Failing F-6 drill rig. All of the
overburden monitoring well boreholes were drilled with hollow stem augers.
Installation of the overburden wells consisted of three main steps: borehole drilling,
well placement, and well completion. The following is a description of these steps.

Vsl

Borehole Drliling

The boreholes were advanced to desired depth using a 6 1/4 inch diameter (ID)
hollow stem augers. For wells CECRLO7 to CECRL12, geologic samplec were
initially collected with a 2-foot split spoon at 5-foot intervals, but the interval was
increased at the direction of the USAEC after the general stratigraphy was
established. For well CECRL20, samples were collected at 5-foot intervals to 127
feet, 11 feet above the bottom of the well. The presence of running sand prevented
sampling of the bottom 11 feet. The procedure for geologic sampling is described in
Section 2.2.4.

Unlike the other overburden monitoring well boreholes at CRREL, the poreholes for
wells CECRL17 and CECRIL.19 were sampled to bedrock and subsequently grouted to
the desired well completion depth of 108 feet. Borehole drilling at these locations
proceeded using 4 1/4-inch diameter (ID) hollow stem augers. Samples were
collected at S-foot intervals to approximately 120 feet, where the use of hollow stem
augers became difficult. Borehole advancement and sampling from this depth to
bedrock (approximately 175 feet) was accomplished by mud rotary drilling. Three-
inch inner diameter (ID) temporary casing was lowered to the bottom of the borehole.
A 2 7/8-inch diameter tri-cone bit advanced the borehule as additional temporary
casing was added. Split spoon samples were collected at 15-foot intervals down to
bedrock. After geologic logging was completed, the casing and rods were pulled and

rogt
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the resulting 3-inch diameter borehole was grouted, in 50-foot lifts, to 109 feet --
1 foot below the desired well completion depth.

All drill cuttings were disposed of in the manner described in Section 2.7.

Well Piacement

Figure 2-10 shows a generalized construction diagram for overburden monitoring
wells installed at CRREL. All of the overburden wells were constructed of 4-inch ID
Schedule 40 flush jointed PVC riser and 0.010-inch machine-slotted Schedule 40
PVC screen of the same diameter. The screen length in all of the overburden wells,
except wells CECRL17 and CECRL19, is 10 feet. For wells CECRL17 and
CECRL19, 20-foot screen lengths were used to increase ground water production
from a thick silt layer.

All well construction was performed within 7 1/4-inch diameter (ID) augers. No. 2
sand was used for the sand pack material around the screen. The sand pack was set
to a depth 5 feet above the top of the screen. The seal was composed of bentonite
pellets that were placed to a depth of 5 feet above the top of the sand pack. The
pellets were dropped individually to prevent bridging of the annulus. Where
necessary, the pellets were hydrated with water derived from well CECRLO3. After
allowing the seal to set for a minimum of two hours, the grout was tremied into the
annular space at 50-foot increments. The grout was composed by weight of 20 parts
Portland Type 11 cement (94 1b bag), 1 part bentonite, and 7 gallons of water. Grout
was mechanically mixed with a pump and tremied into the borehole. After each
50-foot lift, the grout set for four hours before placement of the next lift. This
process continued until the grout was approximately 2.5 feet below the ground
surface.

Well Completion

All of the overburden wells were completed in the same manner. A 5-foot long,
6-inch diameter protective stee! casing was placed over the riser so that the top of the
steel casing was approximately 0.2 feet above the top of the PVC cap. The steel
casing was set into cement so that the total stickup of the protective steel casing was
approximately 2.5 feet. After allowing the cement to set, a cement-sand mortar collar
was placed in the aniiular space between the protective steel casing and the PVC riser
to 6 inches above grade. A drainage hole was drilled in the protective steel casing, 6
inches above grade. Four piotective cement-filled pickets were placed radially 4-feet
from the well. The pickets were set approximately 3 feet into the ground, with a
3-foot stickup. The pickets and the wells were painted orange with a hand brush prior
to installation. White paint was used for the well IDs. Following installation,
fourpieces of 2 inch by 8 inch lumber were placed around the pickets to form a box

and gravel was placed on top of a plastic liner in the boxed area to 6 inches above
grade.
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2.5.1.2 Bedrock Well Installation. Monitoring well CECRL12 was installed with a
Cantera Model CT-250 rig. Monitoring wells CECRL13, CECRL14, CECRLI1S,
CECRL16, and CECRL18 were installed using a Reich Model T-650-W drill rig,
equipped with a mud rotary drilling assembly. Installation of the bedrock wells
consisted of three main steps: borehole drilling, well placement, and well completion.
Figure 2-11 is a schematic diagram showing the general construction specifications
for bedrock wells installed at CRREL. Figure 2-12 is a schematic diagram for
bedrock well CECRL16. The following is a description of these steps.

Borehole Drilling

Except for CECRL12, boreholes through the overburden were drilled with an

8 3/4-inch diameter carbide-tip tri-cone bit. The drilling fluid was a mixture of water
from well CECRLO3 and bentonite powder. With the exception of CECRL12, no
samples were collected for geologic description since the bedrock wells were
installed next to overburden wells where the stratigraphy was documented. However,
samples were caught with a screen from mud returns at approximately 10-foot
intervals and described on the logs. The overburden at CECRL12 was drilled and
sampled as described in Section 2.5.1.1.

When bedrock was encountered, the boring was continued until competent bedrock
was encountered, typically about 3 feet below the bedrock surface. The drilling
assembly was removed from the mudded overburden borehole and a 6-inch (ID) steel
casing was set to the bottom of the borehole. The drilling mud was then washed from
the cased borehole using clean water from CECRLO3.

The bedrock was cored following the methodology described in Section 2.2.3.
Following the coring of bedrock, the mud rotary rig was repositioned over the
borehole, and the hoie was reamed to the desired depth (i.e.. the bottom of the core
borehole) using a 5 7/8-inch tri-cone bit. After reaming and washing of the bedrock
borehole, the borehole was geophysically logged as described in Section 2.2.2. In
some cases, the borehole had to be re-washed so that complete geophysical logs
could be acquired.

Well Placement
The construction material and procedures were the same as those described for the
overburden wells, except for the following:

» The placement of the 10-foot well screen was confirmed after a review of the
rock cores and borehole geophysical logs. In all instances, these data indicated
that water bearing fractures were present in the bottom 10 fest of each borchole.

. Therefore, all of the well screens, except for CECRL12, were placed near the
[ bottom 10 feet of each borehole. A 20-foot screen was used in CECRL12
because of concerns with low recharge in the bedrock.
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In ali of the bedrock wells except CECRLI16, the seal consists of a bentonite
slurry (Table 2-4) emplaced with tremmie pipe. The slumry was used in lieu of
pellets to prevent bridging of the annulus above the desired depth of the seal,
which was often well below the water table. In all wells except CECRLI16, the
top of the 5-foot seal was set several feet below the top of the bedrock.

During the drilling of the bedrock section of well CECRL16, large fractures in
the bedrock were encountered beneath where the 6-inch diameter steel casing was
set. These fractures apparently became conduits for sand to migrate from the
overburden into the borehole. After censultation with the USAEC geologist and
Project Manager, repeated attempts to clean the borehole were made and a 4-inch
PVC screen was set within 2 feet of the bottom of the borehole (202.5 feet bgs).
However, running sands migrated up the annulus to approximately 158 feet bgs
and restricted the placement of the sand pack, thus preventing proper construction
of the well. Since the 4-inch PVC well could not be pulled and the influx of the
native sand could not be mitigated, a 2-inch diameter well was constructed inside
the 4-inch well. The 2-inch diameter well was constructed within 3-inch diameter
temporary casing so that the sand pack and the bentonite seal could be set at the
desired depths. The casing was pulled in increments as the sand pack and seal
were set.

Weli Completion
The bedrock wells were completed in the same manner as the overburden wells,
except for the following deviation:

In all bedrock wells except for well CECRL12, the protective steel casings are an
extension of the 6-inch diameter steel casings. Well CECRL12 completed in the
same way as the overburden wells.

2.5.1.3 Well Development. Monitorine wells CECRLO7 through CECRL12 were
developed between January 28 and February 20, 1992. Monitoring wells CECRL.13 10
CECRL20 were developed between July 20 and August 11, 1993. The purpose of
well development is to restore the natural hydraulic properties of the formation in the
screened zone. Well development logs are presented in Appendix H.

Where no deviations were made to USAEC specifications, the general procedures for
well development were as follows:

Arthur D Little

The volume necessary for removal from each well was calculated based on
measurements of water level, well depth, and well construction information. This
volume was equal to five times the standing water in the well and saturated

annulus (assuming 30 percent porosity) plus five times the volume of drilling
fluid lost.
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* A submersible pump was inserted into the middle of the screened interval.

« The first water from each well was sampled for water quality parameters (pH,
specific conductivity, temperature, and turbidity) using a Horiba Model U-10.

» The flow of water from each well was regulated to determine a suitable pumping
' rate and discharged to a 55-gallon drum. The headspace of the water was
screened at approximately 25-gallon intervals with a Microtip PID. If the
screening results were less than 5 ppm, the water was discharged to the ground.
If the screening results were greater than 5 ppm, the water was handled as
investigation-derived waste (Section 2.7).

*  During well development, the submersible pump was moved up and down within
the well screen. At least two measurements of water quality parameters were
collected during development.

» At the completion of well development, a final water sample was tested for water

quality parameters. This sample was delivered to the CRREL Environmental
Engineer.

In some instances the desired volume of water to be removed was not satisfied. Such
deviations from the USAEC requireinents were approved by the USAEC geologist
and Project Manager. The large amounts of drilling fluids used during well drilling

, and/or the slow recharge encountered at several of the wells (particularly the bedrock
wells) prohibited removing the desired amount of water at CECRL07, CECRLIO,
CECRL11, CECRL12, CECRLI13, CECRL14, CECRLI1S, CECRL17, and CECRLI18.
In the case of bedrock wells, the wells were pumped dry a minimum of three times
over a 2- to 3-day period and until stabilization of water quality parameters was
observed. Water clarity was achieved in most wells, except for CECRL17 and
CECRLI19, which were screened in a gray silt.

Bedrock wells CECRL13 and CECRL16 were pre-developed prior to well
installation. Pre-development of these wells was deemed necessary since mud was
used to seal large bedrock fractures encountered during drilling and coring.
Pre-development consisted of pumping the water until it ran clean, indicating
satisfactory removal of the drilling mud.

2.5.2 Ground Water Sampling

Five rounds of ground water sampling were conducted at CRREL during the field
investigation. The first and second rounds of sampling occurred during the Phase I '
field investigation (March 6 to 13, 1992 and April 7 to 10, 1992) and included the
production wells (CECRLOI through CECRLOS), the Ice Well (CECRLO6), the
monitoring wells (CECRLO7 through CECRL12), and the Town of Hanover supply

¥ o ."
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well. The third, fourth and fifth rounds of ground water sampling occurred during the
Phase I field investigation (August 23 to 27, 1993, September 27 to October 1, 1993,
and November 29 to December 3, 1993) and included all Phase I sampling locations,
and the newly installed monitoring wells CECRL13 to CECRL20. During the fourth
round, production well CECRL02 was not operational and could not be sampled.
During the fifth round, production well CECRLO! was not operational and could not
be sampled.

The analytical program for ground water sampling is presented in Appendix B. All
ground water samples were analyzed for VOCs and TPH. In addition, samples
collected during rounds 3, 4, and 5 were analyzed for BTEX. Wells CECRI.18 and
CECRL19 were also analyzed for naphthalene during rounds 3, 4, and 5. Field QC
samples were collected as described in Section 2.6.4.1.2.

Ground water sampling and analytical protocol followed the USAEC specifications
(USATHAMA, 1987). For rounds 1 and 2 these procedures are defined in the
Ecology and Environment Field Sampling Plan (FSP) (1991) and Quality Assurance
Project Plan (QAPjP) (1991b). For rounds 3, 4 and 5, these procedures are defined in
the Arthur D. Little Work Plan and Quality Control Plan (1993). The general
procedure for ground water sampling was as follows:

All monitoring wells were allowed to remain undisturbed for a minimum of two
weeks after well development prior to sampling.

o After opening the well, total VOCs were measured at the well head by a PID and
recorded in the field notebook.

« The well was prepared for purging. All well purging information was recorded on
ground water sampling logs (Appendix I). The monitoring well purging process
consisted of the following steps:

The depth to ground water, from the top of the PVC casing, was measured
and recorded to the nearest 0.01 feet.

- The volume of ground water to be purged was calculated as 5 times the
volume of the saturated zone of the well plus 5 times the saturated annular
space (assuming a 30 percent porosity).

- A decontaminated submersible pump was lowered to within a few feet from
the bottom of the well. Purge water was discharged to a 55-gallon drum and
the rate of discharge/drawdown was noted by the technician. Toward the end
of the purge cycle, the discharge rate was lowered to reduce to cascading of
water prior to sample collection.
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- Ground water quality parameters were measured with a Horiba U-10 meter at
a minimum of three times during purging: once at the beginning, once in the
middle, and once at the end. These parameters were pH, conductivity, and
temperature during first two rounds and pH, conductivity, turbidity,
temperature, and dissolved oxygen during the third, fourth, and fifth (Arthur
D. Little) rounds.

- After purging was complete, the submersible pump was removed from the
well and sampling commenced.

Purging of the production wells involved discharging ground water to the surface
through an outlet in the pump house. The water was allowed to run for a
minimum of five minutes before ground water quality parameters were measured.
Ground water quality measurements were collected once at each production well
for the parameters described above. During rounds one and two, the purging of
CECRLO2 consisted of removing 5 gallons of water with a pre-cleaned Teflon
bailer.

The Ice Well was not purged prior to sampling. Ground water quality
measurements were not collected. i

All of the monitoring wells and the Ice Well (CECRLO06) were sampled using
precleaned Teflon bailers. During rounds 1 and 2, production well CECRL02 was
also sampled with a bailer. The remaining production wells and the Hanover
municipal well were sampled through a spigot. Wells were sampled by the
following procedure:

- All prelabeled bottles were triple rinsed with well water prior to sample
collection, either with bailed water or water from a sampling spigot.

- The samples for VOC analysis were collected first, followed by samples for
BTEX, naphthalene (if sarnpled), and TPH. The VOC and BTEX samples
were preserved with hydrochloric acid to a pH<2.

- Final ground water parameter measurements were recorded after sampling
was completed.

All samples were securely packed into an approved cooler with sufficient ice and
blue ice to chill the samples to 4 degrees Celsius.

All samples were shipped to the laboratory by an overnight delivery service on
the day that they were collected.
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»  All purge water was handled as described in Section 2.7.

Field conditions required several amendments to the purging procedures described
above for the monitoring wells. This was necessary because marny of the monitoring
wells, particularly the bedrock wells, have extremely slow rates of recharge.
Permission was granted by the USAEC geologist to amend the purging procedure for
those wells that required more than four hours to purge. For these wells, the purging
procedure was to pump the well dry three times over the course of at least four
hours. Monitoring wells that have had historiczlly poor recharge rates are CECRLI10,
CECRL14, CECRL1S5, CECRL17, CECRL18, and CECRL19.

2.5.3 Aquifer Testing

In situ permeability tests (slug tests) were conducted on all of the monitoring wells,
except CECRLI16, to determine hydraulic conductivity. These tests were performed
between September 7 and 10, 1993. The slug length dimensions used during aquifer
testing remained constant, with 3 1/2-inch (diameter) by 30-inch (length) slugs used
for all wells. All slugs were composed of solid PVC. The Bouwer and Rice method
was chosen for interpretation as it allows for the determination of saturated hydraulic
conductivity of aquifer materials in both fully and partially penetrating wells. A
summary of the well and test parameters for the hydraulic conductivity analysis is
presented in Appendix J along with the field data and results.

All slug tests were performed in accordance with the Work Plan (Arthur D. Little,
1993) and the ADL SOP-4018. In general, the slug tests require a raising and
lowering of the static water level in the well to be tested. To achieve this, the
following procedure was employed:

» Technical personnel arrived at the well site and recorded the well conditions,
total VOCs, and static water level.

+ A 10.0 psi transducer cable was secured and the data logger programmed with
the site specific test parameters. The slug was then lowered into the well and the
falling head test was performed in accordance with ADL SOP-4018.

«  After equilibrium or 80 percent recovery was achieved, the slug was raised and
the rising head test was performed in accordance with the ADL SOP.

« At the completion of the testing, the slug was removed from the well, all
equirment was decontaminated, and the data were downloaded from the
datalogger.

CECRL16 was not tested due to the speed of its recharge. As pumping with a
submersible pump resulted in minimal drawdown, it was decided that slug testing
would be ineffective.
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2.5.4 Water Level Measurements

Water level measurements were collected from all of the monitoring wells to
construct water table contour maps and potentiometric surface maps for the bedrock
portion of the aquifer. These data were also used to determine vertical hydraulic
gradients where well couplets exist and to determine the hydraulic relationship
between the Connecticut River and well CECRL12.

Ground water measurements followed ADL SOP USA-4012 and the USAEC
specifications (USATHAMA, 1987). Ground water measurements were collected
prior to the initiation of each ground water sampling round. The depth to ground
water was measured to 0.01 feet from a notch at the top of the PVC casing using an
electronic water level indicator.

Long-term monitoring of ground water at CECRL12 and the Connecticut River was
performed between October 1 and 5, 1993. The monitoring was accomplished with an
electronic data recorder set to simultaneously record water levels at both locations
through two pressure transducers. Water levels at each station were referenced to
their respective elevations. For well CECRLI12, this elevation was calculated from
surveyor information. For the Connecticut River, a minimum elevation was recorded
from hourly water level measurements at the Wilder Dam.

2.5.5 Ice Well Measurements

The depth to ice in the Ice Well (CECRL06) was measured on several occasions
during the field investigation. During the Phase I field investigation, the top of the

ice was measured at 63 feet bgs. During the Phase II field investigation, measurement
was recorded at 190.2 feet bgs. It is not known whether the later measurement
represents the ice surface or the bottom of the well, but it is clear that a significant
melting occurred between the measurements.

2.6 Analytical Program

This section describes the chemical analysis of soil and water samples taken during
the Phase II RI at CRREL. A discussion of the Phase I analytical program is included
in the Phase 1 Report.

The chemical analysis program for the Phase II RI was directed towards generating
data from field and laboratory tests that defined contamination characteristics at the
CRREL site. Specific sets of analytes for laboratory analysis were specified for each
sample collected from the site. The chemical analysis program was designed to obtain
quantitative data on the presence of selected chemicals at detection limits consistent
with USAEC target reporting limits and federal and state regulations. In addition to
measuring the concentration of specific analytes, a library search was executed for
non-target sample components for the purpose of tentative . zntification. For this
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purpose, the 1989 (o more recent) release of the NIST/EPA/MSDC mass spectral
library, containing 50,000 spectra, was used.

Volatile Organics (GC/MS)

The methods used for the detection of VOCs are USAEC Method LM23 for soils and
USAEC Method UM21 for water. These methods are based on EPA Method 8240
and are used to determine VOCs in a variety of matrices. An inert gas is bubbled
through a 5-milliliter water sample or a 5-gram soil sample contained in a specially
designed purging chamber at ambient temperature. The purgeable organics are
efficiently transferred from the aqueous phase to the vapor phase. The vapor is swept
through a sorbent trap where the purgeables are trapped.

After purging is completed, the trap is heated and backflushed with the inert gas to
desorb the purgeables onto a gas chromatographic column. The gas chromatograph
(GC) is temperature programmed to separate the purgeables, which are then detected
with a mass spectromete (MS).

All organic compounds of greatest apparent concentration for the purgeable and
extractable fractions, are tentatively identified via a forward search of the
NIST/EPA/MSDC library (substances with responses less than 10 percent of the
internal standard are not required to be searched in this fashion). Only after visual
comparison of sample spectra with the nearest library searches will the mass spectral
interpretation specialist assign a tentative identification.

If, in the technical judgment of the mass spectral interpretation specialist, no valid
tentative identification can be made, the compound is reported as tentatively
identified compound (TICs). When possible, the mass spectral specialist provides
additional classification of the TIC (e.g., TIC aromatic, TIC hydrocarbon, TIC acid
type, TIC chlorinated compound). TICs that can be identified with greater that 95
percent certainty are reported o IRDMIS using the USAEC test name code. TICs
that cannot be identified with greater than 95 percent certainty are reported to
IRDMIS using UNKXXX, where XXX is an assigned number that is determined
based on the relative retention time. This technique lends some assurance that major
organic species that may be present in the CRREL samples will be detected and
reported.

Benzene, Toluene, Ethylbenzene, and Xylene (GC)

The methods used for the detection of BTEX are USAEC Method AA9 for soils and
USAEC Method AVS for water. These methods are based on EPA Method 8020 to
determine concentrations of benzene, toluene, ethylbenzene, and xylene in soils,
sediments, and water. This method is similar to Method 8240 describec above,
however the GC system uses flame ionization detector (FID) to detect these
compounds instead of a mass spectrometer.
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TPH (GC/FID)

This method is designed to identify and quantify petroleum product contaminants and
can be applied to water, soil, and waste samples. The sample is extracted in
methylene chloride, and the extract is concenirated and then analyzed by capillary
column gas chromatography with fla:e ionization detection. A result is reported for
the TPH detected, and a qualitative ic+ ntification of the contaminants is made. This
method is based in part on EPA Method 8015 and ASTM D3328-78 (USAEC does
not require performance demonstration of this method). It is intended to provide
higher resolution than these methods and a greater amount of qualitative information.
The technique has been applied to a wide variety of environmental investigations.
The advantage of this method over EPA Method 418.1 for the determination of TPH
by infrared (TPH-IR) is that it provides not only quantitative information but
qualitative information as well. Thus, the identity of the contaminant is established
and can help in the determination of the source for and transport of the petroleum
product in the aquifer or vadose zone. EPA Method 418.1 is also very susceptible to
interferences, specially by hydrocarbons that are not petroleum in origin.

Naphthalene (GC/MS)

The method used for the detection of naphthalene in water is USAEC Method UM25.
This mcthod is based on EPA Method 8270 to determine the concentration of SVOCs
(e.g., naphthalene) in extracts prepared from all types of solid waste matrices, soils,
and ground water. For the analysis, a measured volume of sample, approximately 1
liter for aqueous samples or 30 grams for soil and sediment samples, is extracted
with methylene chloride. The methylene chloride extract is dried, concentrated to a
volume of 1 milliliter, and analyzed by GC/MS.

As an indicator of a broader spectrum of oil-related contamination, TPH was
measured at selected locations. This technique indicates the presence of
contamination from a variety of oils and/or fuels that may have been used at CRREL.
Tests for total volatile organic emissions were also conducted in the field to provide
“real time" information about ground water well development and the presence of
broad indicators of contamination in soil, water, and air (headspaces and/or soil
gases).

Appendix K includes a listing of the analyses performed on the samples collected
during the CRREL investigations and a complete list of analytes. For each of the
analyses, the reference analytical method is provided. Most of the analyses cited in
Appendix K were performed using USAEC-performance demonstrated methods. The
referenced USAEC-performance demonstrated methods are unique to DataChem
Laboratories and all USAEC analyses are conducted according to the requirements of
the specific method, without deviation. Details of the USAEC analyses, including the
certified reporting limit (CRL) for each analyte, are also provided in Appendix K. A
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copy of the complete USAEC-approved DataChem method for each of these analyses
is maintained in the Arthur D. Litte files for this project.

2.6.1 Analytical Parameters

In order to provide a common point of reference for all projects and to provide a
means of evaluating laboratory performance, USAEC prescribes the use of
standardized methods for commonly encountered analytes. These methods contain all
analytical parameters relevant to the Phase II RI. The standardized methods are based
on published methods of analysis, USAEC standing methods, or past USAEC
experience (e.g., for military unique compounds). Methods have been evaluated in
terms of sound analytical practice and applicability to environmental projects. In
addition to specifying sample preparation and analysis, each method also specifies
calibration procedures and frequency, calibration check acceptance criteria, methods
of preparing standard solutions, and preparation of Quality Control (QC) samnples.

The primary laboratory used for this analytical program was DataChem Laboratories,
a USAEC-performance demonstrated laboratory in Salt Lake City, Utah.

Appendix K provides a list of USAEC-performance demonstrated methods used for
the determination of the analytical parameters for this task, the methods used, and
equivalent EPA methods where they exist. The method numbers are specific to the
project and to DataChem.

2.6.2 Field Analyses

The analyses that could be performed in the field are conductivity, pH, temperature,
and turbidity. Each of these analyses was performed in the field using a single
instrument, a Horiba Model U-10 Water Quality Meter. This instrument is factory
calibrated semiannually and is checked daily for pH calibrction. Daily calibration of
all other parameters was performed by the instrument electronically during the pH
assessment. If the instrument’s c..ly self-calibration did not respond within
programmed responses, a message was sent to the LCD indicating which parameter
failed to meet the calibration criteria. When this occurred, simple field mainter:ance
was performed and the instrument was recalibrated. Confirmatory pH data were
collected using pH paper.

2.6.3 Quality Assurance/Quality Control (QA/QC)

DataChem, the laboratory performing the analytical work for the Phase II RI, has
been required to implement QA/QC procedures specified in the USAEC QA Program.
QA/QC protocols help ensure conformance with authorized policies, procedures, and
sound practices. These practices provided a consisient framework for the generation
of the analytical data in support of the Phase II F1. The following section describes
the procedures implemented to achieve the objectives of the USAEC QA Program.
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2.€.3.1 Laboratory Method Approval. In accordance with the USAEC QA Program,
laboratories require formal performance demonstration for the analytical methods
conducted in association with site investigations. These analytical methods are
provided in Appendix K. USAEC requires that a laboratory must demonstrate
proficiency in performing analyses for specific parameters by submitting data from
runs of pre-performance demonstration calibration standards. Performance samplzs
are then sent for aaalysis to the laboratory from USAEC. The concentrations of the
analytes in these samples are not known by the laboratory. The data are then sent to
USAEC, where the precision and accuracy of ihe analyses are determined.
Performance demonstration is either awarded or denied to the laboratory based on
this performance. A performance demonstration methods code is assigned to each
method and reported with results.

Methods are approved in four different ways (Class 1, Class 1A, Class 1B, or

Class 2), depending on specific project requirements and analytical method types,
subject to USAEC approval. The difference between classes is the procedure used to
characterize laboratory performance of the method. Class 1A approval is reserved
exclusively for GC/MS methods while Class 1B is reserved for low sample
throughput methods (non-GC/MS). Designation of a method as Class 1B can only be
made Sy the USAEC Chemistry Branch following the review and approval protocol.
Class I is reserved for non-GC/MS methods with a sample throughput comparable to
that of the Class 1A. Class 2 approval is used for methods that screen for the
presence or absence of contaminants.

Some methods, such as those for alkalinity, total organic carbon, total suspended
solids, and TPH, do not require performance demonstration. USAEC recognizes
standard EPA protocals or internal laboratory methods for these parameters.
Laboratories are required io submit information on procedures for analyzing samples
using these methods to the USAEC Chemistry Branch before they are implemented.

2.6.3.2 Laboratory Methods Quality Control. QC data are necessary to determine
precision and accuracy and to provide quantitative evidence that the method is
performing comparably or better than when documented during method development
and performi.ance demonstration. Laboratory-based control samples consist of
standards, surrogates, spikes, and blanks. Data generated from control samples that
are included in each lot are plotted on control charts to monitor day-to-day variations
in routine analyses. For this program DataChem followed the approach described by
the USATHAMA Quality Assurance Program for performance methods with respect
to laboratory control samples. For methods not requiring performiance demonstration
by USAEC, DataChem followed the specific method directives. Generally, a blank, a
spike, and a duplicate were included in each lot of 20 or fewer samples.
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The types of laboratory control samples and the minimum acceptable performance “ar
metheds not requiring performance demonstration by USAEC for USAEC projects
are briefly described below.

2.6.3.2.1 Laboratory Blanks. In addition to field blank samples, three types of blanks
may be analyzed in the laboratory: calibration blanks, method blanks, and reagent
blanks. Method blanks and reagent blanks are used to assess laborator procedures as
possible sources of sample contamination. Calibration blanks establish the analytical
baseline against which all other blanks are measured.

»  Method Blanks are laboratory blanks that correspond to the first step in sample
preparation and, as such, provide a check on contamination resulting from sample
preparation and measurement activities. Fo: SAEC-performance demonstrated
methods, methed blanks for water and soil samples consist of a standard matrix
that is subjected to the entire sample procedure as appropriate for the analytical
method being utilized. For methods not requiring performance demonstration by
USAEQC, the method blank is typically an appropriate volume laboratory water
carried through the entire preparation and analysis procedure.

« Reagent/Solvent Blanks are closely related to method blanks, but they do not
incorporate all sample preparation matenals and analytical reagents in one
sample. When a method blank reveals significant contamination, one or more
reagent blanks may be prepared and analyzed to identify the source of
contaminanon.

» Calibration Blanks consist of pure reagent matrix and are used to zero an
instrument’s response to the leve! of analytes in the pure reagent matrix. They do
not provide a direct indication of the types, sources, or levels of contamination,
but they establish the analytical baseline.

2.6.3.2.2 Laboratory Duplicates. Laboratory duplicate samples are defined as two
sample aliquots taken from the same sample container and analyzed independently.
The results of these analyses serve as an indicator of the precision of the method and
the sample results. The frequency of these duplicates is specified in the performance
methods. For methods not requinng performance demonstration by USAECs,
duplicates were prepared with the frequency specified in the referenced method.

2.6.3.2.3 Calibration Standards. A calibration standard is prepared in the laboratory
by dissolving a known amount of a pure compound in an appropriate matrix. The
final concentration calculated from the known quantities is the true value of the
standard. The results obtained from these standards are used to generate a standard
curve and thereby quantify the compound in the environmental sample.
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2.6.3.2.4 Spike Sample. A sample spike is prepared by adding to an environmental
sample or standard matrix (for USAEC performance demonstrated methods, before
extraction or digestion), a known amount of pure compound of the same type that is
to be assayed for in the analysis. The spike may also be a surrogate compound for
the analyte of interest. These spikes simulate the background and interferences found
in the actual samples and provide a mechanism to verify overall method performance.
The calculated percent recovery of the spike is taken as a measure of the accuracy of
the total analytical method. For USAEC performance demonstrated methods, between
one and three spiked samples, as specified in each method, were included in each lot.
For methods not requiring performance demonstration by USAEC, spiked samples
were analyzed with the frequency specified in the method.

2.6.3.2.5 Internal Standard. An internal standard is prepared by adding a known
amount of pure compound to the environmental sample; the compound selected is not
one expected to be found in the sample, but is similar in nature to the compound of
interest. Internal standards arc added to the environmental sample just prior to
analysis.

2.6.3.26 Concentration and Frequency of Control Samples. For Class 1 methods, in
addition to the method blank, three independently prepared spiked standard matrix
QC samples shall be included in each lot. Two spiked standard matrix QC samples
contain all control analytes at a concentration near the upper limit of the certified
range. The third spiked standard matnix QC sample is prepared at two times the CRL.

Class 1A methods require an independently prepared spiked standard and natural
matrix sample included in each lot. These are broken down into a single standard
matrix QC sample,a method blank/spike, containing all surrogate analytes spiked at
approximately 10 times the CRL. For the method blank/spike, surrogate results
represent the QC spike, while unspiked non-surrogate results represent the method
hlank. Spiked natural matrix QC samples consist of every field sample spiked with
all USAEC approved surrogate analytes at approximately 10 times the CRL.

Class 1B methods require an independently prepared spiked standard matrix QC
sample included in each lot, in addition to the method blank. The spiked standard

matrix QC sample contains all control analytes at a concentration near the upper limit
of the certified range.

Class 2 methods require one spiked QC sample in eaoh lot in addition to the method

blank. The concentration of the spiked sample is the CRL from the approved method,
which establishes the level that can be distinguished from a blank.
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2.6.3.3 Data Reduction and Validation. The laboratory is in.i.aly vesponsible for
the accuracy and completeness of the Phase 1l Rl analytical data packages. All data
submittals to USAEC first underwent the review process. This review included
checks on the data quality for completeness and accuracy of laboratory data;
compliance with quality control limits and holding times; and correlation of
laboratory data to associated laboratory tests.

2.6.3.3.1 Data Reduction. All processes that change either the form of expression or
quantity of data values or numbers of data items are part of the data reduction
process.

Raw data from quantitative analysis procedures such as GC, GC/MS, High
Performance Liquid Chromatography (HPLC), Inductively Coupled Argon Plasma
(1CAP), and lon Chromatography (1C) generally consist of peak areas (or peak
heights) for the analytes of concern, internal standards, and surrogates. These raw
data are converted 10 concentrations by use of calibration curves or relative response
factors that relate peak area to the quantity of analyte introduced in the instrument.
The calibration procedures are generally less rigorous for field methods than for
methods performed in the laboratory.

Generally. data were collected dunng the analysis of samples either into
computer-based data files or onto hardcopy sheets, which, in turn, were either
machine generated or hand written. In reporting results, rounding to the correct
number of significant figures (this varies with the metnod) occurred only after all
calculations and manipulations were completed. For dilutions, the number of
significant figures was reduced by one. Each analytical method referenced in
Appendix K describes the data reduction procedures for laboratory analysis results. In
addition. the methods describe the correct procedure for using method blank results.

All uncorrected values less than the certified reporting limit, including no response,
were reported as “less than” (LT) the reporting limit. Results of the analyses were
entered into the USAEC IRDMIS, as outlined in the Installation Restoration Data
Management User's Guide (USATHAMA, 1992). Analytes from methods not
requiring performance demonstration by USAEC were reported using detection limits
documented in the appropriate method and were flagged for data entry into the
IRDMIS database.

The abbreviation "GT", which appears on the data summary tables for several
samples, stands for "greater than,” indicating that the analyte concentration was above
the certified upper reporting limit, which typically corresponds to the upper response
range of the analytcal instrument. The value reported is equal to the upper range.
The reporting of a concentration as GT indicates that the sample was not diluted into
the response range, likely due to either insufficient sample volume or due to holding
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time limitations. USAEC allows reporting of concentrations that are outside of the
certified range but within acceptable limits. This is permitted when analyte recoveries
exceed the upper limit of the certified range by less than 15 percent and the
laboratory feels a dilation is not warraated. For this Phase II RI, 24 analyte
concentrations for the VOC fraction (Methods LM23 and UM21) were reported as
GT, but the concentration was higher than the 15 percent approved by the USAEC
Chemistry Branch. For all of these 24 GT values, the laboratory calculated an
estimated value based on instrument readings. Most of the ground water sampie
locations where these concentrations were observed were resampled and reanalyzed.
In cases were resampling was not possible (soil samples), the estimated values where
used.

2.6.3.3.2 Data Validation. Data validation is an integral part of this QA program.
USAEC data validation was performed on 100 percent of all data packages by the
DataChem QA Coordinator. This is interna! laboratory data validation and is not
equivalent to EPA Region I functional guidelines for data validation. Even though the
primary responsibility for this review and validation rested with the laboratory
performing the analyses, the Arthur D. Little Lead Chemist, or design=e, was
responsible for reviewing 10 percent of the data packages, following USAEC
guidelines for data review, which are the same procedures followed by DataChem.

The following is brief outline of the data review and validation process: H

« Evaluate for completeness of laboratory data.
+ Evaluate data with respect to reporting limits.
+ Evaluate data with respect to control limits. |
* Review holding time data.
» Correlate laboratory data from related laboratory tests.
« Examine chain-of-custody records to ensure custodv was properly maintained.
« Compare data on instrument print-outs with data recorded on worksheets or in
notebooks.
*  Check to ensure the same calibration was used for all samples within a lot.
« Examine chromatographic outputs and documentation of the reasons for manual
integrations.
+ Compare standard and sample preparation and injection records with instrurnent
output to ensure each output is associated with the correct sample.
« Examine calibration and tuning results to ensure requirements are met.
»  Check calculations on selected samples to ensure accuracy.
»  Check that GC/MS library searches have been performed for all TICs, as
required, and that results have been evaluated and recorded.
» Examine all papers and notebooks to ensure all pages are initialed, dated, and -
have sufficient explanation for changes, and that all items are legible. f
» Compare transfer file, record, and group check results with analysis resuits.
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2.6.3.4 Data Reporting. The chemical results for samples analyzed for USAEC
projects are entered into IRDMIS, the USAEC-provided software program, by
DataChem. Data created using IRDMIS can then be electronically transmitted to
Arthur D. Little’s Data Manager or a diskette together with hardcopy printouts can be
submitted.

All the subcontracted laboratory data are entered on a coding form by the analyst,
which is verified by the peer checker and group leader/section manager. Laboratory
QA personnel review data for obvious eirors. These data are encoded onto a diskette.
checked through two USAEC software routines, then printed out and verified by
visual inspection by a Data Entry Specialist. Verified analytical results are then
submitted to A-thur D. Little. DataChem retains a duplicate diskette of ail data
submitted.

All information pertaining to the analysis of a lct of sarnples is collected into a data
package at the completion of analysis. The contents of data packages vary with
methods of analysis, but generally include review sign-off shects, field and laboratory
chain-of-custody, chromatograms or instrument charts, all applicable laboratory
logbooks, analysts’ notebooks, calibration information, raw data, and example
calculations. The package is reviewed by the laboratory QA personnel to eliminate
technical errors that might affect the litigation quality of the data. The reported data
are also reviewed by Data Entry for completeness before release.

DataChem subsequently sends all data packages to Arthur D. Little, where a final
review is conducted of (10 percent of them). After the final review, all pertinent
documentation in appropriately labeled boxes is delivered to USAEC.

2.6.3.5 Fieid Quality Control Samples. Various types of field QC samples are used
to check the cleanliness and effectiveness of field handling methods. Field QC
samples help indicate whether project data quality objectives have been met by
providing quantitative and qualitative measures of precision, accuracy,
representativeness, completeness, and comparability parameters. They are analyzed in
the laboratory as samples, and their purpose is to assess the sampling and transport
procedures as possible sources of sample contamination and to document overall
sampling and analytical precision. Field staff may add blanks or duplicates if field
circumstances are such that they consider normal procedures insufficient to prevent or
control sample contamination, or at the direction of the Task Manager. Rigorous
documentation of all fieid QC samples in the site logbooks is mandatory.

Field QC samples and the programmatic recommendations for frequency of collection

are briefly described below. The specification and number of field QC samples to be
collected are provided in the Quality Control Plan (ADL, 1993).
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2.6.3.5.1 Trip Blanks. Trip blanks are prepared at the laboratory prior to the
sampling event by adding deionized water to a 40-ml VOC analysis vial containing
two to three drops of concentrated hydrochloric acid; they are shipped with the
sample bottles. One trip blank was used with every shipment of water sanples for
VOC or at a frequency of 1 per 20 samples, whichever was greater. Each trip blank
was transported to the sampling location, handled in the same manner as a field
sample (except the botilecap was not removed), and returned to the laboratory for
analysis without having been opened in the field. Trip blanks are not exposed to field
conditions; results from the analysis of trip blanks are used to assess potential
contamination from everything except ambient field conditions.

2.6.3.5.2 Field Equipment/Rinsate Blanks. Rinsate blanks are prepared on site by
passing analyte-free water over sampling equipment; they are analyzed for all
applicable parameters. The results of analyzing field equipment/rinsate blanks are
used to document that sampling equipment have been properly prepared and cleaned
before field use and that cleaning procedures between samples are sufficient to
minimize cross contamination. If a sampling team is familiar with a particular site, it
may be possible to predict the areas or samples that are likely to have the highest
concentration of contaminants. The equipment blank samples collected at CRREL
were taken after samples from high concentration areas were collected.

Equipment/rinsate blanks were collected through the ponar dredge sampler or hand
auger for sediment samples, through a hand auger for surface soil samples, through a
split spoon for subsurface soil samples, and through a bailer for ground water
samples. Rinsate blanks are collected at a frequency of one per day or one per
equipment type for each matrix, whichever is greater. Rinsate blanks were not

collected for sampling activities that used dedicated equipment to collect each
sample.

2.6.3.5.3 Field Duplicates. Field duplicates are two samples collected independently
at a sampling location during a single sampling event. The results of analyzing field
duplicates are used to assess the consistency of the overall sampling and analytical
system. Fiela duplicate samples are generally collected at a rate of 1 per 20 or fewer
samples per matnix. For BTEX and TPH sediment and soil samples, the field
duplicate was collected from a homogeneous mixture of sediment or soil in a
stainless steel bowl or on aluminum foil. For VOC sediment and soil samples, the
duplicate was collected immediately after the initial VOC sample and was take:t
directly from the sampling medium. For ground water samples, the field duplicate
was collected from the same bailer of ground water as the primary sample.

2.6.35.4 Field Blanks. Field blanks are exposed to field conditions by preparing the -

blanks at the sample collection site. Field blanks are collected at a rate of 1 per 20
field samples for each matrix.
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2.6.4 Analytical Data Quality Evaluation

In order to ensure that the environmental samples collected in support of the CRREL
Phase II RI represent the actual conditions in the environment, the sampling program
was designed to reduce analyte degradation, sampling vaniability, and cross
contamination.

Precautions were taken to prevent alteration of sample constituents, beginning with
the appropriate use of USAEC and EPA approved sample containers. Such
precautions were necessary to prevent changes that can occur in some samples due to
biodegradation from microorganisms, or the loss of volatile compounds with
increasing temperature. Samples were iced and refrigerated, and chemical
preservatives (HCL or HNO,) were added to decrease volatility of organic
compounds and control biological and chemical changes.

To reduce sampling variability we used standardized prccedures specified in the
QCP. This precaution helped us ensure that sampling was performed within the same
guidelines each time. Sampling variabi'ty is measured by taking duplicate samples of
the various types of environmental media. The precision of Arthur D. Little’s sample
collection and laboratory reproducibility is demonstrated when the analysis results for
the duplicate samples are within acceptable limits.

The quality of the sample collection process is also evaluated by means of trip, field,
and rinsate blanks. These sample blanks provide valuable data by monitoring the
sampling process for cross contamination. Trip blanks are transported along with the
empty sample containers being taken by the sampling team into the field. Field and
rinsate blanks are used to assess contamination introduced in the field environment
and by sampling equipment. When sampling is complete, the blanks are submiited
along with the field samples for laboratory analyses. A brief description of the
different types of QC samples and the information provided by each is provided in
Section 2.6.3, Quality Assurance/Quality Control.

2.6.4.1 Quality Control Results. A QC review was performed for method blanks,
field blanks, rinsate blanks, and trip blanks associated with the Phase II RI. This
discussion is intended to provide an evaluation of data quality based on method blank
and field QC data associated with all study areas.

Appendix K presents summary tables for all laboratory and field QC samples
analyzed in support of the Phase II RI. The tables present results by analytical
method and were used to identify any target analytes that appeared in the blanks.
Also, they are arranged by QC Type (method blanks and rinsate blanks).
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2.6.4.1.1 Laboratory QC Samples. Method Blanks were analyzed at the laboratory
with each lot of samples o evaluate if sample processing and analysis resulted in
contamination of samples. Method blanks were performed on both water and soil
samples. Results were reported for all the methodologies presented in Appendix K.

Volatile Organic Compounds (VOCs). Method blanks were run with each lot of water
and soil samples to determine if VOCs were being introduced.

Thirteen method blanks were analyzed in association with VOCS in soil Method
LM23. Only one compound was detected above the CRL, 1,1,1-trichloroethane, at
0.21 pg/g on a blank analyzed on September 1, 1993. This concentration is low
enough to not represent a potential for cross contamination.

Water method blanks were also checked for VOC contamination by Method UM21.
Twenty-one blanks were run at the laboratory. The following compounds were
detected above the CRL: methylene chloride at 1.60 pg/L on a blank analyzed on
October 6, 1993, 4-methyl-2-pentanone at 19.0 pg/L, and tetrachloroethane at

12.0 pg/L, both detected on one blank analyzed on September 3, 1993.

Naphthalene. M~thod blanks were analyzed to determine whether napthalene was
introduced during the sample preparation process. Water blanks were prepared using
Method UM25.

Naphthalene was not detected above the corresponding CRL values in any of the
water method blanks.

Benzene, Toluene Ethylbenzene and Xylene by GC. No BTEX were detected above
corresponding CRL values in any of the water or soil blanks that were analyzed.

Total Petroleum Hydrocarbons by GCIFID. No TPH were detected above
corresponding CRL values in any of the water or soil blanks that were analyzed.

2.64.12 Field QC Samples. QC samples were collected in the field to assess overall
precision, accuracy and representativeness of the sampling and analytical efforts. The
number of QC samples collected for this effort is based on the total number of field
samgles as established in the QCP. All results for these samples are presented in
Apperdix K and interpretation of them is summarized as follows.

Trip Blanks. A total of 41 trip blanks were submitted for VOC analysis. Twelve of

the trip blanks contained reportable concentrations of contaminants. Seven of the trip

blanks submitted during the period of September 30 through December 2, 1993, .
contained low levels o. TCE (1.40 to 4.10 pg/L). TCE was one of the compounds of :
concern and it was observed at high concentrations in samples contained in the
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coolers that accompanied these trip blanks; conceivably, these samples contributed to
these concentration levels. Toluene was also observed at low concentrations (1.30 and
1.50 pg/L), collected on July 22 and 27, 1993, probably due to high concentrations
present in samples contained in the cooler. Three of these trip blanks, submitted on
September 28 and 29, 1993, contained low concentrations (1.70 to 2.10 pg/L) of
methylene chloride.

Trichlorofluoromethane was found in the August 27, 1993 blank at 1.20 pg/L. The
presence of these two compounds is likely due to laboratory contamination and is not
a major concern. In addition, three blanks collected on August 20 through 27, 1993
had tentatively identified cyclic aromatic compounds at concentrations ranging from 5
to 50 pg/L. Overall, the trip blank contaminants were very few, relatively uniform,
and at very low concentrations, not at all unexpected.

Rinsate Blanks. A total of 33 rinsate samples were collected for the Phase II RI, at a
rate of 5 per week, ensuring that rinsate blanks were collected for all equipment used
for all matrices in this program (i.e., soils, sediments, surface water, and ground
water). Most of the contaminants found in the rinsate blanks are attributable to
background laboratory contamination. For example, acetone, found in two of the
rinsate blanks analyzed on October 1 and November 30, 1993, at levels of 21 and 32
pg/L respectively; and chloroform, found in the blank collected on June 24, 1993, at
a concentration of 1.4 pg/L, were probably due to the water used for rinsing. Toluene
and TCE were found at very low concentrations (1.60 and 2.20 pg/L) in the blanks
collected on August 26 and November 30, 1993. A high concentration of TPH-diesel
(150 pg/L) was observed in the blank collected on September 29, 1993. These three
compounds were observed at high concentrations in the samples collected on the
same days as the blanks. The source of these contaminants was investigated. Two
likely sources are the de-ionization process of the water provided by the laboratory
and the decontamination process in the field. It is very difficult to achieve complete
ecuipment decontamination without the use of solvents, as evidenced by the results of
the rinsate blanks. In order to safeguard against potential cross contamination, the
sampling staff implemented the practice of doing a second decontamination of the
equipment before sampling the next location. This procedure minimizes the
possibility of crosscontamination.

Field Blanks. Of the 11 field blanks collected, three had detectable concentrations of
contaminants ranging from 1.1 to 24 pg/L.. Chloroform was detected in the blanks
collected on June 24 and December 1, 1993. Because chloroform was detected in
rinsate blanks, the DI water provided by the laboratory is the most likely source of
this contaminant. Acetone was detected in the blank collected on December 1, 1993,
however, the presence of this compound is likely due to laboratory contamination and
is not a major concern. The blank collected on October 1, 1993, presented reportable
concentrations of the following compounds: 1,1,1-trichloroethane at 1.4 pg/L,
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m-xylene at 1.6 pg/L, benzene at 1.9 pg/L, and toluene at 5.8 pg/L. These four
compounds were observed at high concentrations in the samples collected on the
same day as this blank, therefore, we estimate that there was a cross contamination
potential.

Duplicates. Field duplicate samples were collected at a rate of 1 per 20 field samples.
Duplicates are differentiated from samples in the identification code. The duplicate
code is identical to the conjugate sample code except that the third digit in the
duplicate code is a "D". Overall, the duplicate samples indicate acceptable precision
for both water and soil samples. A summary of duplicate data is presented in
Appendix K.

2.6.4.2 Data Quality Evaiuation. Upon evaluation of the results of the field and QC
samples we have concluded that the results for the data quality objectives (DQOs)
given in the QCP for the data quality indicators (precision, accuracy,
representativeness, completeness, and comparability) provide evidence that the
program’s DQOs were achieved.

Precision - The analytical results of the field duplicates provided precision
information for the assessment of the variability associated with field activities, which
is a function of sample collection/handling as well as matrix homogeneity. All 17
field duplicates indicated acceptable precision for both water and soil samples.

Accuracy - This indicator was assessed as part of the USAEC control chart program.
These chars, which are maintained for each control analyte by plotting the recovery
of spiked QC samples, monitored the variations in the accuracy of routine analyses
and detected trends in the observed variations. Based on our data validation results
and the acceptance letters of the USAEC Chemistry Branch, the data generated to
support this study met the QCP accuracy objectives.

Representativeness - All sampling locations for the Phase II RI were selected using a
targeted sumpling design. Representativeness reflects this design and is maximized by
proper selection of sampling locations and collection of a sufficient number of
samples. The Work Plan provides a very exhaustive description of why samples were
selected.

Completeness - There was some loss of dita due to laboratory instrument failure and
the reporting of scveral data points as "GT  rather than diluting and reanalyzing the
sample. As discussed in Section 2.6.3.3.1, for this Phase IT RI, 24 anaiyte
concentrations for the VOC fraction (Methods LM23 and UM21) were reported as
GT. The samples where these concentrations were observed were resampled and
reanalyzed. In cases where resainpling was not possible, the estimated values were
used. In addition, 99 out of 194 feld and QC samples (51 percent) analvzed for
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TPH-GC/FID, failed to meet holding times. The TPH values for these samples will
be used as estimated. However, the goal of 90 percent completeness was met and
exceeded; 99 percent completeness was achieved.

Comparability - In order to increase the level of confidence with which this data set
can be compared to another, we ensured that our field team and laboratory wers
using the appropriate sampling methods, chain-of-custody procedures, USAEC and
EPA methods, adherence to QA/QC program, units of reporting, and cerrection of
measured values to standard conditions.

USAEC Data Validation. As specified in the CRREL QCP, the commander of the
USAEC is ultimately responsible for the quality of data collected in support of
Agency projects. This responsibility is delegated to the Chemistry Branch and
individual Project Officers/Project Chemists. The Chemistry Branch is responsible for
maintaining an active, ongoing system of QA/QC. A critical role of the Chemistry
Branch is to evaluate the quality of data generated by Contractor Laboratories --
DataChem Laboratories in this case. In addition, this branch monitored the effective
implementation of QA/QC at DataChem and reported these observations to the
Commander of USAEC and to Arthur D. Little.

An important tool employed by the Chemistry Branch to evaluate the quality of data
generated by Contractor Laboratories is the use of control charts. Basically, this
technique indicates when a measurements process that was in statistical control has
moved out of statistical contrci. In other words, it indicates that the measurement
process has not shifted, as would happen if a new standard were prepared incorrectly,
nor has the degree of variability shifted,such as might occur if an untrained analyst
wee io perform the determination. The control charts are transmitted to USAEC and
Arthur D. Little weekly. The control charts are reviewed by the laboratory
coordinator, analytical task manager, and laboratory QA staff before any data are
transmitted to USAEC IRDMIS data files. This process °s very sensitive, which is
why both the Arthur D.Little Project Chemist and the Chemistry Branch performed
an exhaustive review of all control charts genzrated by DataChem. When out of
control situations were detected, they were investigated and corrected. No data were
rejected due to poor performance.

In order to monttor the QA/QC activities of the laboratory to ensure conformance
with authorized policies, procedures, and sound practices, Arthur D. Little conducted
one laboratory audit and one site visit. A comprehensive laboratory audit was
performed on September 13 through 14, 1993; the Sample Receiving Area, the
Organic Preparation, the Volatile organic Analysis, and the Semivolatile Organic
Analysis laboratories were perceived as areas potentially in need of improvement. the
site visit was conducted on December 14, 1993, with the participation of the TEPS
Program Manager, a Project Manager, and a Praject Chemist. The focus of these
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activities was to discuss with laboratory personnel the circumstances that affected
their ability 10 meet the milestones stipulated in the contract, and the data quality
deficiencies observed during the last quarter of 1993. The specific issues addressed in
these audits are presented in Appendix K.

Arthur D. Liule’s Data Validation. As we specified in the QCP, 10 percent of the
data generated in this study was validated using the USAEC guidelines presented in
the USATHAMA QAP (1990). The packages were chosen to cover a broad range of
analyses and matrices. The Arthur D. Little Chemistry Group assessed these packages
for completeness of the documentation provided, adherence to the analytical methods,
adherence to the USAEC QC requirements, and acceptability of QC data. They also
provided a technical review of the data and verification of the calculation procedures.
A form similar to that contained in Appendix T of the 1990 USAEC Quality
Assurance Program was used by the validators to present their results.

The validation process for the data generated to support the Phase 11 RI demonstrated
that the program met th- DQOs. No major deviations or problems were noted. Some
observations were made sy our validators that revealed a need for the laboratory to
improve their documentation practices and to provide necessary raw data to reproduce
their calculations. Raw data for daily calibration and acceptance criteria were missing
from several data packages. Errors were also noted in entry of dates on the IRDMIS.
Some discrepancies were also noted between flagging codes recommended in
acceptance letters and those noted on the IRDMIS printout contained in the data
package. The Quality Assurance Status Report, which discusses control chart results,
was also missing from data packages. However, none of these occurrences were
significant enough to jeopardize the integrity of the data. In addition, these issues :
L were presented to the laboratory and appropriate corrective actions were taken and ;
) were fully documented to avoid reoccurrence.

3 tnrac o

2.7 Investigation-Derived Waste

' Investigation-derived waste is any waste generated during the implementation of the
field investigation. This waste may include drilling fluids, drill cuttings, j
: decontamination fluids, development water, and purge water. All waste generated at
CRREL was containerized in 55-gallon DOT-approved drums at the area of
collection.

The containerized material was field screened to determine if it should be treated as

; _ potentiaily hazardous material. A sample of the waste was placed in a one-half pint
i jar. The mouth of the jar was covered with aluminum foil and capped with the jar’s s
v lid. After agitation, the lid was removed and the tip of the Microtip PID indicator

was inserted through the foil cover into the sample’s headspace. The headspace of the
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material was documented in a logbook and on the 55-gallon drum. If the headspace
was less than 5 ppm, then material was considered to be non-hazardous waste. If the
headspace was greater than 5 ppm, then the material was considered to be potentially
hazardous.

Nonhazardous waste was disposed of at locations designated by the CRREL facilities
engineer. Nonhazardous drilling fluid waste and decontamination water was disposed
of at the southern end of CRREL pond. Nonhazardous native soil was disposed of at
the northeastern end of CRREL pond. Nonhazardous well development water and

purge water was allowed to infiltrate back into the ground near the point of removal.

Material that was considered to be potentially hazardous was contained in 55-gallon
drums, labeled, and temporarily stored at a fenced concrete storage area near the
northwest boundary of CRREL. Each drum was labeled with the site location ID,
sample date, PID screen results, and media type. At the end of the drilling and soil
boring program, a total of 115 drums contained potentially hazardous waste. For the
purpose of sampling, the drums were placed into one of 25 groups based on similar
location, media type, and screening results. Each drum was sampled individually and
composited, based on the group designations, by the contract laboratory. All
composites were analyzed for toxicity characteristic leaching procedure (TCLP)
VOCs to determine if leachable hazardous constituents were present. In addition,
composite samples from the three groups of drums containing the highest PID
screening values were analvzed for the full suite of TCLP analytes (metals,
semivolatiles, PCBs, and pesticides).

Appendix L presents TCLP results for the investigative-derived waste. Based on these
results, the waste is classified as nonhazardous as specified by the criteria listed in 40
CFR 261. The waste was disposed of at an on-site location designated by authorized
CRREL personnel. This task was performed by Clean Harbors, Inc., of Hooksett,
New Hampshire, under the supervision of Arthur D. Little.

No hazardous waste was generated during this investigation.

2.8 Decontamination Procedures

All non-disposable invasive and chemical sampling equipment was decontaminated
prior to and after use at each drilling or sampling location. The following is a
description of the specific methodology used for decontamination.

ArthaerD Little 6708361TEPS siwportr_pton0¥174  2-63
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Driiiing and Boreliole Geophysical Survey Equipment

All drilling and borehole geophysical survey equipment (drill rig, augers, core barrels,
drilling assembly, and geophysical instruments) were decontaminated at the
decontamination pad located near the Ice Engineering Facility’s loading dock.
Decontamination consisted of steam-cleaning the equipment until the equipment was
visibly clean. Water used for steam cleaning originated from well CECRLO3, which
was certified as a suitable source (i.e., free of VOCs) prior to the field investigation.
Spent water was retained on the decontamination pad and pumped to 55-gallon
drums.

Soil/Sediment Sampling Equipment

All soil sampling equipment (split spoons, hand augers, dredges, and stainless steel
trowels, spoons, and bowls) were decontaminated between each soil sample. The
decontamination procedure consisted of three steps. First, all dirty equipment was
scrubbed in a 5-gallon buckst until visibly clean. A second scrub was then given in
another 5-gallon bucket. Water used for both scrubs was derived from well
CECRLO3. The third step consisted of a thorough rinse using commercially available
distilled water. All equipment was allowed to air dry.

Ground Water Sampling Equipment
All ground water sampling equipment (pumps, hose, and bailers) were

decontaminated between each well. The pumps and hose were decontaminated by

passing clean water through the equipment and by a thorough wiping of the exterior

of the equipment. This was accomplished by setting up two 55-gallon drums -- one

filled with water from well CECRLO3, and ¢ ne empty. The pump was placed in the

clean water and the discharge hose was placed in the empty drum. The pump

operated until approximately 25 gallons had passed through the hose. The bailers

were decontaminated by scrubbing vigorously with commercially available distilled

water.

e

e b s
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3.0 Physical Characteristics of the Study Area

This section presents the physical characteristics of CRREL and vicinity. The purpose
of this section is to establish the basis for a conceptual site model to explain the
distribution of known site contaminants and their potential for continued migration.

3.1 Surface Features

CRREL is located in the upper Connecticut River Valley on terraced unconsolidated
glacial deposits. Despite modification of the topography by development, CRREL has
three main terraces at elevations ranging from 520 feet to 460 feet above mean sea
level (msl). The eastern third of CRREL is located on the upper terrace and contains
AOCs 1, 2, 3, 4, 5,9, and 14. The upper terrace slopes gently down to the west. The
middle terrace is very narrow (generally less than 100 feet) and covered by asphalt. It
contains AOCs 6, 7, 8, and 13. At 460 feet above msl, the lower terrace is very flat
and extends westward to the western border of CRREL. The lower terrace contains
AOCs 10, 11, 12, 15, and 16. A steep escarpment drops approximately 80 feet to the
Connecticut River 50 to 150 feet west of the CRREL property line (Figure 2-1).

Most of CRREL is covered by either buildings or pavement. The Child Care Center,
the Main Laboratory building, the Facility Engineering building, and the Logistics
and Supply building are located on the upper terrace. Aside from two storage
buildings, the middle terrace is covered bty an access road ard parking lots. The
CRREL greenhouse, the FERF, the Geophysical Research Facility, the Ground Water
Treatment Facility, and storage yard are maintained on the lower terrace. The lower
terrace also contains five production wells (CECRLO1 through CECRLOS).

The only body of surface water at CRREL is a small pond located in the extreme
southern end of the lower terrace. The pond is approximately 100 feet by 50 feet. In
the late 1980s, the pond was constructed to serve as a holding area for urea water
utilized by the Ice Engineering Facility in testing of a sea ice model. In order to
contain the materials placed in the pond, a clay liner was constructed and a clay berm
was built along the southern boundary to dam the remnants of a stream that once
flowed along the lower terrace. Soon after the pond’s construction, however, the urea
discharge was discontinued and the only input to the pond was derived from site
runoff. After the spring floods each year, approximately 100,000 gallons of this
runoff mixture is pumped from the pond and discharged into the Connecticut River
via the storm drain system. This process continues to be used to control the water
level in the pond.
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3.2 Climate

The climate in the vicinity of CRREL is characterized as humid and continentai, with
four distinct seasons and fairly extreme temperatures. The variable conditions are
caused by the in:luence of marine and continental air flows, from polar and tropical
air masses. The prevailing wind direction and annual mean wind speed is southeast at
7 miles per hour (U.S. Department of Commerce, 1979). As measured by the
Hanover meteorologica! station, the 30-year mean monthly temperature ranges from
18.2°F (January) to 69.5°F (July), with an annual mean temperature of 44.9°F
(Naticnal Climatic Center, 1983).

The normal annual precipitation is 36.67 inches, with 2.74 inches occurring during
the month of January and 3.3 inches occurring during the month of July (National
Climatic Center, 1983). The 2-year, 24-hour rainfall record is 2.5 inches (U.S.

Department of Commerce, undated). The mean annual total snowfall is 80 inches.

3.3 Surtace Water Hydrology

The Connecticut River drainage basin encompasses an area of 4,092 square miles,
with a discharge that ranges from 82 ft’/sec to 136,000 ft’/sec. At the West Lebanon
gauging station, located 5.6 miles downstream of CRREL and below the point of
confluence with the White River, the average discharge of the river is calculated at
7,121 fcfsec (Blakey et al., 1989). The average discharge at a location approximately
S miles upstream of CRREL is estimated to be 4,900 ft'/sec (Hodges, et al., 1976).

The water level of the Connecticut River near CRREL is controlled by the New
England Power Company dam at Wilder, Vermont. The dam is located 4.5 miles
downstream of CRREL. The reservoir produced by the dam extends 30 miles
upstream to the Piermont-Haverhill, New Hampshire area. The normal residence time S
of water in the reservoir ranges from two to five days, depending on discharge rates
at the dam. Under New England Power Company’s operating permit, the reservoir
elevation is maintained between 380 and 385 feet above msl. The water level in the
reservoir normally does not fluctuate more than 1 foot a day, with drawdown
occurring during peak power usage (Wehran, 1991).

- - "o

Surface water drainage at CRREL is generally from east to west. Most of the surface
water runoff is collected by CRREL’s storm sewer system (Figure 3-1). This system

is augmented by drainage culverts and swales. However, in the vicinity of production i
well CECRLO3, drainage is to the south in a ravine that runs parallel to the east side -4
of the esker ridge (EPIC, 1991). The storm sewer system also handles spent : LY
refrigeration and cooling water from the various engineering laboratories. This water @ L é
originates from the production wells (CECRLO1 through CECRLO5) on the lower I
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terrace. The vast majority of storm water and all of the production water is ultimately
discharged, through the CRREL storm sewer system, to the Connecticut River via a
single outfall. CRREL has estimated that, on average, 365 million gallons of cooling
water and 23 rzillion gallons of storm water are discharged through the storm sewer
system to the Conneciicut River on a yearly basis. All other waste water is
discharged to the municipal sewer system operated by the Hanover Water Company.

As previously mentioned, the only body of surface water on CRREL is a small pond
located at the southern end of the lower terrace near production well CECRLO3. This
is an artificial pond, built to limit surface water runoff io ihe south. The pond
receives surface water runoff and water from the Ice Engineering building. Water
from this pond is periodically pumped to the Connecticut River via the storm sewer
system.

3.4 Geology

This sectiun describes aspects of the geology of CRREL and vicinity that may be
important to determining routes of contaminant migration both to off-site receptors
and between various CRREL AQCs. Information used for this site-specific geologic
description and interpretation is derived from boring logs from boreholes and wells
drilled as part of this remedial investigation and previous CRREL engineering
activities (including those related to the construction of the FERF and supply wells),
as well as several geophysical surveys and bedrock coring activities previously
described in Section 2.0. Geologic information used for the general study area across
the river in Vermont is derived from previous investigations. General geologic
background information, including information on the regional geologic setting, is
derived from a synthesis of academic papers.

The geology of CRREL consists of two main geologic units -- the overburden i
sequence and the bedrock. The overburden consists entirely of glaciofluvial and
glaciolacustrine sediments. Figure 3-2 is an isopach map of the overburden thickness.
The bedrock consists of poly-deformed metasedimentary rock. Figures 3-3 to 3-6 are
geologic cross sections across CRREL and vicinity. These cross sections are based on
logs from wells and soil borings, and geophysical data collected during the RI field
investigation.

The general study area outside of CRREL includes the Connecticut River and a
portion of Norwich, Vermont, adjacent the river. Figure 3-7 is a geologic
cross-section and plan view map of the geaeral study area. This portion of the cross
section, west of the Connecticut River, is based on information provided from two
ground water investigation reports (Wehran, 1991 and The Johnson Co., 1993) under
the authority of the VTDEC.
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3.4.t Overburden Geology

Specific background information regarding the regional glacial history is derived

from Stewart (1961) and Stewart and MacClintock (1969). Most of the glaciofluvial

: and glaciolacustrine sediments that comprise the overburden geology at CRREL and

2 vicinity were deposited during advance and retreat of the Shelburne State of the

: i Wisconsin period. The glacial advance, which occurred approximately 20,000 years i
* ago, was associated with glaciofluvial deposition. This deposition was generally '
restricted to the axis of the Connecticut River Valley. The glacial retreat, which

occurred approximately 13,000 to 11,000 years ago, was associated with

glaciolacustrine deposition, in conjunction with the local deposition of ice-contact till

during intermittent re-advances of the ice sheet. However, no till units have been

documented at CRREL.

i
;
%
;

£ 3.4.1.1 Giaclofiuvial Units at CRREL. Glaciofluvial sediments at CRREL were :
‘?% deposited in a subglacial stream. Esker deposits, originating from streams or rivers
: located within or beneath a glacier, result in deposits with a unique sedimentary
composition and geomorphic expression. Glacial fluvial systems are typically
high-energy environments so that fine detrital material is washed from the stream
] channel, leaving a relatively coarse-grained and chemically immature (i.e., diverse
( mineralogy) sand component in the channel. For fluvial systems that are surrounded
by ice, sharp geologic contacts typically exist between the channel deposits and other
deposits. The map pattern geometry of eskers is typically sinuous, similar to typical i
non-glacial fluvial systems, but can cross topographic boundaries such as hills and ‘
valleys.

A major esker passes through the western border of CRREL. The esker underlies
AOCs 10, 11, 12, 15, and 16. The esker is SO miles long, extending from Bradford,
Vermont, north of CRREL to Whiie River Junction, Vermont, south of CRREL. The
esker crosses the Connecticut River approximately 3,500 feet north of CRREL and
continues south on the New Hampshire side of the river for several miles.

Based on topographic expression and giologic logs, the esker is approximately 400 "
feet wide at CRREL (Figures 3-4 and 3-5). Immediately southwest of the CRREL i
boundary, the esker is exposed and forms a ridge. Within the property boundaries of 4
CRREL, the esker deposits are buried beneath younger glaciolacusirine silt and clay.
Esker deposits are documented as far east as wells CECRL03, CECRL17, and
CECRLI19. The contact between the overlying and adjacent lacustrine sediment is
extremely sharp, based on boring logs associated with these wells. The thickness of

the esker deposits is approximately 60 feet and, where present, rests directly on
bedrock.

m D m 6708381 TEPS.rireport.ri_ipt.tu.03/17/94 3-11
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The esker deposits have USCS Classifications of SP and SW and consist of densely
packed fine to coarse sand. The sand typically has a salt and pepper color, refiecting
a chemically immature mixture of quartz, feldspar, and dark metamorphic and
igneous rock fragment grains. Thin layers of gravel (>1 foot) have becn documented
in logs from CECRL17 and CECRL19 (Appendix G).

3.4.1.2 Gilaciolacustrine Units at CRREL. Glaciolacustrine sediments at CRREL i
were deposited during the for.nation of a glacial lake (Lake Hitchcock) that formed :
as melt water from the glacial retreat was dammed by a moraine in the Connecticut
Valley near Middletown, Connecticut. The stratigraphy of glaciolacustrine sediments
is complex and highly dependent on the geomorphology of the lake and the
availability of proximal sources of sediment. In general, the lacustrine stratigraphy
consists of thin beds ranging in composition between clay and fine sand, interbedded
with thicker beds of sand. The varied, thin beds represent seasonal deposition cycles,
while thicker sand beds were deposited in a deltaic setting from sources near the
lake.

S

e o s = i

Sediment of glaciolacustrine origin are present at ail locations at CRREL. West of the
lower terrace access road, the lacustrine deposits overlie the esker. At the remainder ‘
of the site, the lacustrine deposits comprise the entire overburden stratigraphy. The {ID
stratigraphy of the lacustrine sediment consists of three main units: a fine silty sand, '
a silt, and a silty clay. Figures 3-4 to 3-6 show the distribution of the major

lacustrine units. Table 3-1 shows the results of geotechnical analyses (particle size

distribution and Atterberg Limits) on selected samples from each of the lacustrine

units.

The fine silty sand (SM) is the basal lacustrine unit for the eastern two-thirds of
CRREL. The unit is predominately composed of brown, fine silty sand, but

e e
2o

o

s add e SR

3 ) frequently contains laminations of silt of medium sand. Samples of the SM unit have K
compositional ranges of 66 to 87 percent sand, 13 to 29 percent fines (silt and clay), R |
i and O to 5 percent gravel (Table 3-1). Based on available data, this unit has a i iy
maximum thicknzss of at least 160 feet (CECRLO07). Borings on the lower terrace of i
g . CRREL (CECRL12, CECRL17, CECRLI19, and 15SB2) indicate a dramatic decrease e
0 1) in the thickness and stratigraphic persistence of this unit. At the position of the lower S

terrace access road, this unit is approximately 15 to 20 feet thick, and directly
overlies the esker deposits (Figure 3-4). West of this road, the SM unit is interbedded
with other lacustrine deposits. The geometry, composition, and bedding features
present in these units suggest a deltaic origin from a source east of CRREL.

The silt (ML) overlies the SM unit and esker deposits at CRREL. This unit is

composed of olive gray to yellowish brown silt typically interbedded with layers of .
fine sandy silt. The layering between these two silt units varies from less than 1 inch @
to several feet. Samples of the ML unit have compositional ranges of 0 to 79 percent
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Table 3-1 Geotechnicsl Anslysis of Soll Samples

CECRLO7 $3 13-15 () 1 % 2 27 2 cL

CECRLO7 S8 2% () 4 96 2 2 3 cL
( CECRLO7 S14 150-182 0 & 13 - - - SM
i CECRLO? S17 17451785 0 ” > = = -~ SM
i CECRLO8 82 3840 5 e 2 = = = SM '

CECRLOS sS4 781 0 72 ] - - - SM i
f CECRLOS 87 1390141 1 » 2 - - - M |
’ CECRLO® 82 385405 1 0 % 30 26 4 M. }

CECRLO® S4 785805 1 » €0 23 21 2 ML

CECRLO® S8 139141 ] ® 1" - - - SM ’

CECAL10 CX] 5860 . > ® NP NP NP M

CECRL10 S5 98-100 () 58 “ NP NP NP M

CECRL10 S7 124128 () 84 16 - = - SM

CECRL11 S1 1820 () 10 %0 2 2% 3 M

CECAL11 82 3540 2 0 96 0 2 12 M

CECAL11 s3 58-60 0 4 %6 2 25 4 M

- CECAL11 s7 11851205 () » 21 - = - M
( CECAL12 $5 2545 13 0 7 - - - SW-SM

CECRL12 S8 755 48 "] ‘4 - - - swW

CECRL12 $12 575805 () Y 6 - - - sP

CECRL17 NIBX001 2729 00 25 975 NP NP Ne ML
: CECRL17? NIBX002 6264 00 00 100.0 NP NP NP ML

CECAL19 51BX005 6760 00 a7 96.3 NP NP NP M

CECAL19 51BX006 9204 00 97 0.3 NP NP NP M

2385 21BX007 24 10 242 748 NP N NP M

2588 218X006 17-19 00 53 047 NP NP NP M

9582 91BX005G 3041 21 a7 4.2 NP NP NP M

13883 31BV13G 3537 00 00 100.0 NP NP NP ML

13584 31BX019C 3537 00 00 1000 NP NP NP M

15582 518X005 14-18 00 828 174 NP NP NP SM

Notwes:

*  Detafor CECRLO7-12 modifled from Ecology and Environment, Table 6-1, Phase | Ri (1982)

* Based on the Unified Soll Classifcation System (USCS) 4

ML dayey sike/silty or dayey fine sands 7 18

SM ailly sands

SW well-graded sancs/gravelly sandis with race of silt

SP poorly-graded sands/gravelly sands

NP non-plastic 3

SW-SM gravelly sand with race of skt {,

Arthur D Little 700081 TEPS siesponA_pion0317ms  3-13
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sand, 21 to 100 percent fines, and 0 to 3 percent gravel (Table 3-1). Boring logs
indicate that the thickness of the ML unit varies between 20 feet (CECRLO7) and 110
feet (CECRL17). In general the thickness of the ML unit increases from east to west
across CRREL, reaching a maximum thickrz-= in the vicinity of the lower terrace
access road, where it directly overlies esker deposits (Figures 3-3 and 3-4).

Various silty clay to clay units (CL) occur within both the SM and ML deposits.
Within the SM unit, layers of CL are thin (approximately 1 or 2 feet) and have only
been documented at CECRL10. Within the ML unit, the CL lithologies occur
frequently and range in thickness between 10 and 40 feet. The CL lithologies are a
major component of the ML stratigraphy in the vicinity of AOC 15, and in parts of
AOC 9 and AOC 13.

3.4.2 Bedrock Geology

The bedrock beneath CRREL consists of metasedimentary rock of the

Cambro-Ordovician-age Post Pond volcanic member of the Oxfordville Formation

(Lyons, 1955). These rocks were formed from volcanic detritus that was subsequently
metamorphosed during the Taconic Orogeny, and today occur as multiply deformed

homnblende schist, amphibolite, and feldspathic schist. Bedrock coring at five
locations (CECRL13, CECRL14, CECRL1S, CECRL16, and CECRL18) indicates (! )
that bedrock beneath CRREL consists of amphibolite and paragneiss.

The primary mineralogy of the amphibolite is hornblende (.mphibole) with minor
amounts (typically >10 percent) of plagioclase and biotite. These minerals are
segregated into bands that define the dominant foliation. Partial alteration of
hornblende to chlorite gives the rock a greenish-black to grayish-black appearance.
Amphibolite is the dominant type of bedrock at each coring location, except
CECRLI16.

The primary mineralogy of the paragneiss is plagioclase, quartz, hornblende, and
bictite. The dark minerals (hornblende and biotite) and light minerals (plagioclase and
quartz) are segregated, resulting in a strongly defined foliation. Gradational contacts
between zones of paragneiss in amphibolite occur at CECRL14, CECRL1S, and
CECRL18. At CECRL16, paragneiss was the only bedrock cored, but it was not
present at CECRL13.

3.4.2.1 Structural Features. CRREL is located immediately east of a major normal
fault, known as the Ammonoosic Fault. In the vicinity of CRREL, the Ammonoosic
Fault parallels the west bank of the Connecticut River and is oriented approximately
N20E, dipping 30° to 50° to the west (Gatto and Shoop, 1991). Based on reorted
characteristics of the Ammonoosic Fault, it is quite possible that splays of% of the
fault intersect the bedrock beneath CRREL.

708201 TEPS srepont.A_yLta DY 17/0¢ 3-14
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Structural fabrics in the rocks include the dominant foliation and one set of conjugate
fractures oriented at a high angle to the dominant foliation. In the vicinity of CRREL
the orientation of the dominant foliation ranges between N20E and N4OE and dips
20° to 50° to the west (Figure 3-7, Plan View). It is defined by the realignment,
zonation, and recrystallization of mineral groups. Although this is the most pervasive
structural feature in the bedrock at CRREL, open fractures paraliel to the foliation are
absent. Fractures parallel to the dominant foliation are annealed by recrystallized
quartz, calcite, and pyrite. Most of the conjugate fractures are also annealed with
similar secondary mineralization.

The location, orientation, and special features of open water-bearing fractures are !
described in Tatle 3-2. In general, these fractures are rare, occurring only 2 or 3 \
times over a 10-foot interval. Most of the open fractures occur as isolated single

fractures, typically less than 0.5 cm thick. The one exception i< a 0.3-foot thick open

fracture zone at CECRL16. Iron staining is the most common weathering feature

present on the surfaces of all open fractures.

}
'.
i
|
¥
;
n
&

Figure 3-8 is a graphical representation of the 14 water-bearing fractures documented

in the cores, plotted on an equal area net. The poles to the planes of all of the
( ' fractures were contoured to illustrate the density distribution (in percent per 1 percent
i area) of the data. Two fracture orientations were determined from the contoured data
-- the most common orientation of the water-bearing fractures, and the orientation of
the largest water-bearing fracture from CECRL16. The vast majority of the fractures
define a plane that strikes N53W and dips 46 E. However, the major fracture zone at
CECRLI16 strikes N35E and dips 38 E, and may represent a conjugate fracture to
those oriented parallel to the dominant foliation. 4

A fracture trace analysis, field outcrop study, and borehole geophysical study was

hi performed by The Johnson Company on the west side of the Connecticut River. ﬁ
Based on the fracture trace analysis and field outcrop study, the strongest fracture set 3

; has an orientation striking east-southeast. The second fracture set strikes
south-southeast (Figure 3-7). The borehole geophysical investigation identified
water-bearing fractures in the Peacock, Goodrich, and Britton wells, however, the ;
orientation of the fractures were not determined in this study. 1

3.4.2.2 Bedrock Surface. Figure 3-9 is structural contour map of the bedrock
surface beneath CRREL. Based on available borehole and geophysical data, the
majority of CRREL is located on top of a buried asymetric bedrock valley. The
relatively shallow sloping eastern edge (0.09 feet/foot) of the valley is bordered to the
cast by AOC 2. East of AOC 2, the bedrock topography is flat, located at an
elevation of approximaely 340 feet above msl. The valley itself rests at an elevation
between 290 and 270 feet ahove msl. The axis of the valley is oriented north-south
beneath CECRL16/17 at the northern boundary, AOC 15 in the center of CRREL,

Arthor B Litde DRI ST A
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Table 3-2: Occurrence, Orientation, and Description of Water-Bearing Fractures

CECRL13 1 182.5-186.0 No Orientation Data
[203.0-193.0] 2 18601910 No Orientation Data
3  191.0-196.0 191.7 at N22WR21N Moderate Iron Staining
193.6 &t NSAW/SIN Heavy iron Staining
194.7 at NSOW/SON Heavy Iron Staining
4  196.0-201.0 198.9 at NS3W/S0N Moderate iron Staining
5 201.0-206.0 No Water-Bearing Fractures
. CECRL14 1 2325-2375 No Orientation Data No Water-Bearing Fractures
|247 -7 0] 2 J[I5-2425 240 1 8l NSSEBW Shcnetsioes 8 lron Staining
3 24252475 No Water-Bearing Fractures
4 24752525 248.8 at N66W/SON Light Iron Staining
5 25252675 255.7 at W/32N Light lron Staining
CECRL15 1 168.0-173.0 No Orientation Data
[180.3-190.3] 2 173.0-1780 177.1 at NASW/44N Light Iron Staining
3 178.0-1830 No Water-Bearing Fractures
4 183.0-188.0 183.7 at N48W/40N Moderate Iron Staining
184.5 at N72W/43N Light lron Staining
5 1880-'93.0 168.8 at N10E/60E Light Iron Staining
CECRL16 1 177.5-1825 No Orientation Data No Water-Bearing Fractures
[190.0-200.0] 2 1825-1875 No Water-Bearing " actures
3 1875-1525 No Water-Bearing . .actures
4 1925-1975 195.2 at N35E/38E Major Water-Bearing Zone,
(0.3 ft thick). Heavy Staining
5 19752025 No Water-Bearing Fractures
CECRL18 1 176.0-181.0 No Orientation Data No Water-Bearing Fractures
[190.0-200.0] 2 181.0-186.0 No Orientation Data No Water-Bearing Fractures
3 186.0-191.0 No Water-Bearing Fractures
4 191.0-196.0 No Water-Bearing Fractures
5 196.0-201.0 198.5 at NSOW/44N & Light fron Staining
N41E/3SE Light iron Stairing
Notes:

All depths reported in ‘eet below ground surface
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andﬂwpmdaxﬂwsouﬂnemendofCRREL.ﬂwwcmmedgeofdwbedmckvdlcy
trends north-south and is very steep (up to 1.9 feet/foor), reaching a maximum
elevation of approximately 400 feet above ms] near well CECRL12. The geophysical
survey has defined this bedrock ridge as far south as the present location of the
Ground Water Treatment Facility, but the total southem extent of the ridge beneath
CRRELisnotknown.Thepmnouncedasynmuyofﬂnevalley,producedbyboth
significant differences in gradient and vertical relief between the east and west slopes,
was probably formed by Wisconsin glaciation; however, a structural origin

(e.g., fault-related) cannot be dismissed.

Between wells CECRL1S and CECRLI14, a steep (0.3 feet/foot) southwest dipping
slope is projected. Bedrock at CECRL14 is at the lowest ¢levation (277.7 feet above
msl) documented on the site. The origin of this depression may be a kettle hole.

3.5 Solls

As documented by the Connecticut River Basin Coordinating Committee (1970) and
the USDA Soil Survey of Grafton County, New Hampshire (1939), the soil types that

{ characterize the CRREL site are of the Hadley-Winoski-Windsor association. These
are deep, well-drained, moderately well-drained, and excessively drained soils having
silty and sandy textures. CRREL soils, from east to west across the site, consist
primarily of the Hitchcock silt loam (8 to 15 percent slope), the Hitchcock silt loam
(15 to 60 percent slope), and the Windsor loamy fine sand (15 to 60 percent slope),
respectively (USDA, 1939).

{ roumar

Lo The Hitchcock silt loam (15 to 60 percent slope) consists of decp, very well-drained 5
| soils that are silty on terrace escarpments along the Connecticut River Valley.
B Included within this soil are areas of moderately drained Dartmouth soils on narrow
* H benches, poorly drained Binghamville soils on narrow ravine floors and at the base of
‘ slopes, and excessively drained soils that occur at the intersection of escarpments and
] strata of contrasting material (USDA, 1939).

¥ A typical sequence of the Hitchcock silt loam series is as follows:

0 to 6 inches: brown silt ioam

B 6 to 8 inches: gray silt loam :
i 8 to 13 inches: light olive brown silt loam =
N 13 to 19 inches: light yellowish brown silt loam '
19 to 31 inches: grayish-brown silt loam
31 to 65 inches: olive gray silt

Arther D Little 0B TEPS oo A_procoizes  3-10

5 o f}.. _;m,‘.‘,” \‘S% K

C e oy kL

er 55 T e s 1.




CRREL: RI Repont

Section No.: 3.0
Revision No.: 1
Date: March 18, 1994

The Windsor series consists of very deep, excessively drained soils of glaciofluvial
land formations. These formed in glacial outwash deposits of sands and loamy sands
derived mainly from crystalline rock. In undisturbed areas, a 2-inch thick, very dark
and grayish brown ioamy sand surface is often observed. The subsoil of this series
from 2 to 20 inches is brown and yellowish brown loamy sand and changes to light
yellowish brown sand from 20 to 24 inches. The substratum at a depth of 24 to 65
inches consists of pale brown and light, brownish gray, loose stratified sand (USDA,
1939). |

Due to the extensive construction activities at the CRREL site, most of the native soil
has either been paved over or reworked by construction crews. As a result, the areas
of undisturbed native soil have diminished and it is doubtful that significant sections
remain.

?
;
;
¥
i

3.6 Hydrogeology

This section describes the hydrogeology beneath CRREL and the west side of
Connecticut River for the area around the Goodrich and Peacock residential wells.
Information on the site hydrogeclogy is based on the following data:

Hydrogeologic cross sections across CRREL and vicinity (Figures 3-4 to 3-6)

* Several rounds of ground waier measurements from on-site monitoring wells,
including monitoring of river-ground water response, and contemporaneous
ground water measurements at the Goodrich and Peacock wells by personnel
from the State of Vermont

» In situ permeability tests at the on-site monitoring wells

These data aid in defining the major hydrostratigraphic units, deicrmining horizontal
and vertical flow direction/gradients, and estimating ground water flow velocities,
respectively.

3.6.1 Hydrostratigraphic Units

Figures 3-4 to 3-6 show the occurrence of giound water within the geologic units at
CRREL. Across most of the site, the water table is located within the glaciolacustrine i
units. However, at the western edge of the site, the water table occurs in bedrock. .
Therefore, with the exception of the lacustrine clay unit (CL), ali of the geologic
units discussed previously in Section 3.4 occur within the water table aquifer. The
hydrostratigraphic units fall ints two main categories -- unconsolidated deposits and
bedrock.
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© e b A




CRREL: RI Report

Section No.: 3.0
Revision No.: 1
! ( Date: March 18, 1994 ,

Although the unconsolidated and bedrock units are hydrologically connected, there is
a significant difference in the manner and rate at which ground water moves in each.
Ground water moveinent through the unconsolidated deposits occurs in the pore
space between grains and is considered to be isotropic over short distances. Ground
water over most of the site occurs within the fine silty sand (SM) unit and the fine to
coarse sand (SP/SW) deposits of the esker. However, beneath the lower terrace
access road, overburden ground water also occurs in the fine sand silt (ML) unit.

Ground water movement through the bedrock occurs along discrete fractures, with
the net ground water movement determined by aquifer potential. Ground water :
occurs in the bedrock throughout CRREL. ;’

The lacustrine clay unit (CL) is located above the ground water table, but locally
contains perched water, especially on the lower terrace near the northern boundary of
the site. Similarly, perched water is also documented in the sandy to clayey silt (SM)
at the center of the site along the lower terrace access road. The occurrence of
perched water may be due to a combination of several factors, including the presence
of a drainage swale along the east side of the access road, leaks in storm sewer lines
located along the west side of the access road, or the residual effects of an

( intermittent stream that was buried during construction. Perched water will eventually
migrate to the regional ground water table.

3.6.2 Ground Water Fiow Directions and Gradient in Overburden at CRREL
Ground water flow in the water table aquifer was determined from three rounds of
measurements (August 23, September 27, and November 29, 1993) at all of the

; on-site ground water monitoring wells during the Phase Il investigation. Table 3-3

i shows the elevations of the water table during five rounds of measurements between i

March 1992 and November 1993. Since all rounds of measurements are similar, the f
discussion below focuses primarily on data from the September 27, 1993 round of "
measurements.

Figure 3-10 is a water table contour map based on measurements collected on
September 27, 1993. Data used for the construction of this map are from those wells
screened closest to the water table. With the exception of CECRL17, these consist of
all of the overburden wells (CECRLO7 to CECRLI11, CECRL19, and CECRL20) and
L bedrock well CECRL12, as the water table occurs in the bedrock at this location.

i o Overburden well CECRL17 was not used in the construction of the water table :
contour map because we believe that water levels in this well are affected by perched 4
water infiltration, producing anomalous high water levels at this well. To construct i
the map we replaced CECRL17 data with data from CECRL16, the adjacent bedrock o5
well. During the September round, the only production wells actively pumping were
CECRLO1 and CECRLO3. This was the most typical pumping scenario at the
CRREL well field during the Phase 11 field investigation.
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Across most of CRREL, overburden ground water flow is in the fine-medium grained
sand, silty sand, and clay units of the lake sediments, and the medium-coarse grained
sand of the esker. Ground water flow in the lake sedimznts is to the west with
progressively decreasing horizonta: hydraulic gradients to the west. For the
September monitoring round horizontal hydraulic gradients, expressed as a
dimensionless ratio, decreased from 0.006 feet per foot (0.006) between CECRLO7
and CECRLO8 to 0.003 between CECRL0O9 and CECRLI11.

Within the esker, ground water flow is less defined because of the absence of
menitoring points, but evidence discussed in detail in Section 3.6.7 strongly suggests
radial flow produced by strong production well pumping. Radial flow has produced a
capture zone in the esker and adjacent lake sediments. Based on the distribution and g
concentration of VOCs presented in Section 4.0, it appears the northern portion of

the esker is receiving the bulk of ground water flow from the most severely

contaminated lake sediments. At the southern portion of the esker, ground water is

drawn from a non-contaminated portion of the aquifer, probably to the south of

CRREL.

The vertical hydraulic gradient was measured at the five overburden/bedrock well
(’ couplets to determine if the potential measured indicates discharging or recharging
conditions. Table 3-4 shows the vertical hydraulic gradients for wells measured in
August, September, and November 1993. The data show that for most of the site, the
hydraulic potential decreases downward, indicating that most of the aquifer beneath
the center of CRREL is subjected to recharging conditions. Recharging conditions
exist between well couplet CECRL16/17 (-0.073 to -0.060) and well couplet
CECRL09/14 (-0.005 to -0.003). No direct data exist to determine vertical gradients
i between the Connecticut River and wells CECRL16/17. East of wells CECRL09Y/14, .,
) the hydraulic potential increases downward, indicating that the eastern part of
% CRREL is subjected to discharging conditions. The transition between positive and
ﬂ, negative vertical hydraulic gradients appears to be in the vicinity of well couplet 2
§ CECRLO08/15, where a negative gradient (-0.083) was documented in August and a #
. positive gradient (0.014 and 0.023) was documented in September and November. ;
Relatively steep positive gradients (0.034, 0.029, and 0.030) are present at well
2 couplet CECRL07/13. The vertical hydraulic gradients are subtle at CRREL and do
1 not constitute a major component of flow, but are very significant when identifying
transport mechanisms for potential contaminants.

Where data are available, the majority of the wells show typical seasonal water level
fluctuations (Table 3-3). The water table was higher during the spring of 1992 where
5 recharge was enhanced by thawing of snow and ice relative to the comparatively dry
# summer-fall season of 1993. The single exception is well CECRL12, located west of
the CRREL pumping wells and closer to the Connecticut River than all other wells
on site. A review of water level data collected at the Wilder Dam, located 4.4 miles
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downstream on the Connecticut River, suggests a connection between the observed
water level changes in the river and well CECRL12. To test this hypothesis, water
level monitoring was conducted simultaneously in the Connecticut River and well
CECRL12 for five full days. The results are graphically presented in Figure 3-11.
The sharp fluctuation of the river water level of 1 to 2 feet are produced by
controlled releases and retention of water at the Wilder Dam. The significantly
smaller fluctuations observed in well CECRL12 are clearly in response to the river
for two reasons. First, significant changes in water level at CECRL12 follow shortly
after significant changes in the river water level, indicating that the water table
fluctuates in response to the river. Significant changes in water level trends are
present at t=800 minutes, t=3,300 minutes, t=4,800 minutes, and t=5,600 minutes.
Second, the significant changes in water level in the river and water table occur in
the same direction and relative magnitudes, indicating a cause and effect relationship.
Calculated lag time between the river and well CECRL12 is consistent with the
observations.

In Figure 3-10, the initial datum for the water level (382.5 feet above msl) in the
river is reported for the Wilder Dam since no reliable reference elevation for the
river is located closer to CRREL. Since the dam is downstream, this value represents
a minimum elevation for the Connecticut River near CRREL. Figure 3-10 shows that
flow between the river and the water table on the east side of the river alternates.
When the water table is higher than the river a discharging setting is created.
However, when the river level is higher than the water table, the upper portion of the
aquifer is recharged. Under its operating permit, the Wilder Dam can produce water
level fluctuations between 380 and 385 feet above msl. Total fluctuation of the
Connecticut River during the five days of monitoring was nearly 3 feet. Since the
highest water levels reported on the sitc (CECRL0O7/CECRL13) are approximately
383.8 feet above msl, it is possible that the entire aquifer beneath the site is affected
by the Connecticut River.

3.6.3 Ground Water Gradlent and Flow Directions in Bedrock

The elevation of the piezometric surface was measured in the five bedrock
monitoring wells that are screened below the water table (CECRL13 to CECRLI16,
and CECRL18) to determine the general direction of ground water flow in the
bedrock. Ground water flow in metamorphic bedrock is heterogeneous and is
determined by paths of least resistance through a complex network of fractures.
Ground water measurements from September 1993 indicate that the net direciicn of
ground water movement in the bedrock beneath CRREL is toward the west-southwest
(Figure 3-12). The horizontal hydraulic gradient is steepest at the northeast part of
the site and progressively decreases toward the west.
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Actual ground water flow most likely occurs along fracture planes in the direction of
lower hydraulic potentials. As described in Section 3.4.2.1, the dominant orientation
of water-bearing fractures is N53W, dipping at 46 to the east. Since the net ground
water flow direction and the orientation of the water-bearing fractures are subparallel,
a strong case is presented for westerly (and some casterly) flow of ground water in
the bedrock. While the northeasterly dip direction of the fracture plane will not
prevent the ultimate movement of ground water to the west, it may provide a
secondary directional vector for the preferential movement of contaminants.

The fields of positive (discharging conditions) and negative (recharging conditions)
vertical hydraulic gradients are shown in Figure 3-12. As previously discussed, small
negative gradients exist over all of CRREL west of CECRL15. East of CECRL15
small positive gradients are documented. The relevance of these gradients to the
bedrock portion of the aquifer is that there is no natural impedance for discharging
conditions to exist in the bedrock over most of the site, and, therefore, ground water
that reaches the bedrock remains in the bedrock at least as far west as the
Connecticut River.

3.6.4 Ground Water Fiow Directions on the West Side of the Connecticut River
In 1993, a study of thc characteristics of the bedrock aquifer on the west side of the
Connecticut River was conducted for VTDEC by The Johnson Company. The work
included an investigation of the bedrock geology through drilling, geophysical
logging, fracture trace analysis, and outcrop study. In addition, a pump test was
performed on the Goodrich well. The report concluded that there were two distinct
bedrock ground water regimes, one within 1 to 2,000 feet of the river, and the other
greater than 2,000 feet from the river. The regime closest to the river is of greatest
importance to this investigation, and is described below.

The bedrock aquifer closest to the river is characterized by having a relatively low
horizontal gradient (0.02 fi/ft) and a vertical gradient that fluctuates between upward
and downward. The vertical gradient between bedrock and surficial aquifer is also
variable but can maintain a downward gradient for at least several days at a time.
Water levels in the bedrock aquifer respond to changes in the river level with a very
short time lag, similar to that observed at CRREL. The direction of ground water
flow in the bedrock is southeast toward the river.

The RI did not include any sample collection or ground water measurements from
wells on the west side of the river. However, in cooperation with the RI effort,
VTDEC personnel collected water level measurements in wells across the river on
the same day that water level measurements were taken in the CRREL wells.
Analysis of this data revealed that two of the bedrock wells on the west side of the
river (Peacock and MW-1B) consistently showed potentiometric surfaces higher than
the potentiometric surfaces in all the bedrock wells at CRREL. The Goodrich well,

ﬁ?ﬂlll‘ D m 6706361 TEPS riopot.i_ptit01704  3-29




-l

CRREL: RI Repon

Sccuon No.: 3.0
Revision No.: 1
Date: March 18, 1994

which is immediately adjacent to MW-1B, showed potentiometric surface
measurements within the range of those observed at CRREL. It should be noted,
however, that the elevation of the Goodrich well was estimated from the topographic
map, and has not been surveyed, and there is some discrepancy in the depth to top of
casing from ground surface (VTDEC uses -1.9 feet and The Johnson Company uses
-1.4 feet). Analysis of the ground water level data indicates that ground water in the
bedrock aquifer on the west side of the river appears to flow toward the river.

3.6.5 In Situ Hydraulic Conductivity Resuits

During the in situ hydraulic conductivity testing performed at the CRREL site, all
overburden and bedrock wells were subject to analyses. After slug testing the wells
in accordance with the methodology described in Section 2.5.3, the data were down
loaded to a PC compatible computer so that computer-aided evaluation could be
employed. This evaluation of the slug testing data was achieved by implementing the
Bouwer and Rice (1989) method of interpretation. As this interpretation method has
compensating parameters for testing unconfined aquifers, wells that are screened in
the water table, and sand pack irregularities, it projected the most accurate estimate
of hydraulic conductivity for the CRREL site. Appendix J provides raw data and
graphs of in situ hydraulic conductivity tests.

At CRREL, hydraulic conductivities measured throughout the area ranged from
3.39 x 10” fy/sec 10 1.9 x 10°® ft/sec using the Bouwer and Rice method (1989).
Table 3-5 reflects a summary of the CRREL hydraulic conductivity values and the
materials that influence their rates.

The bedrock wells yielded two sets of conductivity ranges, one set indicating highly
fractured bedrock and the other poorly fractured bedrock. Conductivities measured in
CECRL14 and CECRLI8 provided the slowest values obtained on the site.
CECRL14 exhibited the upper limit of this range with a reading of 1.99x 10 ft/sec
value for a rising head test and CECRL18 yielded similar results with rising and
falling head test values lying in the 10”7 10 10°® ft/sec range. These values are in
direct conjunction with the estimated hydraulic conductivities for poorlg fractured to
unfractured bedrock, which lic between 10 and 1072 fifsec, with 10 fy/sec
representing unfractured metamorphic and igneous rocks (Freeze and Cherry, 1979).
Moreover, these values were consistent with the slow recharge rates observed during
ground water purging and the lack of fractures found during coring. The values
found at CECRL12 and CECRLI13 yielded a range of 4.36x 10" f/sec to

7.79 x 10°® fusec. These values fell into the expected range of hydraulic
conductivities for fractured metamorphic bedrock and this indication is supported by
the steady recharge rates during purging and the moderately to highly fractured
bedrock observed during coring.

6700381 TEPS.riraport._pt.bt. 001 784 3-30




S £

CRREL:

Section No.:
Revisicn No.:

Date:

RI Report
36
1

March 18, 1994

Values of Hydraulic Conductivity From in Situ Permeability Tests

CECRLO7  Faling Head 354.63440 SM 1.9E-05
Rising Hoad 4.07E-08
CECRLOE  Faling Head 376.2-366.2 SP 1.53E-04
Rising Head 341E-04
CECRILO9  Faling Head 380.7-370.7 SP 5.54E-05
Hising Head 1.87E-04
CECRL10  Faling Head 376.1-366.1 SM 272605
Rising Head 1.40E-05
CECRL11  FalingHead  370.0360.0 SP 1.91E-08
Hising Head 1.48E-06
CECRL12  Faling Head 389.8-369.8 Bedrock 4.36E-05
Rising Head 6.59E-05
CECRL13  Faling Head 330.0-320.0 Bedrock 7.79E-06
Rising Head 557E-06
CECRL14  Faling Head 261.7-251.7 Bedrock - No Aquifer Response
Rising Head 1.99€-08
CECRLI5 FalingHead 33233223 Bedrock : No Aquifer Response
CECRL16  Falfing Head 277.0-267.0 Bedrock . Rapid Recharge
Rising Head -
CECRL17  Faliing Head 379.1-359.1 ML 3.80E-08
Rising Head 367E-07
CECRL18  Faling Head 275.1-265.1 Bedrock 1.17E08
Rising Head 1.72€07 :
CECRL19  FalingHead  377.0357.0 SMML 2.65E-08 i
Rising Head 2.62E-06 .
CECRL2 FalingHead  367.3057.3 sw 1.37E-04
Rising Head 3.39E-04
Notes:
All values caiculated using the Bower & Rice Method
FT BGS feet below ground surface
SM silty sands
SP poorly graded sande/gravelly sands
ML clayey sits/silty or clayey fine sands
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in testing the ovesburden wells that were screnned io clesn sand (CECRLUS,
CECRL)‘) CECRLY, ana CECRL20), the hydraulic conductivities ranged from 1.37
% 107 dsec w0 1.91 x 108 fisec. The wells that wers screened in silis, silty sauds,
and claycv silts yielded conductivities ranging from 1.46 x 107 fi/sec to

3.67 = 107 fysec. Both ranges ware consistent with the projected vatues for the
pariicular sediment type. Furthernicse, the slow puraping =ates for the wells screened
in the silt materials compared 1o the quick rates of the other overburden weils
reiniorees the validity of the data.

With the exception of CECRL.16 (see Section 2.5.3), ali welis wes tested for
hydraulic conductivity by employing a rising heac and fauing head test procedure.
CECRL16 was rot tested due to the well construction zsG the exiremely high
recharge rate observed during purgiug. Dus to the slow recharge of CECRL14, only
a rising head test could be performed and the hydraalic cocducnvity was derived
from the single test on this well. Well CECRL1S showed insutfirient aquifer
response to slug tesiing.

All kydraulic conductivities for falling head tests coincide in values to their

respective rising head test, with the largest deviation between a pair veing less than

an order of magnitude. All other quaiity control data indicate ihat the tests were i
representative of actua! conditions.

3.6.6 Ground Water Velocity

The rate of ground water flow in the overburden at CRREL was estitnated using the
Dupuit equation, which is a function of hydraulic conductivity data from the
overburden monitoring welis, the saturated thickness of the overburden, and the
horizontal hydraulic gradient. The velocity calculations are for a unit volume of
watcr from the water table 1o the bedrock surface, and assume steady flow in an
unconfined aquifer. Based on hydraulic conductivity data from the slug tests, total
ground waier flew through the bedrock is considered minor compared to the
overburden and was, therefore, discounted from these czlculations.

Contours of ground water velocities for the September 27, 1993, water table
measuremcms are shown on Figure 3-10. Velocities across the site range from
10" t0 10 feevday, depending on the hydrostratigraphic media. The highest '
velocities appear to be located in the center of CRREL. This area of comparatively

high velocity has an elliptical geometry that is elongated in a northeast-southwest |
direction and occurs beneath AOCs 1, 2, 3, 4, 9, and 13. Flow velocities appear to
decrease away from this zone as lower horizontal hydraulic gradients are encountered )
to the southeast and lower hydraulic conductivities are encountered to the northwest.
The low velocities (10 fect/day) calculated for the northwest corner of CRREL only
approximate the uppermost region of the aquifer. Unlike the remainder of the site,
where the hydraulic conductivity data are generally representative of the entire
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nydrostratigraphic column for each location, geologic borings indicate that an upper
ciayey silt urit (ML) and a lower fine- to coarse-grained sand unit (SP/SW) comprise
the overburden aquifer beneath the vicinity of the lower terrace access road.

3.6.7 Effects of Weil Field Pumping

This section provides an assessment of the influence of well field pumping on the
esker and izke segiment units. The assessment is based on a review of limited
historical water level data from the production wells; water level data from
monitoring wells and the Connecticut River; pumping data from 1993; and a
consideration of bedrock topography, esker morphology, and pumping test data.
Figure 3-10 shows the inferred ground water contour lines around the well field,
based on recent and historical ground water measurements. Table 3-6 summarizes
well field pumping during the Phase Ii RI and summarizes historical ground water
measurermenis from the production wells.

The well field at CRREL consists of five production wells (CECRLO! through
CECRLOS) that are screzned entirely within medium- to coarse-grained esker sand
beneath the lower terrace of the sitc. Based on pumping data collected from August 1
to December 31, 1993, the total yield of the weli field was 190,861,700 gallons.
During this time, the majority of the ground water was pumped from wells
CECRLO1 and CECRLO3, with totals of 44.3 percent and 35.1 percent of the well
field yield, respectively. The remaining 20.6 percent of production water was
withdrawn from wells CECRL04 (8.9 percent), CECRLO2 (11 percent), and
CECRLO5 (0.7 percent), which operated intenmittently during the period. Well
CECRLO3 had the highest pumping rate, ranging between 662 and 727 gallons per
rainuze (gpm). In comparison, CECRLO1 pumped betweern 459 and 504 gpm. The
maximum total well ficid pumping rate was approximately 1,766 gpm when all wells
but CECRLOS were active. However, a more typical rate for the well field was

1,183 gpm when only wells CECRLO1 and CECRLO3 were operating. These data
indicate that there were two focal points of stress on the aquifer within the esker
during the Phase II investigation -- the southern portion of the esker between wells
CECRLO3 and CECR1%M4, and the northern portion of the esker at CECRLO1.

As Figure 3-10 indicates, pumping-induced stress on the aquifer has histerically
created significant drawdown in the vicinity of pumping wells. For example, data
reported in the Phase I RI (Ecology and Environment, 1992) and data from 1988
(Gatto and Shoop. 1921) shows over 20 fest of drawdown at wells CECRLO1 and
CECRLO4 under pumping conditions. Similar amounts of drawdown may be
expected from the other wells in the esker under similar pumping conditions. Under
non-pumping conditions the water ievel in weil CECRL2 was measured at

380.3 feet above msl -- a level that is comparable to those measured at wells
screened in the lake sediments immediately to the east of the lower terrace access
road (CECRL11 and CECRL19) during the Phase II RL.
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The effects of current well field pumping on the CRREL site are assessed by
considering the aspects of the following features of the esker setting:

* Local bedrock topography
» Esker morphology
» Inferences from the Town of Norwich, Vermont, pumping test

3.6.7.1 Local Badrock Topography. As staied in Section 3.4.2.2, the esker rests on
a steeply dipping bedrock slope west of the production well. At some location

: between production well CECRLOS and monitoring well CECRL12, the bedrock

f ridge rises above the water table. This location marks a distinct east-to-west
transition between isotropic ground water flow in the high permeability/porosity
esker sand to fractured ground water flow in the bedrock. While the local bedrock is
not impermeable, and in some instances contains major water-bearing fractures, on a
per-unit area basis it is a poor medium for ground water flow. Therefore, this
bedrock high located between the esker sand and the Connecticut River may provide
a local barrier to significant local esker recharge from the river. The greatest

influence for esker recharge is the intersection of the river with the esker, to the
north of CRREL.

g e o r—

3.6.7.2 Esker Morphology. The morphology of the esker is a central consideration
in predicting the general orientation of pumping-induced cones of influence. The
esker trends north-northeast across the lower terrace of the site. The western part of
the esker abuts comparatively impermeable fractured bedrock. To the east the esker
abuts find-medium sand, silty sand, silt, and clay lake sediments. Pumping of ground
P water at the production wells will induce the most flow in the direction of least 4
i stress. Since more energy is required to pull an equivalent amount of water from k
E either fractured bedrock or lake sediments than the esker sand, pumping-induced i
cones of depression are predicted to be in a north-south orientation. The north-south 1
orientation of the cone of depression is also predicted from the north-south alignment 3
of pumping wells in the esker. TR

=t In situ permeability tests indicated significantly greater flow potential through the i

1 lake sediments than the bedrock. Therefore, more pump-induced flow from the lake LR
sediments than the bedrock is predicted from the northern pumping wells (especially
. from CECRLO1) where the bedrock ridge was documented.

T i 3.6.7.3 Inferences from the Town of Norwich, Yermont, Pumping Test. The
pumping test at the Town of Norwich, Vermont, suppiy well provides some
analogous pumping conditions and a basis for comparison to conditions at the
CRREL well field, as the supply well is also screened in the esker. Pumping of the
supply well and an observation well at a combined rate of 975 gpm locally produced
a drawdown of 3.44 feet (Ecology and Environment, 1992). This is slightly lower
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than the typical well field yield at CRREL of 1,183 gpm during summer-winter,
1993. Gatto and Shoop (1991) report that even at this pumping rate hydraulic
gradients were very low -- on the order of 0.001 -- in the esker. The radial cone of
influence produced by the supply well was approximately 300 feet parallel to the
axis of the esker. However, it was estimated that at least 80 percent of the water
pumped during the test was due to recharge from the Connecticut River (Caswell,
1990).

Based on the results of the Norwich well pumping test, the hydraulic conductivity of
the esker is 1.48 x 10" cm/sec. This is within the published range of K-values for
sediment types present within the esker, and suggests that the esker is a highly
permeable aquifer unit. The average bulk transmissivity for the esker is

275,000 gallons per day/foot.

e e e

e

The cone of influence from the CRREL well field production may be greater than

that documented for the Norwich well under similar pumping capacity conditions.

First, the specific capacity of the esker at the Norwich supply well appears to be

greater than the esker at CRREL, suggesting that the cone of influence produced by

the CRREL well field must be larger to accommodate the documented

summer-winter 1993 yield. The specific capacity at the Norwich supply well is {
approximately 300 gpmyfoot (Gatto and Shoop, 1991). Based on drawdown and

pumping rate data from CECRLO!1 and CECRLO4, specific capacities from the esker

at CRREL may range from 23 to 6 gpm/foot, respectively. Second, unlike the

Norwich supply well, which draws a significant (if not most) of its water from river
infiltration, the CRREL well field is partially blocked from direct river recharge by a

i bedrock ridge at the northwest part of the site. Data collected for this report ;
p (Section 3.6.2) shows that while bedrock well CECRLI2 is in direct communication i

; with the Connecticut River, no influence on CECRL12 by CECRLO1, located only
E 265 feet to the east, can be demonstrated. The greater the lateral extent of the ‘
# north-south bedrock ridge, the greater the impedance for the production wells to T
. preferentially pull ground water from the lake sediments to the east of the esker.

Regardless of the current eastern extent of the pumping wells’ cone of influence, i 1
: ground water level measurements indicate westerly ground water flow in the ’
1 overburden across the site and the eventual capture of most (if not all) of the

1 overburden ground water. Repeated ground water measurements have shown a
reduction in horizontal flow from east to west across the lake sediments. While this
4 trend would not be predicted if the cone of influence extended to the eastern
boundary of the site, this trend correlates with a westward increase in finer and more
silt-laden material at the water table, which may mask the effects of pumping
influence (Figure 3-10).

6706301 TEPS. draport._pt.u.0N17/04 3-36
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3.6.8 Summary
Results of the investigations indicated the following characteristics of the site:

Artlur D Little T

CRREL is underlain by a single aquifer (an unconfined water table aquifer) that
includes portions of the overburden and bedrock. Most of the overburden portion
of the aquifer is located in silty sand (SM) of lacustrine origin, but beneath the
lower terrace, the aquifer also saturates lacustrine silt (ML) and fluvial-esker sand
(SP/SW) units. At the western border of the site, the water table is in bedrock.

Perched water occurs in the silty clay (CL) and ML units along the lower terrace
access road beginning at depth ranging from 13 to 23 feet below grade.

Ground water flow in the overburden is westward across the site to the esker.

Current pumping conditicns are stressing the northern and southern part of the
esker aquifer at CECRLO1 and CECRLO3, respectively. The presence of a
bedrock ridge between the Connecticut River and the esker enhances
pumping-induced withdrawal of water from the lake sediments to the east of the
esker.

Ground water flow in the bedrock is generally to the west following the
orientation of water-bearing fractures (NS3W/46E) and progressively lower
hydraulic potentials.

Vertical hydraulic gradients are negative over most of CRREL, except for the
northeast corner, indicating that the bedrock is being recharged by the
overburden. The transition between positive and negative gradients occurs near
wells CECRLO08/15.

Hydraulic conductivities range from 10™* to 10”7 fysec in the overburden and
10 to 10°® fysec in the bedrock. Based on these data, the saturated thickness of
the overburden, and the horizontal hydraulic gradient, ground water velocities are
estimated to be between 107! and 103 ft/day. The highest velocities are located
near the center of the site while the slowest velocities occur at the northwest part
of the site.
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4.0 Nature and Extent of Contamination

This section describes tke nature and extent of contamination, based on samples of
sediment, surface water, soil, and ground water collected as part of the RI. Data
collected from the Phase I and Phase II investigations are used. In addition, the
ground water data from the five production wells (CECRLO! through CECRLOS) and
the Ice Well (CECRLO6) collected during USAEC (formerly the U.S. Army Toxic
and Hazardous Materials Agency) sampling are included in this section. Since some
of the AOC:s identified at CRREL may be point sources of contamination to soil, the
analytical results for soil samples are discussed separately for each AOC. Ground
water is treated as a single continuous medium, and the analytical results are
discussed on a sitewide basis.

Tables and figures included in this section describe the detected compounds. A
complete listing of the analytical results is prescuted in table format for ea:h medium
in Appendices M, N, and O. Since all of the parameters tested (VOCs, B TEX, and
TPH) for each medium are not considered to be naturally occurring compounds in the
soil or water, the detectable concentrations are presuined to be the result of
site-related activities, with the exception of those compounds that are interpreted to
be laboratory contaminants. Section 2.6 provides an analysis of the field and
laboratory Quality Control samples.

In the discussion of contaminant concentrations, the unit used to describe soil
concentrations, micrograms per gram (ug/g), is equivalent to parts per million (ppm).
The concentration of contaminants in water is expressed as micrograms per liter
(pg/L), which is equivalent to parts per billion (ppb).

4.1 Sediment and Surface Water &

Samples were collected from the sediment and surface water of the Connecticut River
and CRREL pond. In general, water samples were taken at the same locations as the

sediment samples. Tables 4-1 through 4-4 summarize the detected compounds in the
sediment and surface water samples.

4.1.1 Sediment
In order to assess the nature and extent of contamination in sediments related to

CRREL, a total of 22 samples were collected from 8 locations at the Connecticut
River and 2 locations at CRREL pond. Figures 4-1 and 4-2 are maps indicating
sample locations and detected concentrations.

Arthur I? Little $700301TEPS.dreport._pLI.0N1 7704
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Table 4-1: Detected Compounds in Connecticut River Sediments

Nowss:
-~ indicates not detectad or less than detection kmit
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Tabie 4-2: Detected Compounds in CAREL Pond Sediments

VOLATILE ORGANIC COMPOUNDS (ug/g)

HALOGENATED OFYGANICS
l Trichloroethene = 18

Nows:
~ indicedes not detectad o lass than detaction mit
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Table 4-3: Detected Compounds in Connecticut River Surface Water

VOLATILE ORGANIC COMPOUNDS (ugl)

HALOGENATED ORGANICS
Methylene Chioride - 64 50 50 52
Trichioroethene 200 (360) = 220 200 =

Notss

- Incicates not detected or below detaction imits
incicatss analyiss deioctad by snalytical method UGOS - halocarbone in water by GC/CON
TFL - Sampie cofectad from the Conn. River at the CRREL outfull location

o < e e
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, Tabie 4-4: Detected Compounds in CRREL Pond Surface Water

VOLATILE ORGANIC COMPOUNDS (ug/)

CHLORINATED AROMATICS
Dichiorobenzene, nonspecific 32 -

~ ndicates not detected or less than detsction imit
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4.1.1.1 Connecticut River. Thre: rounds of sediment samples were collected from
the Connecticut River. All samples were analyzed for VOCs and TPH. The second
and third rounds of samples (CONNSEDO4 through CONNSED15) were 2also
analyzed for BTEX. In the VOC analysis of CONNSEDOS, TCE was detected at a
concentration of 0.27 pg/g. CONNSEDOS was collected from sediment below the
outfall during the third round of sampling. All other samples did not indicate VOC,
TPH, or BTEX contamination. Mzthylene chloride, a suspected laboratory
contaminant, was detected in all samples collected during the first round, with
concentrations ranging from 0.0080 to 0.0090 pg/g.

4.1.1.2 CRREL Pond. One round of sediment samples was collected from CRREL
pond and analyzed for VOCs, BTEX, and TPH. PONDSEDO1 was collected from the
southwest corner of the pond and PONDSEDO2 was collected from the northeast
corner, as depicted on Figure 4-2. In the VOC analyses of PONDSEDO2, TCE was
detected at a concentration of 1.8 pg/g. No other analytes were detected.

4.1.2 Surface Water

Surface water samples were collected from the Connecticut River and CRREL pond
so that the nature and extent of surface water contamination could be assessed.
Figures 4-1 and 4-2 are maps indicating sample locations and detected compounds.
Tables 4-3 and 4-4 summarize the results of the surface water sample analyses.

4.1.2.1 Connecticut River. Two full rounds of surface water samples were taken
from the Connecticut River during the RI, preceded by a preliminary round during
USAEC sampling. In the preliminary round, samples were taken from the outfail and
only analyzed for VOCs. For the two full rounds, samples were collected from 100
feet upstream of the outfall, 100 feet downstream of the outfall, and at the outfall
itself. The samples collected from the first round were analyzed for VOCs and TPH.
The second round of samples were also analyzed for BTEX. CONNSW2 was taken at
the outfall during round one in April 1992, prior to the installation of the ground
water treatment system. It was the only surface water sample that exhibited VOC
contamination. TCE was detected at a concentration of 220 pg/L in this sample,
which is comparable to the USAEC sampling result of 200 pg/L at the same location.
CONNSWOS was collected from the outfall after the instailation of the ground water
treatment system, and revealed no detectable VOCs. CONNSW1 and CONNSWO04
were collected 100 feet upstream of the outfall and CONNSW3 and CONNSW06
were collected 100 feet downstream of the outfall. No concentrations of YOCs were
dezected at these iocations. TPH analyses of ail samples collected yielded no
detections.

Sk

Methylene chloride, a suspected laboratory contaminant, was detected in all round
one samples at concentrations ranging from 5.0 to 6.4 pg/L.

Aﬂhﬂl‘ D I.Me 8708361 TEPS rirepon.fi_pLbd.03/17/84 4-8
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4.1.2.2 CRREL Pond. One round of surface water samples was collected from
CRREL pond ané znalyzed for TPH, BTEX, and VOCs. PONDSWO0! was collected
frown the lower southwest perimeter of the pond while FONDSWO02 was collected
from the northeast corner. PONDSWO1 yieided 3.2 pg/l of dichlorobenzene. All
other analyses yielded no detections.

4.2 Surface Solis

A total of 37 surface soil samples (SSS01 through SSS37) were collected at CRREL
during the soil investigation program. These samples were analyzed for VOCs, TPH,
and BTEX. Table 4-5 and Figure 4-3 summarize the results of the surface soil sample
analyses.

TCE was detected in SSS07 at an estimated concentration of 120. pg/g (see Section
2.6 for a discussion of the use of estimated values.) This sample was collected along
the northern perimeter of the Ice Well. SSS37 yielded 0.75 pg/g of
1,1,1-trichloroethane. This sample was taken from the upper terrace near AOC 9 and
immediately adjacent to a fuel oil tank and an oil and water tank. The remaining 35
samples exhibited no detections of VOC contamination.

TPH analyses indicated detections at eight locations. These concentrations ranged
from 13 to 33 pg/g, with one sample (SSS07) from outside the Ice Well building
showing an outlying concentration of 320 pg/g.

BTEX was not detected in the 37 surface soil samples collected.

4.3 Soll Yapor

The Petrex® soil samplers installed at CRREL for the Phase I and Phase II RI were
anaiyzed at the NERI laboratory in Lakewood, Colorado. The analyses performed
with an Extrel C-50 Quadropole Mass Spectrometer equipped with a Curie-point
Pyrolysis/Thermal Desorption inlet allowed for flux maps of each detected compound
to be generated (Section 2.4.3). In the Phase I investigation, flux maps were
generated for PCE, TCE, BTEX, and fuel oil character (cycloalkenes/dienes/alkynes
and cycloalkanes/alkenes). In the Phase II investigation, flux maps were generated for
PCE, TCE, BTEX, and cycioalkanes/alkenes. The NERI soil vapor surveys prepared
for the Phase I and Phase II investigations included flux maps for all detected
compounds (Appendix P).

6708361 TEPS.firepont.ni_mt.bd.03/17/04 4-9
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The interpretation of the Phase I soil gas survey results revealed that TCE ion flux
anomalies correlated well with the AOCs identified prior to the survey. In particular,
anomalies were detected at AOCs 2, 9, 13, and 16. A smaller scale of ion counts was
detected at AOCs 6 and 15. TCE flux anomalies detected in the Phase II soil gas
survey were found in AOCs 16 and 15, with smaller areas of flux west of the
lowerterrace access road, adjacent to the pond, and southwest of AOC 8. Figure 4-4
illustrates the TCE relative response fluxes detected in the Phase II investigation.

BTEX relative ion flux anomalies were identified at AOCs 2, 6, 10, 13, and 16 :
during the Phase I survey. BTEX interpretation during the Phase II investigation

identified flux anomalies in AOC 10 and west of the lower terrace access road.

Moderate-response flux anomalies were also detected near CRREL pond. Figure 4-4

illustrates the BTEX relative response fluxes detected during the Phase II

investigation.

Regarding PCE, both surveys indicated that the highest anomalies were located in
AQC 16, with the Phase II survey also revealing comparably high anomalies west of
the lower terrace access road south of AOC 16. Moderate-response anomalies were
detected at AOC 6 during the Phase I survey and also near CRREL pond during the
Phase II investigation.

The fuel oil character anomalies were identified at AOCs 2, 6, and 13 in the Phase I
survey. Also, DCE was detected at four sample locations near AOC 9, and Freon 11,
1-1-1-trichloroethane, and carbon tetrachloride anomalies were identified at a few
sample locations. In the Phase II survey of cycloalkanes and alkenes, flux anomalies
of moderate-response were detected in AOC 16 and west of the lower terrace access
road. There was a strong correlation between the cycloaikanes/alkenes fluxes and
BTEX fluxes detected in the Phase II survey.

4.4 Subsurface Soll ?

The nature and extent of subsurface soil contamination is described below for each
AQC for which thcie are data. Figures 4-5 through 4-10 are geologic cross sections
based on soil borings that illustrate detected concentrations of contaminants. Table
4-6 summarizes the detected compounds in subsurface soil. Appendix N summarizes
all of the anaiytical results.

At mary locations headspace measurements from subsurface soils detected some
volatile contamination, while chemical analyses of the same soil were non-detects.
This discreparcy may be related to the sampling period over the summer months.
Y¥(OCs may have volatilized before reaching the laboratory or, due to the nature of the
contaminarts. {illed soil pores but not sorbed to soils.

$708381TEPS.rreport.i_mi.b.0V17/04 4-12




t
i

RN
Y oo
At s

©LLTE930




AJANNS SVYO TI0OS NWOd4 301
GNV X318 40 Nollnaiuisia

ANOLVHOEYT ONIRIIINIONI
GNY HOYY3S3Y SNOIO (100

=¥ UNOII

FJuu

000°000‘t < S3NTVA
ISNOJdS3Y 3AILVI3Y 301

666'666—000°001 S3NTVA
ASNOCSIY 3AILVIIY 301

000‘000°t < S3NTVA
ASNOJS3Y 3AILVIIY X318

666‘666—000°0SC S3NTVA
ASNOJdS3Y 3AILVIIYN X318

NOILVNV1dX3

ST O AN NMOHS v |
— 170—C00/0 | v661 UVN | -
“ON_"9ind uve § 3
£661 ‘¥ILHOW 23vsn
—¥VOVH NONJ Q3IJIGOM :3DUNOS 904 (I3 | 3
PR 3
(ANOd | i
| o
m B
. m
- | m
; 3 /
s |
] |
| e Pty "
|
L |
Y0703 |
........ LT ~ _
|
e |
20 X |
> (.m. _F
B e !




g

5 *
M L]
g <izze
¥
L] .
[}
. =
. _ - .
N . . -
@ ", X o> o
R ¥R e o L
-"" W e @ ok x B KT TR TRy
o o =F e : LN
v x . o
S ] i T .
+ [ . CE.
. R S
' aa s % i ~—.—
: ¢
e T N L NOOTOTIL U N
J - L B
. + — i -
i<~ —_——— t 7
¥ pew i
0 B A y
LR - . A , II
» "
O L g ey
x * d /
g > x K -
2 .
x ; 7
; | B
x Lo .
g ;
: L ; GSBJ
x o
] f K
hd LS
- . ]
»
¥
x
L]
x
! ' TeRTRE S
. —_—— R
"
by - T
|
*
3
. '-.
: |
; o
%
g - 1358
x
2 T
| 3 o
s i RRat
o}
L] L] L) » . i ’ Lo
. -
LY q
i
2 + N 24 ' -
* < .| ! BORING 31-85 !
x T e g i
H - N I3}
i ! F
. ‘
L I - i ;
1 \ {
; 3
- b
T 0 '- I
' ) i
i 19, B0 ! .
L I : i
! : i P
% T ° - =
% i i i i ~_~""‘ ,f’l
8 - ] -
v / : P
- i oy
N . o .-
’ LN : i .
\ RS = bl
x
Yo e

PREPARED FOR: USAEC

OWG. NO.

DATE:
130 raxv

FEB. 1993

67063-014

BwWQn




—— -—re
:
-'I-.:,;__.-
1 = -
«
- - . - _—— -
- . .
~ld. . R _ -
S fo o . == - - - R - T {
» wl -
R v-:’—— -—r.—r.—-—-*‘ T ew W R ww—e——e X Rk
- * = °F - - - = mmeT=s -
> = >
g _4"—' " ]
1
- e o = coo e =
I. x
: i
2 !
6SB1 [
9 !
' P BT | z o
.'_'_:Fﬂl S \
¢ . -
o cags © Rig — = =l
- . -
...... S .

t ,".‘
i I
L giT i
i
13 - D, i
1 s
3583 v
. S , A . { )
- L o | i .
'N.‘?' == Toaoaa - L .._‘:.._ 7 S 7 oy ” i:—

R ; : . :
- e = ; {
e & * 1 g
o a
Femee - 5 ) i
— R = N b= - : ;
<ol o : { ;
‘ 3 | ) b
. i% - T 5 §
S o ] i i 3 i
y v cwm s % | R
) 2 b E VTR i r 'y !
- SO 2 B i » i i ah i
WNATION: 2 h -.T i EXPLANATION
o . r
:‘ l: - : - 3 ~'qi "'#5
o " ool A=A’ LoCATON oF PROFLE
| ‘ i SN
______ : y !
WL RO ' -I-l <) SOML BORING LOCATION
- foood
— : - ¢ Y ;
IY: (INITALS) )

N BY: (NTWLS)

D v ( MSB e COLD REGIONS RESEARCH ANO
v 6. (NTas) Arther B LRYe ENGIVEERWG LABORATORY

LOCATIONS OF CROSS SECTIONS: *~A" to E-E' JI

et e

8708381 TEPS rireport.ri_mt.x1.03/17/94 4-14

——-—

[ ]}




gz\
|
\\

ez

500

480

460

440

420

400

VERTICAL EXAGGERATION = 1X

HORIZONTAL SCALE

25B4
“Depth JPID(HS)/TVOCs
1 0/NA
16 23/ND

HS -~ HEADSPACE

TVOCs — TOTAL VOCs
ND - NOT DETECTED
NA — NOT ANALYZED

TORAWN BY: (NTWLS) MSB/TG

Sagin Lk ens b unand »

WAE
. 1994 AS SHOWN

OWG. NO.

67063024

[fwWQat




i

A?
FT(AMSL)

460

440

420

400

380

EXPLANATION

=~ INORGANIC SILTS AND VERY
FINE SANDS

SM =~ SILTY SANDS, SAND~-SILT MIXTURES

firthur D Little

FIGURE. 4-6 o

Cold Regions Research and Engineering
. Laboratory

Geologic Cross Section A—A": AOC 2

el
-

8708381 TEPS. rire port.ci_rpt it.0Y 1 7/4 4-15

U N

ol S R AR s e st B

i T e




[ ey § REVINON DATE
0 11/10/83
1 1/70/54
1z 3/12/94
|
|
| 500 —f ol
480 — Zli
wl
-l
460 — &
=]
420
400
380
9SBJ3
’ Depth JPID(HS)/TVOCs
10 69.5/ND
15 92.5/NA
VERTICAL EXAGGERATION = 1X
HS - HEADSPACE
TVOCs — TOTAL VOCs
ND — NOT DETECTED
| HORIZONTAL SCALE Wy = WeY Grliney
i e s S
§ 0 100 FT.
3
[ PREFARED TOR:
USAEC MSB/TG
‘ DOWG. NO. APPROVED BY: (NTALS)
i MAR. 1994 AS SHOWN 67063-050
i




‘‘‘‘‘

B’
FT(AMSL)

9S

B2
o 1
oA

§

T

ik
T |
1t

e

— 500

AL ipyee
% | 480
L
L 460
440
420
400
380
__ l
s 1S)/TVOCs
/ND -
/NA EXPLANAT.ON
SPACE ML - INORGANIC SILTS AND VERY
)5 TAL VOCs FINE SANDS
) DETECTED
) NALYZED Ll SM - SILTY SANDS, SAND-SILT MIXTURES
e *™ise e F.IGURmcuE 4—7»10 ENGINEERING
B QNTALS) Arther D Littie COLD REGIONS ORATORY
o GEOLOGIC CROSS SECTION B-B’: AOC 9

6708381 TEPS ireport.ri_rpt. bt 03 17/04 4-16

e A AT e R §




. § AEVSION DATE

11710/93

Mdog

i/i0/94

3f12/84

|I

G
FT{AMSL)

35B4
9 oD

4§ 120/M0
9 . 159/ND
500 —4 14 | e
LU BETTRY. 3%
. O/NA ':%

480-——:'

srEey

460 {1 LB |

' ‘%olm‘ R
HHOMA i

VEKRTICAL EXAGCGERATION

9SB4

Depth JPID(HS)/TVOCs
el
9 159/ND

HS — HEADSPACE

TVOCs — TOTAL VOCs
ND — NOT DETECTED

NA — NOT ANALYZED

ToRWN BY: OETRS) .
S MSB/TG

DATE: SCALE:
e




oS

C)

FT(AMSL)

500

480

460

440

21
i i 20
S 4
H
sty
Hit
11

400
380
: |
EXPLANATION ? |
] ML - INORGANIC SILTS AND VERY “ .
FINE SANDS i
— [l SM — SILTY SANDS, SAND-SILT MIXTURES |
1
==;u) : . ~ ;, j
MSB/TG TRk : FIGURE 4-8 i
/16 Aethar D Littie COLD REGIONS RE D ENGINEERING
T D GEOLOGIC CROSS SECTION C-C': AOC 9 &gﬂ
. ————
70081 TEPS shapon._pienoyi7ee  4-17 i : @, _a;%i




E= e T T | ot

{500 =

. 4 SEVIBON DATE
1/7./94
312794

Nog

D
FT(AMSL)

135B4

SA/NA
Y831/098
H89/NA
o MA
85.9/29 | il
NANA
302/
72.4/NA
. 52/NA
| 26/NA
T.2/NA
AT/NA
1 0.7/8
] 10.8/MA |
] 0.4/NA
4 [02/MA

480 —°

460 —.

440 -

420 -

STZ/RN
£ 9988,/55

9999/

0.7/NA
0/NA
0/ND

2BE[3IBEELLEEEERRGSwp

400

380

SP

VERTICAL EXAGGERATION = 1X

HORIZONTAL SCALE

13SB4

Depth {PID(HS)/TVOCs
10 | 169/NA
15 11017/NA

HS — HEADSPACE

TVOCs - TOTAL VOCs
NO — NOT DETECTED
NA — NOT ANALYZED

WE:
MAR. 1994

AS SHOWN

DWG. NO, APPRONED int; {ONTALS)
87063-052




—— R
e il

FT(AMSL)

500

480

480

440
420
400
380
R70Cs EXPLANATION
ML — INGRGANIC SILTS AND VERY
FINE SANDS
E CL - HORGANIC CLAYS OF LOW TO0 MEDIUM
VOCs :
CTED SP ~ WELL SORTED SANDS
YZED
—ms
me: FIGURE 4-9
s D Little Cod Rgan Bz od Ergnsres
_ Geologic Cross Section 0-0': AOC

708301 TEPS.sieaportsl_mpt.bd 03/ 17/04




INTALS)
MoB

s

TR Y

APPROVED RY: (NTW

# _
pw w
il ! !
§ M ;

A .“.m
B ;
W
|
“ : 0
n ] Q
"
$ &
o >4 m
_ 7 - §
<
2 mw ]
N 3
o [y
o o0
ta
= -
< Z
< &
g
< z z
O N &
— x vl B
o £ <| 2
Ll )
> o
N
&
- o
Wﬁ S . o £
$lolsls] | = T _ " _ 1
SNl £ o8 8 S g g g
K L B < <+ 3 20} ) .0
-1 L) m o
1 8|
2 olele b 53
“agppen




I
E)
FT (AMSL)
— 500
3 r16SRY
‘\' 1.~ _._._NEL' -
| 1o/, 0,0 : T
hvw, o/ <. [ 460
i 0/ | ,
| |0/NAg o/MA
0 0/Nk
oAy 0/MA
60.8/0.4 %0.3/0.68
e NA/MA
IO/ NA L, o/
vie e L 420
Io/o.s%_‘ 0/0.69 ML /s

'—-—M-.—-.._.,_Lw.._..mg._..._...__yw
‘ e :

i

Pl

SM,
i e il 340
E
i
&
f
o - ] 300
JROCK  ‘BEDROCK " Ly
155B4
Depth TPID(HS
i %(/N}\ﬂVDCa B sm - STV SANDS, SANO-SILT MIXTURES
9 2.1/ND £7] oL - INORGAMIC CLAYS OF LOW TO MEDIUM
I o e 72 P00RLY SORTED/WELL SORTED SAKDS
TVOCs — TOTAL VOCs DV SP/3V -
ND — NOT DETECTED
; NA ~ NOT ANALYZED me mm wm WATER TABLE
AL BY: (INTIALS) ) 4-10
58 MSB 14:5) FIGURE

.wgm;wm | Arthar D Littlo

COLDREGWMOWINEERNG

GEOLOGIC CROSS SECTION E-E’: AOC 15

sl

8708361 TEPS.rireport.ri_rpt. t1.03/17/54

4-19




LOM 1 IOST v6-%9-L0

B/n) SNORLEWSOHAAH WNFICHI3d TVIOL

oL000

auoueang-2AX3wY) eucie) Hipekpsyy
STI|BNOS HILVA

SUBLABOIONRU |
euaIBQIOILDI)-Z' | -S7/BUSALIBOIONPIT-Z | 5D

A§_ sueg pue nﬂ& nﬂsﬂt@ggﬂ wiﬂ%x’ba&. 3
spLayD ausliLpeny

SOINVDHO G31YNIOOTVH

6708381 TEPS Airaport.ni_pi.txt.03/17/04 4-20

Arthur P Little

i e
=S b el e 2 o B it G
> - Ty o af%ﬂ%» Aok

B T P Mg Tt




LOM LIH¥OST v6-oN-L0

$700381 TEPS. riraport.A_ipt.b. 031 744 4-21

{B4n) sHOBY YOORUAH MN3I0HL3d TV101.

auoumINg-2A NI Sume) ALaeAsany
SIIBNI0S HAUYM

LS00 100 b = euseasonpu
s = - 8USE0XUDI]-Z |-8D/BUBIALISOIOPICH-C L S0
(161081 SUBL PUE S10) SBUBLISIIOIDIT-C | BBUSKESIORDIG-C |

SUBIAY -0
SUBAY-W
suszZUEqQALE D
euenpo
SOLLYWCHY

uobpieeau; ayg 13HUD
9ioz ebeyg HOS eoupUNIGNE Uy SPUNGALIOD PeISeIR() (0¥ S L




LOM UHTIOST v6-/N-L0

:3&;
-
- oo =

S—— « i n

-{§2§§3&9E§4?§ &:?ﬁi

e |

8708381 TEPS. rireport.f_ipt.be.0V17/04 4-22

(B30} SNOBY VOCHAAN NN I0HL3d TYLOL

e |

gggg 1 H

02000

(s10Wos!| SUBL pUe SD) 8:93.2956. Z L ABUBALBOWORINT-T |

suouRING-ZA NN Bume); saigepy
STWNICS HIALVM

BUBLIBTIOIPL ).
UALESCINPI(-C' | -SD/BUBIARBCIONDIT-Z | B0

SPUCILD SUBIALREYY
SOINVOHO GILYNIDOTVH

SuBHy-0 i
auefy-L ~
28.:8335 |
h- {
STUWRHY

(B/6n) SONNOINOD JINVOHO TRLVIOA

Arthur [P Little




4-23

LOM LHIOST v6- 99420
2
2
¥
B
m
oLt {ERn) SNCBUYoOKTIAY, NI I0U12d TWIOL
euoUEINE-ZA M) SUIH upelpep
STI|AIOS HIALVM
r£4 €2 860 SURJEQOLPU |
- - - “UBIBOIONPY] T L-SDBUBIARIIONNT-E' | 8D
- - = 090 oo (SIaWDs! SURA PUB S1) SBUSLABIAICRPICHZ | SBUSALISQNIG-Z’ L
09000 09000 05000 - : BPUDIID BUBIALIGHY
SORVOHO JAUYNIDOVH
0100 sueyx-0
£100 BUBHX-W
- uezuagALs 3

uoyeBieeau) syg 1IHLD
1OS SIRUNEGNS Uy SPUNOOD PEIISIQ 9+ BIqeS




LOM LIHROSA'Y6-t-L0
J0%R] UORNP 1086 SenBy IWeXyusis #
PEIROP 10U JO JALY LOEOSOP LB S58) DREIIPUS —
SSICN
& 00L ~ {B8n) SNOGEVOOHTGAH ANT 0¥ Sd TiI0L

0€EC00

viGo

09000

suoung-ZANIN) suckey peiiaeyy
STWENT0S HAUVM

BURRBTIONPU |
BUBLEBOICIYIN(]-Z' | -SO/BUBIALIEQIONEN-T' | 51

(ss210081 SUBA PUR §D) SBUBEBIAIONIDI]-Z | BBUBALBAKALIC-Z §
epuoIUD BudA JeYy

SOINVOHO 1 YNFOOCTVH

SUBY-O
Buay(-ii
suazuegiAial
8ueNw

SOIWAOHY | 7

{8/60) SONNOINCD DINYOHO THLVIOA

uopeBnoeau; eys 134U
HOS soRUNSONE 1 SPUNOALOT PEIOeNQ -y Siqe )

4-24

8708381 TEPS. rireport.ii_rpt.brt 03 17/94

Artiur D Little




e i e e

LOM UHIOSC re-"an-L0

0L {680) SNOGEYOOHGAH BNT10UL3d TVLOL

suouIng-2A NI euaseyt vapeiipeny
S31BN0S HALYM

BUAREIONPU L
USRS’ |-SD/BUBIALESOIONGT-Z | 6T
(5:0L08| SUBA PUR SD) SEUBLIRIMIONPIC-Z' |L/ESUBIKLEBICDI]-Z' |

ucj@biiesau) eys TINYD
9j0 9 eBuy 1106 SORLNIGNS U SPUNOAIOD POIOSINQ 9-F BIGR L

679891 TEPS.sireport.d_sirl.bt 03/17/04 4-25




5 Hay o Byl friliry S w1 ST i, L MRS R QLI

Ee
vl
wons

CRREL: RI Report

Section No.: 4.0
Revision No.: 1
Date: March 18, 1994

4.4.1 AOC 1: Former TCE Storage Area
No subsurface soil samples were collected from AOC 1.

4.4.2 AOC 2: Former TCE and Fuel Oll UST Area

TCE was detected in silt units from 2SB1 and 2SB3 at depths of 15 to 17 and 30 to
32 feet bgs (Figure 4-6) at concentrations of 3 and 2.9 pg/g, respectively. Both of
these borings are located at the eastern side of AOC 2.

Low concentrations of methylethyl ketone were detected in boring 2SB1 (0.014 pg/g)
at the 44- to 46-foot interval.

Methylene chloride, a suspected laboratory contaminant, was detected in all AOC 2
samples with the exception of the 30- to 32-foot bgs sample from 2SB3, at
concentrations ranging from 0.0070 to 0.011 pg/g.

Field screening data from PID headspace analysis suggest that VOC contamination of
the subsurface soil beneath AOC 2 may be present deeper than the iast (deepest) soil
sample collected at the location. VOC gases may only be present in soil and not
necessarily in the ground water. Field screening data indicated that concentrations of
total VOCs exceeding 10 ppm were first detected between 14 and 20 feet bgs
(Appendix G) and continued to depths of 57 and 117 feet bgs in 25B3 and 2SB6
respectively. The presence of elevated headspace screening resalts at the iermination
of the 2SB4 and 2SB5 borings indicates that VOC contamination exteiids deeper than
the cormpletion depth of 120 feet bgs. Ground water in the vicinity of AOC 2 is
approximately 134 feet bgs and thus nece.sitated the completion depth of 120 feet
bgs (Section 2.4.2). Total VOCs were not detected in 2SB2, kowever, the boring was
terminated at 10 feet.

4.4.3 AQOC 3: Facllity Engineering's Former Fuel Oli UST :
No subsurface soil samples were collected from AOC 3. n

4.4.4 AOC 4: Facliity Engineering’s Current Fuei Oil UST
No subsurface soil samples were collected from AOC 4.

4.4.5 AOC 5: Diesel Fuel and Gasoline ASTs
No subsurface soil samples were collected from AOC 5.

4.4.6 AOC 6: Former Gasoline USTs

Based on the one boring drilled (6SB1) tc 10 feet bgs, no contamination was
detected. Similarly, field screening of headspace showed no indication of VOC
contamination. Methylene chloride, a suspected laboratory contaminant, was detected
at concentrations of 0.0070 pg/g at 1 to 3 feet bgs and 0.0030 pg/g at 8.5 to 10.5 feet
bgs.

- 6708331 TEPS.rinport.Ai_Rt.tx1.03/1 794 4-26
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Section No.: 4.0
Revision No.: 1
Date: March 18, 1994

44.7 AOC 7: Fue! Ol UST
No subsurface soil samples were collected from AOC 7.

4.4.8 AOC 8: Waste Oll AST
No subsurface soil samples were collec*ed from AOC 8.

4.4.3 AOC 9: ice Well

TCE was detected in silt units from boring 9SB1 at depths of 2 to 4 (0.G17 pg/g), 13
to 15 (0.051 pg/g), and 17 to 19 (0.11 pg/g) feet bgs. Figure 4-7 illustrates the
detection intervals.

Methylene chloride, a suspected iaboratory contaminant, was detected in all 9SB1
samples at concentrations ranging from 0.0030 to 0.009C pg/g.

Field screening data from PID headspace analysis suggest that VOC contamination of
the subsurface soil beneath AOC 9 may be present deeper than the last (deepest) soil
sample collected at the location (Figure 4-7 and 4-8). VOC gases may only be
present in soil and not necessarily in the ground water. The headspace data indicated
that concentrations of total VOCs exceeding 10 ppm were detected near the ground
surface at the 0 to 2-foot interval in 9SB3 (Appendix G). The vertical extent of VOC
contamination was defined by headspace readings in borings 9SB2 and 9SB4 at 94
and 21 feet bgs, respectively. However, the presence of elevated headspace screening
results at the termination of the boring indicate that VOC contamination likely
extends deeper than the completion depth of 55 and 115 feet bgs at 9SB1 and 9SB3.
Ground water in the vicinit, of AOC 2 is approximately 129 feet bgs, and thus
necescitated the completion depth of 115 bgs in 9SB3 (Section 2.4.2). The
completion depth for 9SB1 was determined in accordance with the E&E Work Plan
(1991).

4.4.10 AOC 10: Former Open Storage Area A
Based on the one boring (10SB1) drilled to 10 feet bgs, no contamination was

detected. Similarly, field screening of headspace showed no indication of VOC

contamination.

However, methylene chloride, a suspected laboratcry contaminant, was detected in all
10SB1 samples with concentrations ranging from 0.0050 to 0.0060 ng/g.

4.4.11 AOC 11: Concrete Storage Pad Area
No subsurface soil samples were collected from AOC 11.

4.4.12 AOC 12: Exterior Test Pond Area
No subsurface soil samples were collected from AOC 12. m

8708361 TEPS rirsport.ri_pit 031784 4-27 |-?
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44.13 AOC 13 Former Grave! Pad

TCE was detected in silt units from 13SB1, 138B4, and in a clay unit from 13SBS.
At 135B1, TCE was deiected at intervals of 1.5 to 3.5 (0.017 ug/g), 5.5 t0 7.5 (0.013
pg/g), and 17 to 19 {G.23 ng/g) feet bgs. At 12584, TCE was detected at intervals of
510 7 (098 pgfgy and 20 t¢ 22 (2.3 pg/g) feet bgs. At 13SBS, TCE was detected at
the interval of 20 to 22 feet bgs ax a concentration of 2.2 pg/g. Figure 4-9 shows the
distribution of YOC contamination at AOC 13.

In silt units from 135B1 and 13S$B4, 1,2-dichloroethene isomers (cis and trans) were
detected at depths of 5.5 to 7.5 (0.0010 pg/g) and 20 10 22 (0.60 pg/g) feet bgs,
respectively.

Cis-1,2-dichloroethene was detected in 135B! at concentrations of 0.012 pg/g and
0.0080 pg/g at the respective depths of 5.5 to 7.5 and 17 to 19 feet bgs.

Tcoluene was detected in 13SB2 at 20 to 22 feet bgs at a concentration of 0.17 pg/g.

Methylene chloride, a suspected luboratory contaminant, was detected in all samples
coliectec from boring 13SB1. These concentraticns ranged from 0.0060 to
0.0990 pg/g.

Field screening data from PID headspace analysis suggest that VOC contamination of
the subsurface soil beneath AOC 13 may be present deeper than the last (deepest)
soil sample collected at the location. VOC gases may only be present in soil and not
necessarily in the ground water. The headspace data revealed concentrations of total
VOCs exceeding 10 ppin near the ground surface in ali boring locations

(Appendix G). Measurable VOC contamination from headspace screening continues
approximately to 32, 57, and 85 feet bgs in borings i3SBZ, 13SB3, and 13SB4,
respectively. Extremely high (>4,000 ppm) screening resuits were encountered
between 5 and 15 feet bgs at 13SB3. Headspace readings of 16 ppm were reported
from the bottom of 13SB1 (18 feet bgs). Ground water is approximately i 13 feet bgs.

4.4.14 AOC 14: Main Laboratory Machine Rocom
No subsurface soil samples were collected from AOC 14.

4.4.15 AQC 15: Former Greenhouse Fuel Oil UST Area

Low levels of m- and o-xylenss and ethylbenzene were detected at a depth of 25 to
27 feet bgs at 15SB1. This boring was drilled near the former UST. At 158B3, TCE
was detected at the intervals 34 to 36 and 54 to 56 feet bgs with respective
concentrations of 0.66 and 0.69 pg/g. TPH were present in borings 15SB1 at a depth
of 25 to 27 feet bgs, in 155B3 at a depth of 34 to 36 feet bgs, in 155B4 at a depth of
9 to 11 feet bgs, and in CECRL19 at depths of 5 to 7 and 10 to 12 feet bgs. The
highest concentrations of TPH were detected closest to the former USTs at CECRL19
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CRREL: RI Repon

Section No.: 40
Revision No.: i
Date: March 18, 1994

(700 to 770 ug/y), and decreasad in concentration away from the former USTs (170
ug/g at 15SB1 and 14 pg/e at 15SB7). Figure 4-10 illastrates the detection intervals.

Methylene chioride, a suspected laboratory contaminanz, was detected in all samples
from 15SB1 witn concentrations ranging trom €.0050 to 0.0060 pg/g.

Headspace screening of total VOCs suggests that lateral migration of contaminanis in
the soil and perched watsr zone located in the vicinity of AGC {5 may have
occurrzd. There is no indication of VOC contamination at boring 15884, which
penetrated dry soil approximately 300 feet south of the former USTs. Howsver,
screening detected VOCs in perched water at 34 feet bgs at 13SB3, located
approximaiely 140 fees south of the former UST. Scil from an insermittent perched
water zone between 12 and 50 feet bgs at 155B2 contained elevated concentraaons of
VOs as measured by the PID.

4.4.16 AOC 16: Former Open Storage Area

Based on the one boring (16SB1) dsiiled w 10 feet bgs, no halogenatzd organic
contaminaton was detected. Similarly, field screening of headspace showed no
ingication of VOC contamination.

Methylethy! ketone (MEK) was detected at a concentration of 0.014 ug/g in the 7 10
9-foot bgs sample.

Methylene chloride, a suspected laboratory contaminant, was detected at @ 10 11 feet
bgs at a concentration of 0.0030 ug/g.

4.5 Ground Water

To assess the nature and extent of ground water contamination, five rounds of
samples were collected from ground water monitoring points at CRREL. Found one
was preceded by USAEC sampling, during which the production wells (CECKLO1
through CECRL0S) and the Ice Well (CECRL6) were sampled. The first twd rounds
of samples were collected from the production wells, the Ice Well, and mwonitoring
wells existing at the time (CECRLO7 through CECRL12). The foilowing three rounds
of samples were collected from the CRREL production wells, the Ice Well, and all
existing moniioring wells from the Phase [ and Phase I investigations (CECRLU7
through CECRL20). In the fourth round of sampling, CECRLO? was unabie to be
sampled due to maintenance; CECRLO! could not be sampled during ihe fifth round

of sampling for the same reason. The Hanover standby well was sampled during all
five rounds.
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CRREL.: RI Report

Section No.: 4.0
Revision No.: 1
Date: March 18, 1994

The approved Phase II work plan mandated that iwo complete rounds of ground
water samples be :aken, with a 30-day irterval between each round. Upon review of
the resuits from the {irst two rounds of data, and subsequent discussion with USAEC,
a third round of ground water samples was collected (see discussion of "GT" values
in Section 2.6.3.3.1).

In this secticn, the ground water monitoring points at CRREL are divided into three
caiegories: the Ice Well, the production wells and the Hanover standby well, and the
monitoring welis. Detected compounds from all sampling rounds are discussed
accordingly.

Table 4-7 summarnizes the detections of chiorinated and non-chlorinated compounds
found in the ground water at CRREL. In this table, aromatic hydrocarbons detected
by the GC and GC/MS analytical methods are presented. The compounds detected
through GC analvsis are listed under BTEX Compounds and the compounds detected
through GC/MS analysis are listed under Aromatics.

I this szcrion, the results from both analyses are reported. However, the compounds
descnbed in Secnion 4.5.1 were detected using only the GC/MS method and thus no
written clariticagon of method is necessary. In Section 4.5.2 most of the
non-chlorinated compounds were detected using the GC method, and therefore, a
description of the analytical method used is necessary only when a compound has
been detected by both the GC and GC/MS methods, or solely by the GC method. In
Appendix O, aromatic hydrocarbons are *sted for both the GC and GC/MS analytical
meshods. Figure 4-11 illustrates the distribution of VOC contamination in ground
water for all five rounds of sampling. Figure 4-12 illustrates the distribution of TPH
and BTEX contamination in ground water for all five rounds of sampling.

4.5.1 Mature and Extent of Ciorinated Compound Contamination
In the analyses of sampies of CRREL ground water, 14 chlorinated compounds were
detected:

e TCE

» PCE

»  1.2-Dichlorcerhene (Cis and rans isomers)
o §,1.2.2-etrzchicroethane

+ |, i-dichleroethene

o Ckleroform

o (Cis-1,2-dichioroethene

+ 1, 1-TDechioroethene (1,1-DCA)

»  Methvlene Chloride

; TEPS.rirscon.fi_mt. 4-30
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Tabie 4-7: Detscted Compounds in Ground Water Page tol 2
CRREL Sae inveetigation

Site 10

VOLATILE ORGANIC COMPOUNDS (wp)

AROMATICS
1 2-Dwmethylbenzene/o-cylens - - e - -
1.3 Dimethybenzene/m- xylens - - - - -

Banzene - - - - -
Ethybenzens - - - - -
Touene = = = - @

Tnmethybenzenes = = = - =
Xylens (1cia) = = = - -

CHLORIKATED ARDMATICS
Chioraberzens - - - - -

HALOGENATED ORGANCS
Chigromethare - - - - -
Chiorosthane - - - - -
Methyiens Chiorie - 84 00 8 - -
1.1 Dichiorsthens = - - - -
1.1-Oxchiomethans - - - - -
1.2 0ct Y 1.2-Di {ca and vare) - = - - -
81,2 Orchiorosthyleney as-1.2-Oichiorosthere: = = = o -
Chorolonn - 050 o © -
*.2.0cheosthane - - - o -
1.1,1- Trehiorosthane - - - o -
Carmoon Tetrachionde - - - - -
Sromoschiororethane - - - - -
T ncriorosthens 830 (930) 500 ¢ 850 ¢ - 0
1.3-Dchioreyopane - - o @ -
Débromochionmet:ans = = - - -
1,1.2- Trchiomethane - - - - -
1.1.22 Tarachiorosthans - - - - -
Twirachiorosthane = - - - -
Carmon Dwufde ca o . - -

WA TER SOLUBLES
Methyisthy! ketone (MEKY2-Bisanone - - = - -
MethyhecauM ketors (MIBI(y4-Mathyl-2-Pertanone - - < - -
Maothyt-n-Duty! ketong (MNBK)2- Hexarone - - = - -

OTHER
T nchiorafiuoromethune - - - - -

BTEX COMPOUMODS ()
1.3 Dxmethybenzenem- rylens - o o = -
£ thybenzens o o = o = f
Toene - . - = o i

Tnmethyenzenes - - - - o
Xy'enas (Totah) o o o - -

TOTAL PETROLEUM HYDROCARSONS (ught) - - - - - i

NOTES:

{} ngcaies analyw « detectad by Analy¥cat ** Laboratory estimessdt wiua derived from a reported i
Method UGO 5 - Halocarbons in weser by GC/CON 500 GT detection

- Dashes ndcae tha the analyle is present deiow the *** Dutaction by Analytcel Method AVS - Volatie
Oetechon kmi ;T able nchuder detacied analyies only Aromaic Cormpounde in waser by GG

* Laboraiory sstmaied vakue Gerived from a reporied # Significant figues reflect diiution tactor i
150 GT dataction

k 6708281 TEPS riraport.i_op.o8 GV17/84 4-31 g-U,




Tabie 4-7: Detected Compounds in Ground Water Page 20l 22
CRRAEL Ske nvestigadon

( STe
Site Type

Sampte Depl () -

cmn-b_" B

QC Type
VOLATILE ORGANIC COMPOUNDS (ugA.)

ARCMATICS
1.2 Timnathyben2e s o-rylens - - - - -
1.3 Uimethyberzene/m- xylene - - - 10 -
Benzene = = - = =
Ethybenzens = = & - =
Toene - = = " =
Trimethybenzenes - - . - -
Xylones (ixa) - - - = =

CHLORINATED AROMATICS
Chiarabenzens - - - - -

HALOGENATED ORGANCS
Chioromsthane - - - - -
Chiorosthane - - - - -
Msthylere Chioride - a2 83 - -
1.1-Oxchiorosthens = = = - -
1.1-Dichiorosthane & < = 3 -
1,2-Dchiorosthylsnes/ 1 2-Dichiosthenes(cis and trans) - o & - -
cs-1,2-Dichioroethylsne/ cis- 1 2-Dichiorosthens - 0.81 - - -
Chiorolorm = 38 14 = =
1,2-Duchiomethans - - = © -
1.1,1- Trichiorosthane = = = < =
Casbon Terrachioride - - - - =
Bromotchicrometiang - - ~ - -
Trchiomethens 140 (2200 0 78 6 ° 2000 #
1,3-Oichirapropene - - - - -

Dbromochioromethane = o e © -

1,1.2-Trichiorosthane - - - - -

\ 1.1.2.2- Tetrachiorosthans - = = e -

Tetrachiorosthene 8 - - - -

Carton Disultide - - - - -

WATER SOLUBLES
Methylsthy! ketone (ME Ky2-B.tanone - - - 5400 -
Methyhaobuty! katone (MIBI)4-Methyl-2-Pertanone - ]
Methyt-n-duty! iugtone (MNBIK)2- Hexanone - -

OTHER
Trchioroforomethare = = @ =

BTEX COMPOUNDS (*™)
1.3 Dwmathybenzenem: xytene ~ - - - -
Emybenzena - . - - - y ¢
Tolusne . = = - = .
Tomsthybenzeres - - - - - i
" Xylenes (Totah - - - = = jal

TOTAL PETROLEUM HYDROCARBOMS - = = - -

NOTES: 54

() ndicates anaivies desected by Analyticss = Lubormory eximesed vaius Jerved fom & roned
Method UGO 5§ - Heloobon n water by GCCON 100 GT dwction I
- Dashes NOCte ha e andiyie s Dresant basiow ho ** Detecsion by Analyticas Mathod AVS - Voiatle
Gatechon lmit; T able r:oludes doteciad analyies only Asorratic Compounds In wader by CC

* Latoratory 6s3Tatsd vakm derved Hom a reponed # Significart figurse reflect dition tacor }
150 GT desscuos

s
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Table 4-7. Detected Compounds in Ground Water Page 3 ul 22
CRREL Sie Investigation

VOLATILE ORGANIC COMPOUNDS (ugl)

AROMATICS
1.2-Dwmethybenzens/o-xylene - - - - -
1,3-Dwmethybunzene/m- xylene - - - = =
Benzens = = ® = =
Ethybenzene = = = = =
Tolene - - - - -
Tnmethybenzenos = = S - -
Xylenes *Aal) - - - - -

CHLORNATED AROMATICS
Chiorobenzens - - - = =

HALOGENATED ORGANCS
Chioromethane @ © = - =
Chioroathane - o o -
Methylene Chioride - 77 62 - =
1.1-Dichiorosthens - - - - -
1.1Dichiorosthans - - - = -
1.2 Dichicrosthyianea/1 2-Dichioshenes (Cis and trans) - - o - -
cs- 1.2-Dichioroathylens ce- 1.2-Dichioroathens o o - - -
Chioroform - - - = -
1,2-Dchiorosthane - - - o =
1,1,3- Trichioroethans - - - o =
Carbon Tatrachloride - - - o =
Bromodichioromethane - = o = -
Tnchiorosthens - - - = =
1,3-Dichioropropane o o - = -
Dibromochiormethane - - - o o
1,1.2-Trichioroschane - - = o =
1,1.22-Tetrachiorosthane - - - o -
Tatraciorosthene - - = o o
Caroon Dsulfide - = o - -

WATER SOLUBLES
Methylethy! ketone (MEKY2-Butsnone - - - - -
Metfrymobutyl keaong {MIBK)4-Methyl-2-Pentanons - - = @
Methyi-n-buty! ketono (MNEK)Y2-Hexanone - - - -

OTHER
Trchiorofiunromethane o o o - -

BTEX COMPQUNDS (")
1.3 Cwnethyenzene/m- xylene - - - = =
Ethybenzene o = - - -
Tokuane = o - - -
Tamedybonzenss o = - = - :
Xylanes (Tous) - - - - - it

TOTAL PETROLEUM HYDROCARBONS (ug) = = = = -
NOTES:
{) indcaies analyton detscied by Anslytical * Laboratory estimased velua derived from a reporied
Method UGO § - Halocarbons b weser by GC/COM 100 GT detoction
- Dashns indicaie that the anaiyte is prasent below the *** Dataction by Analytical Method AVS - Volatit
Getection lirmit;Table incudes detected analyies only Avomaic Cormpounds in waser by OC
* Laboraory estimased value derived from a reponed # Significant figures refiect diusion tactor
150 G dmiection

B
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Tabis 4-7: Dete:*sd Compounds in Geound Walee
< AREL Sie Inwsatigation

Page 4 ol 2

AROMATICS

1.2-Dimethybanzene/c-xylens
1,3-Dimethylbenzene/m-xylens
Benzerw

Ethybenzens

Toluene

Trwrathybenzenes

Xylenes (iota)

CHLORINATED AROMATICS
Chiorabenzene

HALOGENATED ORGANCS

Chiorormethane

Chiorosthane

Methylene Chioride

1,1-Oichioroethens

1,1-Dich-orosthane

1.2 Dichiorosthylenes/1,2-Dichiosthenes(cie and trans)
- 1.2-Dichiorosthyiene/ cis- 1,2-Dichiorosthane
Chioroform

1. 2-Dichiorosthane

1,1,1-Trichiorosthane

Caron Tetrachioride

Bromodichibromethane

Tachiorethens

1,3-Dichiorapropane

Dibromochiorormethane

1.1.2- Trichiorosthne

1,1.2.2-Tetrachiorosth e

Tatrachioroathane

Carbon Disuifide

WATER SCLUBLES

Methylethy! ketone (MEK)2-Butanone
Methylischutyl ketone (MIBK)Y4-Methyl-2-Pentanone
Methy-n-butyt ketnne. (MNBKKY?-Hexanone

OTHER
T A

BTEX COMPOUNDS (™)
1,3 Dimnethybenzena/m- xylens
Ethylcenzens

Tolene

Trimethybenzenss

Xyloros (Towl)

53 @.1) 8.1 a7

TOTAL PETROLEUM HYDROCARBONS {ugl)

NOTES:
() Indicates analyies d d by Analytical
Method UGO 5 - Halocarbors in weser by GC/CON
-- Dashes indicale that the anaiyte is present below the
detechon Wmit;T abie includes detected analytes only
* Laboratory estimated value desived from a reponed
150 GT devection

** Labortdory sstimated vaius derived from a repored
100 GT detection

+* Detaction by Anslytical Method AVS - Volatie
Aromatic Compounds in waser by GC

# Significant tiguree reflect diution tacior
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Tabie 4-7: Detected Compourds in Ground Water Page S ol 22
CRREL S#» iInvesdgaton

VOLATLE ORGANIC COMPOUNDS (ugt)

AROMATICS
1,2 Dimethybeizene/o-xylene - o - - -
1,3-Dimethybenzene/m-xywna - - - - -
Benzene © = = © =
Ethybenzena = = - - =
Touene 41 = - = =
Trmathybenzenes = = = = -
Xylenes (1otal) = = = = =

CHLORINATED ARCMATICS
Chiorcbenzens - - - - -

HALOGENATED GRGANCS
Chioromethane = = = = =
Chioroethans = - - - =
Methylens Chixide = = = 75 52
1.1-Dichioroethens = = = = =
1.1-Dichiorosthane = < = = <
1.2-Dicnioroathyisnee/1.2-Oichioathenas (Cis and trane) - - = - -
cs-1.2-Dicnioroethyleng’ cis- 1,2-Dichioroathens - - - -
Chioroiomm = = - -
1.2-Dcnicrosthane = @ = =
1,1,1-Trichioroethane = = @ @
Caron Tatrachioride = = = = =
Bromogichioromathane - - - - -
Trichiorosthens 31 43 100 (56 50 0
1.3Dichioraprapane = = - = =
Dibromocoromethare - - - - -
1,1.2- Trzhioroethane - - - - -
1,1,22-Tetrachiorosthane @ = - - -
Tetrachicrosthens - - - - -
Cabon Disuffide = = - o =

WATER SOLUELES
Methyletty! ketone (MEK)Y2-Buranonw - = = = -
Methylisobutyt ketons (M IBKy4-Methyi-2-Partanone - - o = ©
Mathyi-n-butyt ketone (MNBK)2--exancne 1.1 - - - -

OTHER
Tnchiorofiuoromethany o o o - -

BTEX COMPMOUNDS ()
1,3-Dimethytenzene/m-xylene @ = o - -
Ethybenzens o o - - -
Tolene o = © o -
Trimathybanzenas - - - © ©
Xyl e (Toialh) - - - o o

TOTAL PETROLEUM HYDROCARBOMS (uaA) = = = = =

NQTES:

1} indicaies analyws cetectad by Analytical * Laboratory estimased value darived from a reporied
Mathod UGO 5 - Halocarbons in waler by QC/CON 100 GT detsction

-« Dashes ndicae thal the anais is present belows the *** Detection by Analytical Method AVE - Volatile
dotection Wme;Ta.., rriudes detecied analyies only Aromatic Corrpounds in weser by GC

* Laboratory estimaged vaiue derived from x reponed # Significant tigures mfilect diktion tactor
150 GT detecikn

670838 1 TEPS.riraport.ni_mt.oR CN17/94
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Tabie 4-7 Detected Compounds in Ground Waler
CRREL Sie nvastigeton

s.'m pReao
Collection Dte .

o Type -

Pege bl

VOLATLE ORGANIC COMPOUNDS (ugl)

AROMATICS

1.2 Dimethyibenzena/o-xylene
1,3-Dimathyoenzene'm- xylens
Benzene

Ethybenzene

Toene

Trmethybenzensc

Xylenes (tolah

CHLORINATED AROMATICS
Chiorobenzene

HALOGENATED ORGANCS

Cnioromsthans

Chiorosthane

Mathylens Chioride

1,1-Dichiorosthene

1,1-Dichiorosthane

1,2-Dichiorosthyienes/1 2-Dichiosthenes(Cs and ans)
c%-1,2-Dichiorosthylene’ cis- 1.7 Dichiorosthene
Chioralom

1.2-Dichioroathane

1.1,1-Trichiorosthane

Carbon Tetrachboride

Bromodichioromethane

Tnchiorosthene

1,3-Dxchioropropane

Dobromochioromethane

1,1.2-Trichioroethane

1,1.2.2- Tetrachiorosthane

Tetrachioroethene

Carbon Disulde

WATER SOLUBLES

Methylethy! ketons (WE Ky2-Butancne
Mathybsobutyl kesone (MIBK)4 -Methyt-2-Pentanone
Methyn-butyl ketone (MNBK)2-Hexarone

OTHER
Ta

BTEX COMPOUNDS (")
1,3-Damuthybenzane/m: xylens
Ethybenzens

Toluene

Trimethybenzenss

Xylerws (Total)

46 84 30,000 (14,000) 10,000 #

200 (2,000 1,000 #

TOTAL PETROLEUI HYDROCARBONS (ugl)

= = = 500,000 #

NOTES:
{) indcaies analyes detected by Anaiytical
Mathod UGO § - Halocwrbons in water by GC/CON
- Dashse indizzte that the anaiyte is prasent beiow the
datection lmit; Tabie includes datected analytos only
* Laboratory sstirnssed value denved from a rsponed
150 GT datection

Arthur D Little

~ Laborstory setimmsed value derived 1rom a reponed
100 GT detection

*+ Detection by Aswsytical Methcd AVS - Volatile
Arormatic Cormpouncs in waer by GC

# Significart figunes reflact d¥ution factor

$70836 1 TEPS. rirsport, fi_rpe. bt 02¥1 794
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Tahia 4-7: Detecwd Compounds in Ground Water
CRRAEL Siw investigaton

LHoYY
Sie Type
Sampie Depts (1)
Colleclion Dete

0C Typs

Page ? of 2

VOLATILE DRGANIC COS®POUNDS (ugL)

AROMATIC3

1.2 Dimuthybenzens/o-rylene
1,3-Dwmeti ybenzens/m- xylens
Benzens

Ethybenzors

Tolene

Trmethybenzenss

Xylanes (total)

CHLORINATED AROMATICS
Chiorabenzane

HALOGENATED ORGANICS

Chioromathane

Chiorosthans

Methyigne Chioride

1,1-Drchiorosthene

1,1-Dichiorcssthane

1,2-0chiorosihyienes/1 2. Dichiosthenes(Cis and sans)
81,2 -Dchiorosthyiene cig- 1,2-Dichioroethene
Chiorulom

1,2-0chiorosthane

1,1,1- Tnchiorosthune

Carbon Tetrachionde

Bromodichioromethane

Tnchioroathene

1.3-Dichiorapropane

Dibromochioromethans

1,1.2- Trictdorosthane

1,1.22-Tetrachiorosthano

Tatrachiorogthens

Carvon Disutde

WATER SOLUBLES

MMethylethy! ketone (MEK)2- Butanone
Methyliaabuty! ketone (MIBKY4-Methyl-2- Pertanons
Methyl-n-tuty! ketone (MNBK)Y2- Hexanone

OTHER
Trchiorofuoromenane

BTEX COMPOUNCS (™)
1,3-Dimettybenzone/m- xyiene
Ethybanzene

Tolone

Trmnathybenzernes

Xylnes (Towd)

- e 3 -

00 # 40 ¢ -

TOTAL PETROLEUM HYOROCARBOAS (ugh)

400.000 # 806,000 # 200,000 -

NOTES:
) Indicates analy'es Jetecved by Analytical
Mathod UGO 5 - Halocaroons in vasior by GCCON
- Dashes indcate that th-  Vyte is presert below the
detection ima.Tabke « s detecied analyies only
* Laboratory estimaed vaiug dervesd from a reported
150 GT dstaction

** Laborstory estimated walue tarived from a mporied
100 GT dedection

*** Desaction by Anaivtical Method AVE - Volzte
Arormsdic Campounds in water by GC

# Significant figures refhect diktion tactor

$708381 TEPS. rireport.ri_rph. . 63/1 704
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Tabie £-7: Detectat Compoursds iy Ground Weter
CRREL She Investijaton

She 1D
S Type
Sempte Deptis (R
Cobecion Date

OC Type

Peye s ol 2

VOLATIE ORGANC COMPOUNDS (ugh )

AROMATICS

1.2-Ovmet. rybenouner/o- xylens
1.3 Dimsthybanzene/m- xylers
Benzens

Edybenzene

Toene

Tnrrethytanzenss

Xylenes (1otah

CHLORHATED AROMATICS
Chicraberzens

HALOGENATED ORGAWCS

Chioromethans

Chorosthane

Mathylens Chioride

1,1-Dichiorosthens

1.1-Dichiorosthans

1.2-Dchiorosthyienew/1 2-Dichiosthenes(Cis and tans)
cs-1.2-Dichiorouthylens/ cis- 1.2-Dichiorosthens
Chiprotomn

1.2-Dichicrosihane

1.1,1-Trchioroethans

Carton Terachioride

8romodichioromathane

Tnchiorosthens

1,3-Dichioropropane

Dbromochioromethane

1,1 2-Trchiorosthone
1,1,22-Tetrachiorosthane

Tatrachiorosthens

Caroon Disulfide

WATER SOLUBLES

Methylethy! katonw (MEK)2-Butanone
Methylisobutyl katoras (MIBX)4-Methyi-2- Pertanone
Methyi-n-butyl ketone (MNBK)/2-Haxanone

OTHER
Trchiorofucromethane

STEX COMPOUNDS (™}
1,3-Dimathybenzenem-xylene
Ethytenzene

Toluene

Tnmathy enzenss

Xylones (Tota)

823

TOTAL PETROLEUM HYDROCARBONS (uod)

NOTES:
) indcates anaiyies dstoctad by Anmytical
Mathod UGO § - Hedocarbons in waser by GCCON
- Dashes ndicate that the analyte is present boiow the
detection irw; Table inciudes detected analyies only
* Laboralory estimesed value derved trom a repcied
150 GT detaction

** Laborstory estimetesi value derhad from a reporied

100 GT detection

*** Daimction by Analytical Method AVS - Voiatile
Aromaic Cormpounds in wter by GC
# Significar “igume refiact ditution factor

6708381 TEPS. rireport.ri_rpt .0 17/84
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Tab%e 4-7: Detecterd Compoundds in Ground Weter Page ol 22
CRREL Sie investigaton

She D

Gl Type

Seenpie Dephs 3
Collection Cote

C Type
VOLATILE ORGAKIC COMPOUNDS (194

AROMATICS
1.2-Drnethybenzens/o-xylane S - - o =
1,3 Dimethybenzane ™ rylens = - - = -
Banzene - - - - -
Ethybenzene =
Tahene - o -
Trmathyberzenss - - - - -
Xylenes (102) - - - - -

CHLORINATED AROMATICS
Chiorbnzens - - - = -

HALOGENATED ORGANCS
Chioromethane - - - - -
Chiorosthane - - - - -
Methyiene Chioride 30 34 0 # X0 s -
1, 1-Dichiovosthers - - - - -
1,1-Dichiorosthane - - = - -
1.2-Dichioroathyicnes/1 2-Dichiosihenss(cis and rans) o - - - -
=-1.2-Dichiorosthylene/ cis-1.2-Dk wne = = = = =
Chioralonm - - - = =
1.2-Dichiorosthane - - - - ~
1.1,1-Trichioroethane = o @ = =
Caroon Tetrachioride - - - -
Bromodichioromethane =
Trchiorosthens 1,000 # 1000 # 10000 # 10,000 # 780 ¢

1.3-Dichioropropane - - = -
Dbromochiorcrmethane - = - -
1.1.2-Trichiomathane - = = =
1,1.22-Tetrachiorosthane = D = =
Tetrachiorosthene - = o =
Carbon Disuttide = - - -

.

WATER SOLUBLES
Methylsthy! ketone (MEK)Y2-Butanone 73 52 - - -
Meshylisabutyl ketone (MIBI)4-Methyt-2-Pertanone - - - =
Mettryi-n-tutyt ketone (MNBIC2-Hexanone < = = o

OTHER
Tnchicrofluoromethans - o = o -

BTEX COMPOUNDS (™)
1,3 Dimethybenzenem: xyleno - - S = =
Ethybenzens = - o - -
Touene - - - - -
Trimsthyberzenss = o - - - ‘
Xylenes (Towl) - - = - = N

TOTAL PETROLEUM HYDROCARBONS (o) - - = - -
NOTES:
{) \ndicates analytes detecied by Aneiytical ** Laboratory estimmed valug derives !m & mporied
Method UGO 5 - Hetocarbons in w 2er by GCCON 100 GT detection n
- Dashes indicate ¥:at the anaiyie s present beiow Te ** Detection by Analytical Method AVS - Volasile ’
detection kmi; T zbis includes detected analytes only Arometic Compounds in water by GC
* Laboratory estimesed vaiue derved from a reponed # Significant figures reflect diiution fzctor
150 GT detection

2 i
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Taide 4-7: Detected Compounds in Ground Water Page 10 ol 22
CRREL Sie Inveatigation

She 1D
She Type

Sampie Depth (N
Coactien Dete:

OC Type.
VOLATILE ORGANIC COMPOUNDS (g4

AROMATICS
1.2-Dwmethytbenzene/o-xylens - - - - -
1.3 Demathybenzene/m rylens - . - - -
Ethvbenzena - - - - -
Tokern = [-§:] - - -
Trmathybenzense - - - - -
Xylores (lotal - - - ~ -

CHLORINATED AROMATIC3
Chiorabenzens = = - - =

HALOGENATED ORCANCS
Chioromsthane 13 - - - -
Chiorosthane - - - - -
Meihylene Chionde - 12 - - -
1,1-Dchiorosthens - - o B -
1.1.Ochiorosthare = = @ = -
1.2-0chicrosthytenes/1 2-Dihioethenes(Cis and rans) - - - - -
cs-1.2-Orchiciosthylsne/ cis-1.2-Dictiorosthens - = = - =
Chiorolorm - as - - -
1.2 0:chiorosthane - - . - -
1,1,1-Trichiorosthara - - - - -
Carvon Tetrachionce - 1.7 ~- - -
Bromodichiorormasthane - - - - -
Tnchiorosthens 2800 ° 410 ° 8000 8 s00 # 20,000 ¢
1.3-Cichbrapropane - - - - -
1,1 .2-Trchiorosthans - - - - -
1.1.22-Tatracnicrosthans - - - - -~
Tetrachiorosthene - - . = -
Cason Duuifide - - - - -

WATER SOLUBLES
Methylathy! katone (ME Ky2-Butanone - - o o -
Mathysecbuty! ketone (MIBK)y4-Methyt-2-Pertanons - -~ -~ - .~
Mathyt-n-butyt ketone (MNBK)Y2: Hexanone - - o o -

OTHER
Tnchiorofuoromesthane - -] = = © !
+
BTEX COHAPOUNDS (™)
1.3 Dimahybenzersm xykce - - - - -
Ehybenzens o o - - -
Tolsene - 4.50 413 219 -
i Tamethybenzenes - - - - = iy i
Xylenss (Total) - - - - o
TOTAL PEYROLEUM HYDROCARBOMS (upA ) - - 140 - - ,
NOTES:
0 b by Al * Laboratory estimmied vaue cerived ffom a reponed '
Method UGO § - Halocarbons in waser by GC/CON 100 GT detecton
-+ Dashes indicate that the anaiyie is presunt below the ** Detaction by Anaiviical Mettoi! AV - Volatie
datection lrrit;Tabie Includes deteGied analylos only Arorratic Compounds i weser by GC
' Laborasory ostimated vaiue derived from a reponed # Significart figuras reflect dition facior
150 GT detection

r 6708381 TEF'S. rirenort.ri_rpt.txt.02/1 7704 4-40




Tado 4-7: Detected Compourds i Gre: 1 Water
CRREL Sae inwestigaton

She 1D
Sie Type
Sampie Deptts ()
Codertioxy Date

jCC Ty

Page 110t 22

JOLATILE ORGANIC COMPOUNDS (ugh)

ARODMATICS

1.2 Dmethybenzener O-xhene
1,3 Dwrethybezere/m ryisne
Bergene

Emvbanzens

Tolers

Trmatryberzenes

Xytonre, (ot

CHLOMMA 'ED AROMATICY
Chicrooenze 2

HALOGENATED ONGANCS

Chiorormohare

Chorosthane

Mathyiers Chiorde

1. 1-Dchisrosthens

1,1-Du riorosith ang
1.2-Dchioroathyisnes/ 1 2-Duchioachenee (Cie and Uans)
cis-12-Oxchiorostyiene’ - 1.2-Dichiorosthe
Chicralorm

1. 2Ochiorethans

1.1,1 Trichiocsthane

Casbon Terachibnde

Eromodchioromethar s

Tnchiorcathens

1,3-Dichiproprxans

Drormochiorormeshans

1,1.2- Trichiomsshanc

1,122 Tetrachiorcathas 2

isirachioroathena

Cahan Disulfide

WATER SOLWALES

Mathylettry! ketons (MEK)Y2-Butanore
Merhylsobutyl kesone (MIBKY4-Methyt-2-Pertanons
Methyl-c-butyl ketons (MNBICY2: Hexanone

OTHER
Trchkorafucrormathans

BTEN COMPOLWDS (™)

1.3 Dimatnybenzene/m- xylene
Ethybenzens

Toserm

Trnethybenzenss

Xyienes (Tow)

TOTAL PETROLEUK HYCROCARBONS (ugd )

00 220 20 hod

NOTES:
() indicatas andiywes datercted by Anel, lical
Muthod UG 5 - Halocarbors in weer by GCCON
- Dashss ndicsie that the anaivte is present Laiow ine
dataction inx; Table incudes deteaed malyles only
* Laboratery estimated value derved from a reponed
150 GT detection

* Laboratory aetimee>d valus derved from 2 reponed
10G GT dstection

*"* Detection by Analytical Method AVS - Volsile
Arormatic Campounds in waser by GC

# Significant figures refiect dition tactor

708381 TEPS. firepont.ri_mpLbe.0F 1774 4-41
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Tabie 4-7: Detscvad Compounds in Ground Wewr Page 12422
CAREL Siwr irveetigetion

Slte ID
Siy Type

Savnis Dept (%}
Colection. Deie

OC Tvps
YOLATILE CRGANIC COMPOUHDS (wpl)

AROMATICS
1.2 Dwrsthylosnzene/d> rylans - - o o o
1.3-Dsrwthyenzone™ xytlene - = = - -
Bargens - - = o o
Ethytornzene - - - - -
Towsmne = - - 12 -
T methybenzense o - - - -
%yienas (16a) - - - - -

CHLORIMATED AROMA TICS
Chiorberzsne - - - - -

HALOGEMATED ORGANCS
Chioromethano = - - = o
Chiorosthane - - - - -
Methylens Chiorde (X - - - Y]
1,1-Dchioroethens - - = o =
1.1-Dichicrosthane - - - - -
1 2-Dchiorosthytenes/ 1 2-Dichiosthenosicis and rans) - - - = 18
cs-1.2-Oiohiorxaldwisny cis-1.2-Dichiaoetwie - - - - 95
Chioralorm - - = - 17
1.2-Dchioroetane - - - - -
1.1,1- Trchioroethane - - o = =
Caron Tewachioride - - - - -
Brormodchiorormathans = @ o o =
Tnchiorcethens 0 ¢ & a 10 2000 §
1.2 Dichioropropane - - - - -
Obrorrochiorornsihane - - - - -
1.1.2-Trchioroethane - - - - -
1.1.22- Tetrachiorosthane - - - - -
Tetrachicrosthens - - 18 - -
Caroon Dwullide - - - - -

WATER SOLUBLES
Methylathy! ketone (MEKY2-Butnons = = “ = 10
Methytactutyl ketone (MIBKY4- Metiyt-2-Pentanone = > - = -
Methytn-tautyl ketone (MNBK)2- Hexenone o = - - -

OTHER
Trchioroforomethans - = = = =

BTEX COMPOUNDS (™)
1.3-Oemmthybenzene/m: xylene - - - - -
Ethybenzene o - .- - -
Toene - - 121 - - +
[ Trhmethyben2enss - - - _ - i
Xylanes (Total) - - - - - ]

TCTAL PETROLEUM HYDROCARBONS (ug ) - - 120 - -
NOTES: i
{) indicates anaiyies detected by Analvtical ** Laboratory estimeted vaius derivad from a reponied t
Method GO 5 - Halucarbons in weler oy QTICON 100 GT detoction |
- Dashwes indicate that the anaiyte is prosent below the ** Detection by Analytical Method AVS - Volatile
detaction ki, Tabie includes detected analytes only Aromatic Compounds in waler by GC
" Laboratory estimstec vaius derved irom a reponed # Significant iigures reflect dilution factor
150 GT de‘action

T RN g ot
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Tabie 4-7. Cotectd Corpounds in Qroneed ety
CRREL Sits Imastieten

Sw D
S Tyes
Samgts Dspl $4
Colocisn Dotn

0C Type

Puge 34 R

VOLATRLE ORGANIC COMPOUNDS Jusd )

AROMATICS

1.2 Dwratwibaraena o rfaras
1.3 Dwnethybunzeny'n ;e
Benzere

Etwbenzens

Tousre

Tamethybenzenas

Kyones (ks

Cril. ORINATED AROMATICS
Chiorabenzens

HALOCENATED ORGAMCS

Chiororratnens

Chiorosshens

Methyis'd Chioron

1,1 Dchicrosthens

11Okt ane
1.2-Dchioroathylenss/1.2-Dichioaterasios &7 ¥ans)
-1 2- Dnchicrosthyisne’ 0is- 1.2 Dichiorosthene
Chioralorn

1.2-Dxchioroshane

1,11 Trchicrosthens

Carbon Terachonde

Bromodchiromsthars

Trchiomethene

1,3Oicromprapare

Dirorochiosorruthans

1.1.2- Trehlorouthane

1,1,.22-Tenachiorosthane

Tetrachonosthene

Carmon Dioulfde

WATER SOLUD ES

Methytethy! ketone (MEKY2-Butznone
Methylischutyt ketone (WIBK)4-Methyi-2-Pertanons
Methyt-n-Duty! ketone (VNBK)2: Hexanorm

OTIER
Trichorofuoramethans

BTEX CGMPOUNDS ()

1.3 Dirmuthybenzone/m-xytene
Ethybenzene

Tokens

Tnmethybenzenas

Xylenes (Towd)

H
H
H

t

-

~
N

TOTAL PETROLEUM HYDROTARBOMA (upd)

NOTES:

() 'ndicates anaiytss detecied by Analyticsl
Method UGO § - Halorarbons in wiaer by GC/CON

-« Dashes indicate that the anaite i present below the

detection kmit; T shie inCiuces d snalytes only
¢ Laboratory estimaied salue dervad from a raporied
150 GT datmction

** Labomiory estimaed value derved from & mpored
100 GT deisction

+* Cetaction by Analytical Methed AVS - Voiztie
Aromaiic Compounds i waser by GC

# Significant {guees rvfiact diution factor

67083681 TEPS. dreport.i_rpt.td.0¥17/34
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T it 4-7: Dol Sampowmsn i Craued ‘Katx
CRPEL Sitm Immaligeton

Page 4oi 22

e 57
Szt Dacth &}
CoRectiin Tnm

QC Ty

VOLATILE ORGAMC COWMPOUNDS (W)

AROMATICS

12 Dty iCenzene/o-cfens
1.3-Dimsthybercens'm-xylens
Serzere

Ethybenzene

Toluene

Trrnghyinczones

Aylenss (tota)

CHLORINATED AROMANCS
Chiorberzens

HALOGEMNATED ORGANCS

Chiorormashans

Chiorosthanse

Methytane Chiorde

1,1-Dichiorosthene

1,1 Dichiorosthane
1,2-{0xchicrostnyienes/1.2-Dichinathenae{cls and trang)
cs- 1 2Onchiorouthyiener ce- 1.2- Cichioroethene
Chiorokemm

1.2 Dehiorosthans

1,1,1- Tnchioroethanse

Caroon Tetrachionds

Bromodchiororuathans

Tnchiorosthens

1,3-Ochioroprapens

Cbrarochicromethane

1,1.2- Trichiorosthand
1.1.2.2-Tetrachiorosthane

Tstrachioroathene

Cabon Dsulide

WATER SOLUBLES

Mathylethyt ketone (MEK)Y2-Butanne
Mettydisabutyt katons (MIBKy4-Metyi-2-Pertancne
Mathykn-uty! ketone (MNBK)/2-Hixarone

OTHER
Tnchiorofworomathane

BTEX COMPOUNDS (™)
1,3-Dymethybenzena/m-xyiene
Ethybenzene

Tolens

Trimethybanzanes

Xylanes (Towal)

TOTAL PETROLEUM HYDROCARBONE (ugh )

. - - 17 -~

NOTES:
() ndicates analyies Gateciod by Analytical
Mathod UGO § - Halocarbong in wesar by GCCON
- Dashes indicate that the analyla is pesnt beiow the
detection firrat;Table includes datected) analytes only
° Laboraiory estimaied vaiue derived from a reportsd
150 GT detaction

Arthur D Little

** Laboratory astimeted velue derived from a mponed
100 3T dstection

= Detersion by Analytical Method AVS - Volatie
Arormstic Compounds in wealer by GC

# Significant figurss reflect diksion factor

€708361 TEPS. ricspart.ri_mt.5¢.0 1 7/54
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Toble ¢ 7 Dotacted Compousrde th Ground Weier
CARL _ S nweatigzler

e D
o Voo
Sumpte Dopth 0
Celaction Dets

o Tye

Pegr 50 2

YOLATILE ORGANIC COMPOUMDS (i)

LADKATCS

1.2 Dwrathybenzena/o-xyiene
1.3-Diermthyloenzens/ xylene
Berowrx

Edyberaens

Touers

Yrnmethybenzenes

Xylenas (oAl

CHLORINATED AROMATICS
Chicrobenzens

HALOGENATED ORGANCS
Chioromathane

Chicrosthane

Maethylene Chioride

1.1-Dxchiorosthens

1,1-Dichicrosthany

1.2-0chiorcsthytenea/ 1. 2-Dichiosthenes(cis &nd rans)
cs- 1.2-Onchiorosthwisne’ cit- 1.2-Dichioroothene
Chioralomn

1.2-Dichiorosthane

1.1,1-Trichiorosthane

Caroon Tegachioride

Bromodichioromethans

Tnchioroethens

1,3-Dichioranrapane

Dbromochioromathane

1,1.2- Trchiomethwns

1,1.2.2 Tetrachiorosthane

Tetrachioroathene

Carbon Disulfide

WATER SOLUBLES

Mathylachy! ketone (MEK)Y2-Butanone
Mathylioutyl ketone (MIEK)4-Methyl-2-Pentanone
Maethyt-n-tastyt ketone (MNBK)Y2-Hexanone

OTHER
Trichiorofiuoromuthane

BTEX COMPOUKDS (™)
1,3-Dimsthyberzensm zylene
Ethybenzens

Tohone

Trrnethybenzenes

Xylenas (Totad)

TOTAL PETROLELR HYDROGARBONS (upA.}

= = &

MNOTES:
{) indicaies anakes detacted by Analytical
Method UGO § - Halocarbons in water by GCACON
- Dashes indicate that the anatite s present Jeiow the
detection limey;Table incluries datected anaiyies only
* Laborssory estimessd vaius dorived from a reported
150 GT detection

** Laboratory estimetied vaiue Garved from & poned
109 GT dotection

= Dgtaction by Analyticss Method A',8 - Volatile
Arorratic Cormpounds i weker by GC

# Sighificant figuree retect dilution factor

6708381 TEPS rireport.fi_mpt.tt.0% 1 7/94
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i Tabla ¢.7; Detected Compourds In Groura Water Page 16 ol 22
CRREL 3ie inviigaton

§h5

Sk Type:

Saapie Dopr 0
acTyps:

VOLATILE ORGANIC COMPOULTTS (i, L)

AROMATICS
1.2 Ovnathybenzene/o-ryere - - - - -
* 3 Dimuthybenzenat *xylens - - - - -
Berzeny - - - - -
Etybenzens - - - - -
Tolvene 36 10 ¢ 10 ¢ 82 8]
Trmes*z7banzenes - - . - -
Xylenes (10tal) = - - = -

CHLCAMATED AROMATICS
ChioroLsnzens - - - - -

HALOGENATED ORGANICS
Chicromuthana - - - - -
Chiorosthane - - - - -
Methylens Chicride - - - - -
1,1-Dichiorosthens - - - - -
1, 1-Duchiorosthane - - = =
1,2-Dichiorosthyienea/1 2-Dichiosthenes(cie and Wans) 120 100 @ 100 @ - -
cis-1.2-Dxchioroethyiene’ cie- 1.2-Dichioroethens - - - - -
Chiorotom 1.3 - - - 37
1 2 Dichiorosthane - - - - -
1,1+ Trichioroathane - - - - -
Cartoon Tewachicride - - - - -
Bromodichiorornsthane - - - - -
Trichikvoathens 160 0 20 ¢ 4 170 *
1.3-Dichiorapropane - - - - -
Dbwrormochicromethane - - - - -
1,1.2- Trichiorosshane - - - - -
1,12 2-Terachiorowthane - - - - -
Tstrachionocthene - - - - -
Carbon Disutide - - - - -

WATER SOLUBLES
Methyiethyl katone (MEKy2-Butanore = © = S =
Methyisobuty: ketone (MIBK)Y4-Matwi-2-Pantanons - % = = -
Mothyhn-buty! katone (MNBIKY2-Heuanone - = © < =

OTHER
Trichiorofucromethans o e - = 5

BTEX COMPOUNOS (")
1,3 Dirmathybwrzene'm-xytone - - o = -
Ehybenzene o = & o -
Toktne .58 990 114 .04 o7
Tremethybanzenes = - - - - "
A Xylenes Totsl) = o - = =

TOTAL PETROLEUM H’?W(w 110 110 110 00 A0
) NOTES:
{) indicates snantes de3cied by Aneltical ** Laboratory sutrreded valua darvad from & mponad
Method UGO 5 - Halocartons in water by QCCON 100 GT detection
~ Dashas indicate that the anaiyle i preesnt boloy he *** Detection by Analytc Mathod AVS - Volatie
datection Smii, Table ncludes deterter analytas only Asormatic Compounds in weer by GC
° Labovasory estrmaed vailue dedved Iroem a ragonod # Significant figures refact dLtion factor
150 GT desection

ot
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Takie 4-7: Dowctad Cormpouszis in Ground Woter Fage 17 el 2
CAREL Site nvestigstion

Biw )

S Type

Samyte Doph (1)
Colactor o9

jocType
VOLATILE ORGANIC COMPOUNDS (ugh)

ARODMATICS
1 2-{ xrettrybour.; nayo-xylens - - - - -
1.3 Dimethyhenz ere/m xylens - = - - -
Benzene - - - - -
Ehybanzens - - - - -
Touere - - - 12 2
Tamethybenzenss - - = o o
Xylsnae (1otah - - - - -

CHLORINATED ARJMATICS
Chiorzbenzens - .- - - -

HALOGENATED ORGANCS
Chicromethane @ = o = =
Chiroainans = = @ = =
Metinylene Chioride - = = - =
1. 1. Dxchiorosthene o o o = =
1,1-Dichiorosc .ane - - - - -
1,2 0chiorosthyienes/ 1. 2. Dichiosthengs(cis and trans) o = @ = =
cn-1.2-Drchiorosihyiene’ cia- 1,2 Dichicrosthene - - - - -
Chioroksm - 390 27 o5 98
1,2-Dichiorosth ane - - - - -
1,1.1- Trchiorosthane - - - - -

WATER SOLUBLES
Mathytetmy kstone (MEX)2-Buanone - - - - -
Methyhnadutyl iketone (M IBK)/4-Mathyt-2-Pertancne - - - - -
Methyt-n-buty! ketone (MNBK)/2-Hexanons = = = = =

OTHER
Tnchiorofiucrormathane - - < = =

BTEX COMPOUNES (™)
1.3 Osmethybenzerem xylang - o o o -
Ethybanzens = - - - -
Tousne 7 - - 148 23
Trersihybenzenss - - - - - :
" Xyiones (Toual - - - - - A

TOTAL PETROLEUM HYDROCARBONS (ugl) $80 280 520 2,000 1.800
NOTES:
() Indcaies analyiss detected by Anaiytcal ** Laborsory esurnated value darved from a repored
i Hathod UGO § - Halocasbons in weter by GOCON 190 GT éntacton
: - Dashes ndcate tha the anaiyle is precent below the ~** Detaction by Ansiyical kethod AVB - Voistio
Getachon i, T able inciutas detected analyiss only Avomasic Compounds in wessr by GC
* Laborasory eshemated vakue dedved frorm & reporied # Significant figures rofiect diktion tactor
150 GT detection

W,

8708361 TEPS. rirsport.fi_t.bxt. 01 7/54 4-47




Tabie 4-7: Dstacted Compounds in Ground Wi
CRREL Siws Investigation

Yy
50 Typo
Seereie Dozt ()

1OC Type'

Page 38 of 22

YOLATILE ORGANIC COMPOUNDS (ugl)

AROMATICS

1.2 Dwrathylbenzene/o-x flene
1.3 Dimethybernzene' - xylenn
Benzerw

Ethybenzene

Tolusrs

Tomethvbenzenes

Xylenes Noiah

C AORMATED AROMATICS
Ct ‘orohenzene

HALOGENATED ORGAHICS

Chicromunany

Chiorcsthane

Marhylene Chioride

1,1-Dichiomethene

1,1-Dichioronthane

1.2-Dichiomethyienss/ 1 2-Dichicethenss(cis and rans)
.- 1.2 Dichiorethyisne ¢is- 1.2-Dichiorosthane
Chiorotom

1.2-Dichioroathans

1.1,1-Trichioro sthane

Carnon Tetrachioride

Bromodchivromathane

Trichicrosthens

1500

Dibrorochioromethane

1,1.2-Trchiorethans

1,1.22-Tatrachiorosthans

Tetrachiorocthens

Carbon Disuifide

WATER SOLUBLES

Matmyethyl ksone (MEKY2-Butanons
Mathyseobutyl ketone (MIBKY4-Methyl-2-Pentanone
Methytn-Dutyl ketons (MNBK)2-Haxanone

OTHER
Trchicrofucrormethane

BTEX COMPOUNGS (")
1,3-Dimethybenzene/m:- xylene
Etwbenzane

Tolsre

Trimathybenzenes

Xywnou (Youal)

TOTAL PEYROLEUM KYDROCARBONS (ugl |

S AP AN LTI A Bl Mt 14004170 e 0 ] g AN = PSR e T 0

NOTES:
(7 Indicates anxiyles datecsad by Anaiytical
Mathod UGO 5 - Halocartons in weter by GC/CON
- Dashes ndicsie that the anaiyte is present balow the
detaction bmit.T able inciudes detectad analyles only
* Laboratory sstymesed vaius derived from & reporied
150 GT detecticr

** Luboratory estinsied value derived from a raported
100 GT catection

“** Dataction by Ansiytical Method AV - Voiaille
Aromatic Compounds in wekir by GC

# Significan figums fdlect diution factor

6706381 TEPS..rimapori.oi_mr.x.09/17/94
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Talte 4-7: Detected Compounds in Ground Water Page 19cf 22

CRREL Sits Investigstion
VOLATILE ORGANIC COMPOUNDS (ug'L)
AROKATICS
12-Gimethybenzens/ o-xylne - - o o -
1.3 Dimethvbenzena/m: xysne - = o - -
Benzene - - - = )
Ethybenzens - - - - -
Tolene - 25 44 - 73
Tomethyberzenss @ = . . =
Xylenee (\otal) - - -
CHLORINATED AROMATICS
Chioroberzens = - - - =
HALOGENATED ORGANCS
Chioromatnans - - - - -
Chiorosth2ne o . - - -
Methylane Chioride - - - - -
1,1-Dichicroethone - - - - -
1,1-Oichiorouth ane - - - - -
1.2-Dictiorcatirylensse/1 2. Dichiosthenes(cis ang trans) - - - - -
cis: 1.2-Drchiorosthyiens/ cia-1.2-Dichioroethe & - - - - -
Chiorgtorm = = = 0 # (-]
1,2-Dichiomathare - - - - -
1,1,1-Trichiorosthane - - - - -
Caron Tevachioride - - - - -
Bromodichiorsmithane - - - - -
Tnchicrosthene 1.0 110 55 L0 8 190 °
1.3-Dichiovopropane © ) o o -
Divormochiorsmwthane - - - - -
1,12 Trichiorosthane - - - - -
1,12.2- Terachioroethars - - - - -
Tetrachioroott sne - - - - -
Cavbon Disulfide - - - - -
WATER SOLUBLES
Methylethy! ketone (MEI()/2-Butanone - - - - -
Mathylnoxutyl kstonc (MIBI)Y4-Methy1-2-Pertanone - - - - -
Methyt-.+tuty! ketone (MNBKY2- Hexancne - - o © =
OTHER
Trichiorafiuoromethane - - - - -
BTEX COMPOUNCS (*™)
1.3-Dimsthybonzena'm:-xyisns - - - -~ -
Etybenzone - - - - -
; Teduene - 3% 290 - 105 {
" Trimathybarzencs - . . - -
Xylencs (Total - - - - -
TOTAL PETROLEUM HYDROCARBONS (ugh.) - - 170 - o
NOTES:
! 0 ledicates analyies detected by Analytical ** Laboratory estimesed vakuy derived irom 2 rapodied
Method 1YGO 5 - Haloowbons in weter by GCCON 100 G detection
- Dasres ndicate that the analyte s present bekow the *** Detr.ction by Anaslytical Method AVS - Volatilo
¢ Getection lmu.T sbie includes detecter! analytes only Aromagic Sormpounds in waser by GC
g * Lahorasory estimaied value derved from a reponed # Significart figures refiect dilution factor :
150 GT detection i
H
4
!
\
Y ]
¢
" ‘
b8 1 §
l W s
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Tabie 4-7: Datacted Compounds in Ground Waesr Pege 20 oA 2
CRAEL Siw nvewtigaton

[Site 1D
S Type

Samgle Dopth (7 -~ -
cnhdmntb':“.'

| OC Type
VOLATILE ORGANIC COMPOUNDS (gL

———

AROMATICS
1.2 Dimeathybenzene/o-xylens - - - S o
1,3-Dimethybenzena/m xylens = - = - -
Benzers = = i - b
Ethybenzene - = - = o
Tolene - - 47 48 13
Trimeihybenzenes - - - - o
Xylenes (101al) - - = = -

CHLORINATED AROMATICS
Chiorcbenzene - = o = -

HALOGENATED ORGANICS
+ “hioromethane - - - =
Chiorosthane - - < - =
Mathylene Chioride o - - - .
1,1-Qichiorosthens - - - = o
1,1-Ochiorosthana - - - - =
1,2-Dichiorosthylenes/t 2-Dichioaiherss(cis and rars) - - - = -
ce-1.2-Dichioroethylene’ cis- 1 2-Dichicscatheny - - - - =
Chiorclorm [ ] . - 1.5 <
1,2 Dxchiorosthane - - = = -
1.1.1-Trichiorouthane - - - = -
Carbon Totrachiorios - = o & -
Bromodichioromethand - - - - -
Trichiorosthene 100 # 19 28 -] %
1,3-Dichioraprapane S = e & -
Dibromochiorometh.re ~ = - - -
1,1.2-Tnchioroethane - - = = -
( 1,1.2.2- Tetrachiomethane = = o - -
Tetrachiorosthwne - = o - -
Carbon Diuifide 10 = - - -

WATER SCLUBLES
Mathylethy! ketons (MEK)Y2-Butanone - - - = o
Meathylisobusst katone (MIBKY4-Methyt-2-Pertanone - - = = =
Maethyi-n-butyt ketone (MNBK)/2-Hexanone - c o . -

OTHER
Tchiorofiuoromethare - - = o o

BTEX COMPOUNDS (™}
1,3 Dimethybenzene/m: xylene - < - = o
Ethybe: 16 o o . - -
Toens 77 - 368 720 -
Trimethybenzenes = o e - -
i Xywenes (Totad) - - - - - \

TOTAL FE1R0LEUM HYDROCARBOMS (ugl) = 27 10 - ] -
NGTES:
{} indicates analy'as detecicd by Ansitical ** Laborstory estimated /ak @ derved from a repotiad
Method LIGO § - #mlocssbons in water by GCACON 100 GT dasection
-~ Uashcs indcale thai the analyte is praaen? buiow the *** Detection by Ansiytical Method AVS - Volatile
datection lmit:Table inciudes dmutad analywws ondy Aromaiic Compounce in weder by GO
* Laloratory astimeted value domdvwt o & reponad # Significant Tigurma rafiest diution factor
150 3T detecsion

S BRANS. K e o
A
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=
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Tabie 4 7. Detected Compourds in Ground Wewe
CRRAEL Site Investigaton

HAM™Y )
& Type

Sampte De, . (1
Codeclion Dete

OC Type

Page 21 ol 22

VOLATILE ORGANIC COMPOUNDS (W}

AROMATYCS

1.2 {nmetnyoenzensy o xylarw
‘.3 Owrethybenzena'™ xylene
Banzens

Ethybenzenc

Towsene

Trrruthybenzenss

Xylanas (ttah

CHLORINATED AROMATICS
Chiorobenzens

RALOGENATED ORGANCS

Chioromethans

Chiorosthans

Methyiens Chioride

1,1-Dichioroethens

1 1-Dchiorosthane

1,2-Dchiorosthyisnes/ | 2-Dichiosthends(cis and trans)
-1, 2 Dxchioroethylens ca- 1.2-Dichiorosthene
Chiorolom

1.2 Dchiorosthare

1,1,1-Trichiorosthane

Carbon Tetrachiorde

Bromodichiorornethane

Trchoroothens

1.3Dichioropropane

Obromochicrormethane

1,12-Trchicoethane

1,1,.22-Tetrachiorosthane

Tetrachiorocthens

Carbon Dmuifde

WATER SOLUBLES

Mathylathyl ketone (MEK)2-Butanone
Maxhyhsabuty! ketone (M IBKy4-Methyt-2-Fentanone
Metnyt-n-buty! ketorie {MNRICY2- Hexanone

OTHER
Tnchiorofiuoromethane

BTEX COMPOUND™ ™)
1.3 Dimethyberzene m xylene
Ethybenzane

Toluens

Trimethybenzenes

Kylorss (Total)

TOTAL PETROLEUM HYDRCCARBONS (unl)

NOTES:
(} ndicates analyies deiecd by Anaivtica!

Mathod UGO § - Hajocartons in water by GCCON
- Dashes Ndicato that e anslia i prRoeant Dukav the
datector #mt;Table includen detected anakyine only
* Laboralory estimasec valug derver! from a raconed
150 GT detecton

** Lahoritory estimesnd vaiue oarived from a reporad
160 GT goseciion

*** Detaction by Analyticsl Method AYS - Yolsle
Arornatic Corrpounds in wass? by GC

¥ Sipnificant figures reflect dlsior: factor




Tetde £-7; Deter tad Compourds in Graund Walee
CRYIEL She inwestigaton

The 0

Ske Type
Sagte Depth 1)
CoBaclion Dets

9C Type

Pege 220l 22

VOLATILE ORGANIC COMPOUNDS (ugl.)

AROUATICS

1.2 DarathybenzeneO-xylane
1.3 Demathybenzene™ xylens
Sercew

Ethyhenzene

Tolsrs

Tomsihyieezeres

Xylenes (i0ta)

CHLOGRINATED AROMATICS
Cihvorobenzens

HALOGEMATED ORGANCS

Chiorormetharvy

Chicvosthars

Methpene Chioride

1,1-Dchicvosthee

1.1-Oxchiorosthane

1. 2-Dchioroatyy'snes/ 1 2-Dichicetherias (G ard rars)
- 1.2 Dehiomethylene os-1.2-Dichiorasthens
Chirolorm

1.2 hchioroshans

1,1, 1-Tnchiorosthane

Carbon Tevachicrics

Bromodchioromethane

Trchioroathend

+. 3Ochiomprapans.

Dixormochicromethane

1.1.2-Trchiomethane

1,122 - Tstrachicrocthane

Tetrachioroathens

Caroon Disufide

WATER SOLUBLES

Methylethyl ikitone (MEK)Y2-Butanone
Methyliacbutyl etone M IBK)YE-Methyt- 2-Perkenons
Matryln-buty! kerors (MMBIKY2: Hezarcre

OTHER
Trchiomfiuorometi:ane

BYEX COMPOUNDS (™)
1,3-Dwrethybenzens/in xylene
Etybenzene

Toluens

Tameihybanzenes

Xylenes (Tota)

TOTAL PETROLEUM HYDROCARBONE (upA.)

NOTES:
{) Indcates analytos deiected by Analyticsl
Mathod UGK 5 - Halocwrbors in weser by GC/CON
- Dashes ndicars th the anaiyte i pressnt bsiow the
detacuon kmr.Tablo includes datected anslytes only
* Laborotory esuniater] valus derived from a reporied
150 GT detecsion

** Laboratory estmased value derived from a reporied
100 GT detection

*** Desaction by Analytical Method AVE - Volsiis
Arornatic Compounde in weser by GC

# Significant figures reflect diksion fadior
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CRREL: RI Report

Section No.: 4.0
Revision Mo.: 1
Date: Marcn 18, 1994

» Trcrlorofluoromethane (Freon 11)
» Carboyr Tetrachloride

»  Chlc.obenzene

+ 1,1,1-Trichioroethane

» Chloromethane

Ice Well

Two chicrinated compounds, TCE and PCE, were detected in the Ice Well
(CECRLO06) in all five rounds of sampling as well as during the USAEC sampling.
TCE concentrations ranged from 2,700 {round three) to 48,000 (round four) pg/l.,
although these values are estimated. The PCE concentrations ranged from 200 te
20,000 pg/L. with the maximum level recorded during round two.

1,2-Dichloroethene (cis and trans isomers) were detected during USAEC sampling as
well as during rounds three and four. The concentrations were found to be 100 pg/L
during USAEC sampling, 54 pg/L. during round three, and an estimated 210 pg/L
during round four.

CECRLO06 also yielded a detection of 1,1,2,2-tetrachloroethane during round four of

sampling, with an estimatcd concentration of 370 pg/L. Likewise, 1,1-dichloroethene
was detected during round three and yieided a concentration of 6.9 pg/L. Chloroform
was detected only during USAEC sampling at a concentration of 20 pg/L.

Methylene chloride, a suspccted laboratory contaminant, was detected in the Ice Well
during rounds one and two of sampling at the respective concentrations of 300 and
2,000 pg/L.

It should be noted that the Ice Well was constructed as an experimental diilling test
charnber and not a monitoring weli. Based on comparison of the static water ievel

. inside the Ice Well, and ground water levels, exchange appears to be minimal or non- "\
existent.

Production Wells
In the analyses of sampling from the production wells, five chlorinated compounds
were detected:

« TCE i
! « PCE :
+ Cis-1,2-dichloroethene
| »  Chloroform
*  Methylene Chloride
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CRREL: RI Report

Section No.: 4.0
Revision No.: I
Date: March 18, 1994

TCE was found in all wells sampled with the exception of CECRLO3. Wells
CECRLO! and CECRLO2 consistently yielded the highest concentrations, with TCE
levels in CECRLOI ranging from 500 pg/L in round one to an estimated 920 pg/L in
round five and TCE levels in CECRLO2 ranging from 7.6 to 2,000 pg/L. CECRL04
yielded the lowest TCE levels of all the production wells with detections ranging
from 3.1 to 6.1 pg/L. The TCE in CECRLOS ranged from 4.6 to 100 pg/L, with the
lower levels found in the later sampling rounds and the highest level found during
USAEC sampling. The concentrations found in CECRI0S decreased during the
transition fror rounds one and two to rounds three and four. The Hanover well
yielded a detection of 1.4 pg/L during round four of sampling.

PCE was detected in CECRLO2 only during the USAEC sampling at a concentration
of 18 ug/L. Analyses of the other production wells yielded no PCE detections.

Cis-1,2-dichloroethene was detected during round one in CECRLO2 at a low
concentration. Because the reported concentration of 0.81 pg/L was less than the
CRL, the concentration is estimated. During the same round, chloroform was detected
in CECRLO1 and CECRLO02 with respective concentrations of (.50 and 3.8 ug/L.
Chloroform was also detected in CECRLA2 during round two at a concentration of

1.4 pg/L.

Methylene chloride, a suspected laboratory contaminant, was detected in all five
produciion wells and the Hanover well only during the first two rounds of sampling.
The concentrations typically ranged from 3.2 to 8.4 pg/L. with one sample from
CECRLO! showing a detection of 200 pg/L in round two.

Monitoring Welis
In the analyses of sampling from CRREL monitoring wells, 13 chlorinated
compounds were detected:

« TCE |
« PCE

«  Trichlorofluoromethane (Freon 11) i
» Carbon tetrachloride i
»  Chlorobenzene

» 1,1-dichloroethene (1,1-DCA)

» 1,1-dichloroethene '

¢ 1,1,1-trichloroethane

*  (Cis-1,2-dichloroethene

* 1,2-Dichloroethene (cis and trans)
+  Chloroform Lo
*  Chloromethane 0 i)
¢ Methylene Chloride

B
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CRREL: RI Repori

Section No.: 4.0
Revision No.: 1
Date: March 18, 1994

TCE appeared as the prominent contaminant in the monitoring wells at CRREL. This
compound was detected in all of the monitoring wells on the siie, with concentrations
ranging from 1.0 to 200,000 pg/L.. The highest concentrations were deiected in
CECRLOS and CECRLQ9, the overburden wells closest to the Ice Well, and in
CECRLI11, a middle terrace overburden well. CECRL09 yielded the maximum
concentrations with a range from 100 to 200,000 pg/L. CECRLO8 yielded a range of
410 1o 10,000 pg/L. CECRLI11 yielded consistent detections with a range of 2,000 to
an estimated 5,200 pg/L. CECRL10, a middle terrace overburden well, showed
relatively consistent TCE concentrations, with a range of 60 to 300 pg/L. Well
CECRLI17, a lower terrace overburden well at the northern perimeter of the property,
showed relatively ccnsistent TCE concentrations of 13, 34, and 21 pg/L, respectively,
during the three rounds of sampling. Well CECRL19, a lower terrace overburden wel!
located near the greenhouse, also showed consistent TCE concentrations, with a range
of 100 to 400 pg/L during the three rounds it was sampl=d. Well CECRLi2, a lower
terrace well at the northeast comer of the property, is a water table well completed in
bedrock. TCE concentrations at this well ranged from 13 to 400 pg/L, with rounds
three and four showing the lowest concentrations.

Wells CECRL0O7 and CECRL20 were installed initially to monitor background
ground water quality. However, both wells have consistently shown TCE in samples.
Concentrations between 5.9 and 95 pg/L were observed in samples from CECRL07.
Samples from CECRL.29 showed concentrations of 19, 25 (28 in the duplicate), and
35 pg/L in rounds three, four, and five, respectively.

The five bedrock wells all showed TCE in each of the three rounds of sampling.
Samples from CECRL1S showed the highest concentrations of TCE at a range of 41
to 200 pg/L. Wells CECRL14 and CECRL16 produced samples showing TCE
concentrations of 3.5 to 170 pg/L.. Sampies taken during round four showed the
highest concentrations in wells CECRL14 and CECRL16 (160 and 170 pg/L,
respectively). Wells CECRL14 and CECRLI1S are the bedrock couplets to wells
CECRLO8 and CECRLQ9, the two wells ihat showed the highest corcentrations of
TCE in the overburden.

In addition, the Goodrich a:'d Peacock wells in Vermont both yiclded TCE detections
during USAEC sampling. TCE was found in the Goodrich well at a concentration of
17 pg/L. and in the Peacock well at a concentration of 24 pg/l..

Well CECRL.18, the bedrock couplet to CECRL19, showed a TCE concentration
range of 1.0 to 110 pg/L, and the background monitoring well, CECRL13, showed a
consistent concentration of TCE with a range of 3.2 to 4.9 pg/L.

PCE was detected in three water t2ble monitoring wells (CECRL(GS, CECRLI10, and
CECRLI1) and one bedrock monitoring well (CECRL12). During round one, PCE
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was detected in one monitoring well, CECRL12, at a concentration of 0.32 pg/L. In
the following round, PCE was detected in CECRL11 at a level of 40 pg/L. During
rourd four, PCE was detected in CECRL(9, CECRLI10, and CECRLI11 at
concentrations of 9.3, 18, and 0.93 pg/L, respectively.

During the fourth sampling round, trichlorofluoromethane {(Freon 11) and carbon
tetrachloride we-e detected in CECRLO8 and CECRL09, the two overburden wells
ncarest to the Ice Well. The concentrations remained consistent between the two
wells with trichlorofluoromethane found at 26 pg/i. in CECRLO8 and 33 pg/L in
CECRL(Y, and carbon tetrachloride found at 1.7 pg/L in CECRLO8 and 7.6 pg/L in
CECRLO9. Because trichlorofluoromethane can be a laboratory introduced compound,
it is unclear that these iow concentrations truly reflect ground water conditions at
CECRLO8 and CECRL09.

CECRLI11, a middle terrace overburden well, yielded detections of chlorobenzene,
1,1-dichlorcethane, 1,l-dichloroethene, and 1,1,1-trichloroethane. Chlorocbenzene and
1,1-dichloroethane were detected during round two at the respective concentrations of
40 and 10 pg/L. During rounds two and four, 1,1-dichloroethene was detected at
concentrations of 30 and 2.6 pug/L, respectively, with the latier detection being found
in a duplicate sample. During round four, 1,1,1-trichloroethane was detected at a
concentration of 1.5 pg/L in a duplicate sample.

CECRLI1! also yielded a detection of cis-1,2-dichloroethene at a concentration of

G.5 pg/L during the first sampling round. Cis-1,2-dichloroetheire was found in
CECRLI2 at concentraticns of 3.3 and 5.0 ug/L during sampling rounds one and two,
respectively

In CECRL11, 1,2-dichloroether:e isomers (cis and. trans) were detected during rounds
one, two, and four, and in CECRL14 they were detected during rounds three, four,
and five. The concentrations ranged from 1.6 t¢ 20 pg/L in CECRIL11 and 100 to
150 pg/L in CECRL14.

Chloroform was detected in 8 of the 14 CRREL monitoring wells. The compound
was detected in CECRLO08, CECRLO9, CECRL11, CECRL14, CECRL1S, CECRL1S,
CECRL19 and CECRL20 during round four. Detections were alsc fourd in rounds
three, four, and five for CECRL16 and CECRL19, and in rounds one and two for
CECRL1]. All concentrations remained consistently in the range between 1.3 to

90 pg/L, with the highest concentrations being found in CECRL19.

li should be noted that many of the compounds detecied at icwer concentrations
(i.e., 1,2-dichiorcethene isomers (cis and trans), cis-1,2-dichloroethene and
chloroform) are belicved te be ¢nvironmental breakdown products of PCE, TCE,
1,1,1-trichloroethane, and carbon tetrachioride.
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Chloromethane was found in CECRL0O8 and CECRL14 at concenirations of 1.9 and
2.4 ug/L. Both detections were during the third round of ground water sampiing.

Methylene chioride, a suspected laboratory contaminant, was detected in all of the
overburden monitoring wells with the exception of CECRL17, CECRL19, and
CECRL2). Concentrations ranged from 1.2 to 9,000 pg/L, with the detections in
genera! derived from rounds one and two of sampling. Well CECRL13 was the only
bedrock well to show methylene chloride, with a concentration of 2.6 pg/L detected
in round four.

4.5.2 Nature and Extent of Non-chiotinated Compound and TPH Contamination
In the analyses of samples of CRREL ground water, 11 non-chlorinated compoui:ds
were detecred:

« Trnmethyibenzene
» 1,3-Dimethylbenzene
« 1,2-Dimethylbenzene

 Benzene
« Ethylbenzene
« Toluene

¢ Xylenes (total)

¢ Methyl ethyl ketone (MEK)

»  Methyl-n-buty! ketone {MNBK)
«  Methylisobuty! ketone (MIBK)
« TPH

Table 4-7 summarizes the detections of non-chlorinated compounds found on the site.

ice Weli
The ice Well was sampled during USAEC sampling and all five RI sampling rounds.
Aromnatic hydrocarbons and TPH were detected in samples from both investigatior:s.

The aromatic hydrocarbons 1,3-dimethylbenzenc, ethylbenzene, toluene, and xylenes
(total) were detected in CECRLO6 during rounds three, four, and five. Concen'-ations
of 1,3-dimethyltenzene ranged from 31.1 to an estimated 460 pg/L and
concentrations of ethylberzene ranged from 9.22 to 150 pg/L. Toluene detections
ranged from 40 to an estimated 180 pg/L while xylenes (total) detections yielded a
range of 36.2 to 70 pg/L.. The lower concentrations of ail compounds were detected
during round five, all detections from round thiee were found vsing the GC/MS
analytical method, all detections trom round five were found using the GC analyiical
method and detections from round four were found using both analytical methods.
The compound 1,3-dimethylbenzene was also detected during USAEC sampling at a ’
concentration of 100 pg/l. using the GC/MS method. A
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Trimethylbenzene, 1,2-dimethylbenzene, and benzene were detected by the GC/MS
method only. The compound 1,2-dimethylbenzene was detected during USAEC
sampling at a concentration of 200 pg/L. Trimethylbenzene was detected during
USAEC samipling and rouna v.. ) at respective concentrations of 500 and 6,000 pg/L.
Benzene was detected during rounds three and four at concentrations of 7.6 and

19 pg/L, respectively.

TPH analyses of CECRLO6 samples yielded detections in all rounds except two. The
concentrations of TPH fonnd at this location ranged from 200,000 pg/L. during round
five to 800,000 pg/L during round four.

Production Weils
In the analyses of samples from CRREL production wells, five non-chlorinated
compounds were detected:

+  Methyl ethyl ketone (MEK)

+  Methylisobutyl ketone (MIBK)

«  Methyl-n-butyl ketone (MNBK)

+ Toluene

« 1,3-Dimethylbenzene .

MEK and MIBX were detected in CECRLO2 during sampling round three. MEK was
found at an estimated concentration of 5,400 pg/L. MIBK was deicsted at a
concentration of 36 pg/L. CECRLO2 was unable to be sampled during round four.
Another ketone, MNBK, was found in CECRL04 during round four at a
concentration of 1.1 pg/L.

Toluene and 1,3-dimethylbenzene were detected using the GC/MS analytical method.
Toluene was detected in CECRLO2 during round three at a concentratiori of 11 pg/L
and in CECRLO04 during round four at a concentration of 4.1 pg/L. The compound

1,3-dimethylbenzene was detected in CECRLO2 during round three at a concentration

of 1.0 pg/L.

TPH was not detected in the production wells.

Monitoring Wells
Seven compounds were fourd in samples from the monitoring wells at CRREL:

i
. TPH {
*  Methyl ethyi ketone (MEK) j
* Methyl-n-butyl ketone (MNBK) , 3
»  Toluene g A |4

« Ethylbenzene
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1,3-Dimethylbenzene
+ Chlorobenzene

In the overburden wells, TPH was detected at 200 to 230 pg/L in CECRL.09 for
rounds three, four, and five. TPH was also detected in CECRL10 during round four,
in CECRL11 and CECRLO7 during round five, and CECRL12 during round three,
with all detected concentrations ranging from 120 to 170 pg/L. Backgreund well
CECRL2( revealed 2,700 and 130 pg/L TPH during rounds three and four
respectively, with the 130 pg/L concentration being detected in a duplicate sample.
TPH was also detected in a duplicate sample of CECRLOS at a concentration of
140 pg/L during round five.

Detection of TPH in the bedrock wells was more consistent than in overburden wells.
Wells CECRL15 and CECRLI16 yielded TPH in rounds three, four, and five. Well
CECRL16 showed the highest levels, ranging {rom 1090 to 2,000 pg/L. Well
CECRLI14 yielded detectons in rounds four and five with a consistent corcentration
of 110 pg/L. Bedrock wells CECRL13 and CECRL18 also showed concentrations of
TPH at 620 and 170 pg/L, respectively, in round five.

Two ketones, MEK and MNEK, were detected in five of the monitoring wells at the
CRREL site. MEK was found primarily in the overburden wells, with detections in
CECRLO7, CECRLO8, CECRLI10, and CECRL11. CECRL12 was the only bedrock
well to vield a MEK detection. The concentrations consistently remained ia the 10 to
73 pg/L range. All detections were found in rounds one and two of sampling, with
the exception of CECRLI1G, whose detection: was found during the analysis of round
four. The second deiected ketone, MMNBK, was found in CECRLC9 during round four
of sampling at a level of 17 pg/L. These ketene detections, with the excepiion cf the
CECRLIO concertration, were reported as being below the CRL, and thus may not
be representative of actual site conditions (see Sectior: 2.6).

Toluene was another commonly detected compeund in the CRREL wells, with ali
monitoring wells vielding detections during rounds three or four of sampling. Toluene
concentrations generally remained below 13 pg/L, using the GC analytical method,
with the exception of two bedrock wells CECRL13 and CECRL16, which were found
to have respective concentrations ranging up to 39.3 to 23.3 pg/L.

Toluene concentrations detected with the GC/MS methed generally conespond to GC
results, with detections ranging from 1.1 pg/L. in CECRL17 to 39 pg/L. in CECRLI13.
A complete listing of all detections is found in Table 4-7.
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Ethylbenzene was detected in CECRLI11 at a concentration of 4.23 pg/L during round

five. The compound 1,3-dimethylbenzene was also detected by GC/MS during round
two in CECRLI11, at a concentration of 80 pg/L.

Chlorobenzene was detected in CECRLI11 during round two at a concentration of
40 pg/L, using the GC/MS analytical method.
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5.0 Contaminant Fate and Transport

The historical use and release of chemicals at CRREL has resulted in soil and ground
water contamination by VOCs, BTEX, and TPH. The contaminant characteristics and
the physical setting of the site play crucial roles in contaminant fate and transport.
This section discusses the characienistics of the site and organic chemicals that may
affect the fate and transport of contaminants at the site.

5.1 Contaminant Fate and Transport Characteristics

Contaminant fate and transport is controlled by physical and chemical properties of
both the contaminant and the media in which the contaminant resides. Properties of
the contaminant that will affect fate and ransport inciude:

« Solubility
»  Vapor Pressure
* Henry’s Law Constant
» Sorption
- Soil Partition Coefficient (K;)
- Organic Carbon/Water Partiticn Coefficient (K )
- Log of Octanol/Water Fartition Coefficient (K,)
+ Density
—~ Non-Aqueous Phase Liquids (NAPLs)
e Viscosity
» Degradation Potential
~ Abiotic Degradation
- Biotic Degradation (Biodegradation)

Properties of the media that will affect fate and transport include:

»  Method of contaminant disposal

»  Soil permeability

»  Soil porosity

* Presence of clays

*  Ground water velocity and direction

TR

- Diffusion/dispersion
- Advection
* Reduction or oxidation potential 1
« Presence and character of bedrock fractures 1
» Presence and abundance of microorganisms
{s
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Values of some of these properties for chemicals of concern detected at the CRREL
site are listed in Table 5-1. These values were derived under ideal circumstances and,
therefore, do not necessarily represent site conditions, but can be used as a relative
guide to estimate the propensity of a contaminant to persist, migrate, or degrade in
the environment.

The informaticn denved from the listed contaminant properties, when applied to the
physical setting, will allow for the determination of contaminant migration pathways,
predict likely contaminant fate scenanios, and identify those contaminants that are
likely te pose the most significant threat to human health and the environment. The
characieristics pertinent to the CRREL site are described below.

Solubllity: Solubility is the maximum concentration a chemical will achieve in pure
water at a specific temperature and pressure. Listed values were generated at one
atmospherz, 20 to 30 degrees Celsius. In general, a higher solubility indicates that a
contaminant is hydrophilic; it will tend to remain in solution and will be more mobile
in water than a compound with low solubility. A low solubility indicates that the
compound is hydrophobic and will tend to partition to another phase, such as air or
organic matter. Compounds detected at CRREL generally have high solubilities. The
detected aromatic hydrocarbons have a lower range of solubilities (152 to

1,780 mg/L) than the halogenated aliphatic hydrocarbons (150 to 8,000 mg/L) and the
ketones (19,000 to 268,600 mg/L).

The presence of compounds at or near their solubility limit may indicate that the

compound is in a non-aqueous phase, i.e., it exists as "pure” product. This is called

non-aqueous phase liguid (NAPL). However, some sources (Cherry and Feenstra,

1991) estimate that a NAPL, specifically a heavier than water NAPL or dense

non-aqueous phase liquid (DNAPL), can be associated with contaminant plume

concentrations as low as 1 percent of its solubility. When a compound is present as

NAPL, the mechanisms that control its fate and transport are not the same as those 1
that control the fate and transport of compounds in solution.

TCE concentrations in some wells (CECRL08, CECRLO09, and the Ice Well) were
above 1 percent of the solubility value, indicating the potential for DN.APL at the
site.

Vapor Pressure: The vapor pressure of a compound is the nressure exerted when a

solid or liquid is in equilibrium with its own vapor. A compound’s vapor pressure is

a function of temperature and indicates its relative propensity to volatilize or

evaporate at varying temperature levels. The values that are presented ip Table 5-1

were generally measured at 20 to 30 degrees Celsius. In general, compounds with

vapor pressures less than 107 mm Hg will remain in liquid or solid state at normal (\,
conditions; compounds with vapor pressures greater than 10 mm Hg are usually

i
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found in the gaseous state under normal conditions. The VOCs detected ar CRREL
have vapor pressures between 2 and 4,300 mm and, therefore, will tend to evaporate.

Henry's Law Constant: The Henry’s Law constant (H) is a relative measure of
volatility expressed as a ratio of the concentration of a given chemical in air to its
concentration in water.

H={[air}/[water]

where: fair] = concentration of the chemical in air
{water] = concentration of the chemical in water

Henry's Law constants are valid for dilute solutions at equilibrium under non-ideal
conditions. The larger the numerical value for the constant, the greater the tendency
for that compound to volaiilize. The Henry’s Law constant accounts for the solubility
and vapor pressure of cach compound. These constants become a less valid measure
of volatility for chemicals with low vapor pressures and low water solubilities. The
Henry's Law constant can range over eight orders of magnitude, from 10710 10
(atm)(m>)/mol at ambient temperatures (Arthur . Little, 1985). In general, a
contaminant with a Henry’s Law constant of less than 5 x 107 (atm)(m3)/mol will
remain dissolved in water, while a contaminant with a Henry’s Law constant greater
than 5 x 10 (atm)(m®)/mol will tend to volatilize (Olson and Davis, 1990). Based on
their Henry’s Law Constants, most of the VOCs detected at CRREL will volatilize
from water while the ketones will remain dissolved.

Sorption: The sorption of contaminants onto soil and aquifer material is generally
simplified by assuming the occurrence to be instantaneous, reversible, and
independent of contaminant concentration. Usually, organic matter is the predominant
soil component that influences adsorption of organic chemicals (Dragun, 1988). In
ground water, sorption causes the contaminant plume to be differentiated based upon
the sorptive affinities of the various chemicals in the plume. The velocity of a
retarded solute can be a fraction of the velocity of ground water. As such, although
several contaminants may be released into an aquifer at the same time, they often do
not travel at the same rate or appear simultaneously at receptor sites. Similarly,
breakdown products of primary contaminants may not travel at the same rate as the
parent compound. The primary contaminants at CRREL are poorly sorbed to soil.

The phenornenon of slowing a contaminant’s rate of transport from the source area
by sorption is referred to as retardation. Significant factors in retardation include the
presence of organic matter and clay. At CRREL, AOC 9 and the perched zone of the
lower terrace are situated in clay rich overburden; hence, sorption and thus
retardation must be considered. Moreover, the potential underestimation of retardation
1s a factor that must be considered in assessing fate and transport.
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Many ecuations have been denved to assist in predicting the tendency of a
contaminant compound to adsorb to soil and aquifer materials (partitioning
ceefficients). The reiationships and the parameters involved are briefly discussed
below. They are generally appropriate for systems that contain at least 0.1 percent
o-ganic carbon and are not dominated by high percentages of clay material.

Soil Partition Ceetficlent (K,): The soil partition coefficient (K,) is defined as the
ratio of the concentration of organic chemicals adsorbed onto soil to its concentration
in solution at equilibrium and is typicaily measured for a specific soil or chemical in
a laboratory using batch equilibrium tests. K, is an indicator of a compound’s
tendency to partition to soil.

Though the partition coefficient for a specific compound is directly proportional to
the amount of organic carbon in a given soil matrix, the percent of organic matter in
the soi! is not considered during the K; measuring process. The K for a specific
chemical will vary based upon the soil, sediment, or aquifer materiaj and will also
vary depending upon conditions such as pH, redox potential, and major ion
composition. The K, for a specific soil, sediment, or aquifer material will vary for
different chemic-ls.

Organic Carbon/Water Par:ition Coefficient (K, ): The organic carbon/water
partition coefficient (K ) is a chemical-specific measure of the relative propensity of
a non-polar compound to adsorb onto soil and sediment. K__ is defined as the ratio of
the measured concentration of a compound adsorbed to the soil phase to its
concentration in the aqueous phase. K . has been described as Ky normalized for the
amount of organic matter in soil. Because it is normalized for organic content, values
calculated for a specific chemical are relatively constant and reasonably independent
of the sotl or sediment present. It has been noted in studies of sorption of a wide
variety of compounds by various soils and sediment, that when there is sufficient
organic matter, the organic matter dominates or controls sorption.

A compound with a high K__ is more likely to adsorb onto and become immobile in
soil, whereas a compound with a low K is considered relatively more mobile
through a soil or sediment matrix. Values of K . may range from 1 to 10 (Lyman et
al., 1982). A K value of less than 10 indicates that the compound would likely pass
through a soil matrix without adsorbing to any organic material; K, values from 150
to 2,000 indicate compounds with reiatively medium to low propensities to migrate.
Compourds with K values of 75,000 and greater are considered immobile in soil
(Dragun, 1988). In general, VOCs detected at CRREL have low values (4.5 to 364)
of K . and will, therefore, not tend to sorb onto organic material. The semivolatiles

have higher K. values (1,030 w 5,500), and thus, will be more likely to sorb onto
organic maternial.
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Gcianol/Water Partition Coefficient (K,,,): The octanol/water partition coefficient
(K,..) is a laboratory-derived measure of the distribution of a compound between
octanol arid water and is used as a general indicator of a compound’s affinity for
organic matenal. A compound is placed in a beaker with octanol and water, mixed,
and allowed to come to equilibrium. The water and octanol are analyzed to determine
the amount of compound present.

The K,,, is generally expressed as a log value. A higher log K, value (greater than
four) indicates that a compound is more likely to adsorb onto organic material; these
compounds generally have lower water solubilities and are hydrophobic. Conversely,
a low log K, (value less than one) indicates that the compound is less likely to be
sorbed onto organic material; these compounds typically have higher water
solubilities and are hydrophiiic (Lyman et al., 1982). Compounds with low log K,
values, therefore, will tend to be more mobile in the eavironment. Volaile organics
typically have log K, values of less than 4 and will tend to solubilize in water
rather than sorb onto crganic material. In general, semivolatiles, pesticides, and PCBs
have higher log K, values (>4) and will tend to sorb cnto organics. The values of
log K, for compounds detected at CRREL range from .26 to 3.20 and thus indicate
a tendency to solubilize in water.

Density: The density of a compound is the ratio of its mass to its volume. The
density of a compound relative to water (i.e., specific gravity) can have a significant
effect on its migratory route from the source area, particularly when the compeund is
in its non-aqueous phase. Most halogenated volatile organics, such as
trichlorocthylene (TCE), carbon tetrachloride, 1,1,1-trichloroethane (1,1,1-TCA), and
semivolatiles, have densities greater than water. Aromatic compounds, such as
benzene, toluene, and xylenes, have densities less than water.

The primary factor controiling migration of dissolved plumes of ground water
A contamination tends to be local hydraulic gradients. At elevated contaminant 1
concentrations, however, these dissolved plumes may attain a density that can
challenge the hydraulic gradient. The plume may sini or rise over a distance from the
source area depending o the density of the plume’s constituents. Density is a
prominent issue in fate and transport if the contaminant is found in the NAPL form.
As NAPL may be presert at CRREL, density is expected to play a role in
contaminant plume rigration.

3

Viscosity: Viscosity represents the resistance of a fluid to flow under an applied {
force. A fluid that has a relatively high viscosity or is more viscous than water tends {
to flow more slowly than water. A fluid that has a low viscosity or is less viscous g
i

R

than water will tend to flow more easily through an aquifer or fracture. Many of the ;
compounds that may occur as DNAPLSs have a very low viscosity, which increases ) ! :
i their ability and wndency to migrate in the subsurface. Compounds with a viscosity g
‘.,‘ "4y

i
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less than water will infiltrate into soil notably faster than water. Several common
DNAPL compounds, such as TCE, 1,1,1-TCA, and carbon tetrachloride, for example,
will flow 1.5 to 3 times as fast as water (Huling and Weaver, 1991). Viscosity is
primarily an issue if the contaminant is present in the NAPL form. As this is a
possibility at CRREL, viscosity may play 2 role in the fate and transport of
contaminants at the site.

Degradation: Centaminant degradation can occur via many different pathways and
mechanisms, both bictic (through biological activity) and abiotic (without biological
activity). Generally, the environment will dictate or indicate the type of reaction that
is most likely to occur.

» Abiotic Degradation: Abiotic degradation occurs when compounds are altered
without microbial intervention. Abiotic mechanisms that can result in the
degradation of a contaminant include, but arc not limited 1o, denitrification,
photodegradation, reduction/oxidation, and hydrolysis. Photodegradation and
hydrolysis are not thought to be important in the fate and transport of compounds
in ground water (Olsen and Davis, 1990); however, they may be important in
surface water environments.

Iron and certain traasition metals, such as cobalt and chromium, may play a
significant rcle in the fate of contaminants in ground water since these metals
will interact with organic molecules or macromolecuies, and can transform
(reduce) certain halogenated aliphatic organic compounds abiotically (i.e., without
active mediation by microorganisms).

» Biotic Degradation: Biotic degradation (biodegradation) occurs when a
microorganism changes the structure of a compound by metabolizing it. As in
abictic degradation, compounds are transformed from one form into a smalier,

g less complex, and usually more mobile form that is sometimes more toxic than B
the original.

- The existence and type of microbes in the soil and ground water can have a H

}

i significant effect on the contaminant profile. Bacterial population profiles vary
seasonaily and determine the intermediate biodegraded halogenated organic
compound profile in the system. For example, some bacteria will reduce all
tetrachloroethane present at & given time, with the formation of only intermittent
trace amounts of lower halogenated compounds. Other bacterial profiles will
reduce the tetrachlorethane producing all possible intermediate products. Certain
compounds are more readily used as nutrients by indigenous bacteria.

.

—
25 PTG o e

Lo

Microbes require specific conditions for their colonies to thrive. Some prefer to
utilize oxygen and others prefer methane. Slight changes in the environment can

g 3%
e
i+
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enhance or inmbit biodegradation. Extremes of temperature, pH, salinity, osmotic
or hydrostatic pressures, radiation, contaminant concentrations, and/or the
presence of heavy metals, such as chromium or other toxicant materials, can
adversely influence and even limit the rate of microbial growth and/or substrate
utitization. Contaminani concentration is an importani factor in determining
whether or not biodegradat:ion will occur. Fer example, SO0 mg/L. TCE will be
ioxic e microbes; hcwever, they seem to be able to exist in ground water with
50 mg/L TCE (Fliermans et al., 1983). Solubility is also a factor in
biodegradation. In genera!, compounds that are more soluble are more readily
available for the microbes to metabolize and degrade.

Microbia: colonies have unique nutrient requirements and will prefer some
compounds to others. Halogenated compounds are generally found to be more
readily degraded in anaerobic environments, whereas the degradation of aromatic
compounds is favored in aerobic environments. However, all degradation
pathways are not favored equally. Anaerobic biodegradation of either TCE or
tetrachloroethene (PCE) produces cis-1,2-dichloroethene (cis-1,2-DCE) over
trans-1,2-dichloroethene (trans-1,2-DCE), 2 more toxic compound by a fuctor of

5 or more. Figure 5-1 shows some transformation pathways for cornmon
chlorinated compounds.

There is no direct evidence from sampling that micrcorganisms capable of
biodegradation of the primary contaminants at CRREL are present in the soil or
ground water. However, based on the presence of intermediate biotic breakdown
products observed in six wells, and chloroform in eight additional wells, biotic
degradation may be a significant process at CRREL.

Diffusion and Dispersion: Contaminant plumes will tend to expand laterally and
vertically due to the phenomenon of molecular diffusion and dispersion. Molecules
spread out to equalize the concentration in 2! parts of the system. Molecular
diffusion is the mechanism by which clay liners are eventually breached, as
contaminants will diffuse through the clay matrix as the result of concentration
gradients. This process is very slow and is not generally considered a significant
transport mechanism for ground water environments except where ground water flow
is extremnely slow and contact is prolouged. The low permeabilities and intermittent
clay lenses in the overburden at CRREL may make diffusion and dispersion localiy
significant.
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complitely dissolved, or they encounter an impermeable barrier or fracture in
bedrock. If they are lighter than water (such as the petroleum hydrocarbons) they will
collect at the top of the water table and slowly be dissolved into the ground water or
move with the ground water as a separate phase. There is no evidence that lighter
than water separaie phase petroleum hydrocarbons occur in the main aquifer at
CRREL.

Once in the ground water the contaminants will move by advection aispersion, and
gravity. The relatively low hydraulic conductivities and ground wa.er velocities in the
overburden will tend to encourage diffusion and sorption to aquifer materials, thus
increasing retardation. In the dissolved phase the contaminants will move in the
direction of ground water flow, generally toward the south and east. Downward
vertical hydraulic gradients throughout most of the site will draw the contaminants
into the deeper portion of the aquifer where they will be less likely to volatilize into
the soil, and will travel longer distances before concentrations are dispersed below
detection levels. The bottom of the overburden aquifer is composed of larger grains
and likely has increased porosity and hydraulic conductivity. Contaminants reaching
the lower portion of the aquifer are more likely to migrate further at a faster rate than
those in the silty upper portion of the aguifer.

The flow of contaminants due to density plumes is controlled by gravity and
permeability. A high density plume of dissolved chlorinated aliphatic hydrocarbons
will at first tend to migrate in the direction of ground water flow but because of the
higher density of the plume, it will sink to the lower portion of the aquifer into the
more permeable zone. Once at tire bottom of the overburden, the plume may continue
to travel along bedrock topography in the direction of downward slope, or it may
enter the fracture zone at the top of bedrock, or settle in an impermeable depression
in bedrock. The direction of downward slope of the bedrock may be considerably
different from the direction of ground water flow. At CRREL, there is an apparent
i bedrock low oriented approximately north-south in the ceater portion of the site n
where contaminants would be most likely to travel and potentially settle.

AT Pt S

Separate phase contaminants will foliow the same pattern as the high density plume, :
however, the lateral component of migration will be less significant. Contaminants !
released into the aquifer directly as a separate phase will respond little to the ground
water flow directior and will follow along impermeable layers such as clay or

bedrock until dissolved, captured by fractures, or settied in bedrock lows. {

§

P In summary, transport of contarinants through the overburden portion of the aquifer é
3 ; will expand the plume laterally and vertically through advection, dispersion, and g
| o gravity. Contaminants are not likely to partition to the soil grains, tending, rather, t0 3

. remain in ground water. The plume may expand in directions other than the primary
. direction of ground water flow.
4 s
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5.3.3 Bedrock

Flow of contaminants in bedrock will occur it bedrock is sufficiently permeable and
contaminant densities are greater than water or if there is dewnward vertica! flow. f
Conditions at CRREL satisfy all of these requireinents. Fractare zones in bedrock

trend primarily to the nerthwest with & s=cond set of fractures onented northeast.

Bedrock studies on the west side of the Connecticat River also show dominant ’
fracture directions of northwest and northeast. Fracture apertures {which may include

fracture zones) mcasured frorn geophysical logs at CRREL are from 0.16 to inches,

with most fractures in the 0.16- to 0.5-inch range. The bedrock itself appears to be

impermeabie. Flow in fractured bedrock is primarily due to advection, as dispersion

is relatively insignificant except at fracture intersections. Because thers is likely to be

little mixing in the fractures, relatively high concentrations of contaminants can be -
ransported long distances. DNAPL i {ractures can migrate te significant depths and

provide a deep source for mixing at fracture intersections. Locally, upward gradients

in bedrock may transport the dissolved contaminants back to shallower depths.

Direction of contaminant flow in fractures is dependet on the piezemetric head of |
the fractures, the orientation of the fractures, and the extent ihat they intersect
fractures of other orientations. If fractures of severai orientations intersect, the
resulting contaminant pattern will approximate that of a porous homogeneous
medium. However, if one or two fracture oricntations dominate the bedrock, the
resulting contaminant distribution will be elongated in the direction of the fractures.

At CRREL fracture flow is likely to be a significant pathway for contaminant
transporti as evidenced by the detection of contaminants in all of the bedrock wells.
However, at all of the bedrock/overburden couplet locations at CRREL, except for
the CECRL16/17 couplet, the concentration of contaminants in the bedrock wells is
significantly less than the concentration in the corresponding cverburden wells,
indicating that contaminants are transported in the dissolved phase or that mixing
occurs at fracture intersections. Both the presence of contaminants in the bedrock
ayquifer, and the downward gradients ideiitified throughout oust ol e site, suggest
that the contaminants are transported through bedrock fractures. On the west side of
e Cohtetvitut Kiver, conlaminanty have not been detacied in either the shallow ¢
deep overburden aquifer, but have been detected in the bedrock aquifer, indicating
that the primary transpori mechanism on the west side of the river is flow through ;
; fractured bedrock.
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6.0 Risk Assessment

6.1 Human Health Risk Assessment

6.1.1 Introduction

The purpose of this human health risk assessment is to determine if contamination
detected at CRREL is likely to present a threat to human health. An overview of the
site relative to potential human health risks is presented below. In subsequent
sections, we summarize site data, determine potential human receptors, and discuss
exposure scenarios appropriate tc the site.

Overview

CRREL is a 30-acre active research facility west of and adjacent to State Highway
10, and 1.5 miles north of the town of Hanover in Grafton County, New Hampshire
(Figure 1-1). The site is rectangular in shape and contains two steep hills, one of
which slopes down to the Connecticut River to the west of the property. A small
drainage pond for stormwater detention is located at the southwest corner of the site.

The CRREL facility consists of seven major buildings and other smalier support
structures, including pump houses for five production wells and a ground water
treatment building for VOC removal (Figure 1-2). This system treats water from
CRREL production wells by first pumping the water through a sand filtration system
to remove metals and then distributing the water through two air strippers. The air
effluent is treated through exposure to a carbon filtration unit. After passing through
the system, the water is used for non-contact industrial cooling and then discharged
to the Connecticut River. More information on the buildings and activities at CRREL
can be found in Section 1.2.

The CRREL site is a secured property with chain link fences and security gates that
are only open during normal working hours. A security guard is posted at one
entrance. Employees may walk the property and may spend their lunch hours sitting
on the lawn. Grounds workers are regularly er aged in landscaping activities and
gardening. A child care center is located on the southeast end of the CRREL property
for employees’ children. The area where children play at the child care center is
separaied by a fence from the rest of the property but is close to other buildings and

the lawn. Student housing for Dartmouth College is adjacent to the site on the ncrih
and south.

a

Field investigations occurred mainly on site. However, nearby off-site locations
included the Connecticut River and, in earlier investigations, 2 monitoring well
network and several residential wells located across the river from the CRREL site in
Vermont, as well as the Hanover municipal standby well, used only during severe
drought conditior~. The main water supply for the Town of Hancver comes from
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three surface waier reservoirs on a hiilside on Grasse Road. This supply is located
approximately 6,200 feet to the southeast and upgradient of the site.

Investigatiens prior to Phase 1 and Phase 1i were related to suspected TCE
contaminaton, focusing on ground water, at the CRREL site, and also included
sampling of surface water in the Connecticut River adjacent to the site, and on the
west side of the river. These investigations were conducted by various state and
federal agencies, as well as by CRREL personnel between November 1990 and June
1991; previous investigations are summarized in Section 1.2.3. The results of these
preliminary investigations showed contamination in the ground water at the
production wells and in the Ice Well. Ground water pumped from the on-site
praduction wells is used only for non-contact industrial use.

TCE was found in ground water from the Peacock and Goodrich residential wells,
located 800 to 1,600 feet from the CRREL boundary, across the Connecticut River in
Vermont. In response to these findings, the Peacock residence was linked to the town
of Norwich municipal well in September 1991. The Goodrich residence had a carbon
filtration unit instailed, and more recently was linked to the town of Norwich
municipal well. An additional residential well on the Vermont side of the river, the
Britton weli, has also been found to be contaminated and has been shut down. The
Britton residence was hooked up to Norwich Municipal Supply in Jjuly 1993.
Additional wells in Vermont, which are farther away from the site, are monitored
biannually, and have not exhibited any contamination.

TCE was found in the Phase I investigation of the surface water near the storm sewer
outfall on the eastern side of the Connecticut River (1 detect occurring at outfall out
of 3 samples taken upsiream, at, and downstream of the outfall, with a maximum
detect of 220 ug/L); there were no detects of TCE or other compounds in sedirents.
Since the time of the Phase I investigation, the CRREL facility redsigned the
industrial water supply wells and storm water discharge system to the Connecticut
River to0 include a VOC remediation system (described above). This change is evident
in the results of the Phase 1 investigation, which showed no detects in surface water
and one detect of TCE in sediments (0.27 mg/kg).

For the Phase 1 RI field investigation, 16 known or potentiai sources of
contarnination were identified as AOCs at CRREL. Most of these are USTy that
contained either TCE, No. 2 fuel oil, or gasoline. The historv of each AOC is
summarized in Section 2.1 and Table 2-2. Other AOCs at CRREL include storage
areas, ponds, suspected disposal areas, and a test well known as the Ice Well. The
purpose of the Phase I RI was to provide data sufficient to prioritize AOCs, to define
physical characteristics, and to assess the nature and extent of contamination at the
AQCs. The Phase 11 RI performed by Arthur D. Little was required to sddress data
gaps remaining from Phase 1 RI. Physical characteristics of the site were studied

6708961 TEF S suepod.th_mtin 0¥ 1794 6-2

Vom
?
i




CRREL: RI Repon
Section No.: 6.0

Revision No.: i

Date: March 18, 1994

e

through a variety of geological investigations. Chemical characteristics of the site
were defined by sampling sediment and surface water in the Connecticut River and
the drainage pond. and suiface soil, subsurface soil, and ground water. Contaminant
migration through ground water was also explored via geologic survey. In the Phase
Il remedial investigation, SVOC and metals analyses were not done based on an
Army review that indicated a lack of site sources for SVOCs and metals, and tecause
previous data reportedly showed no exceedances of U.S. Environmental Proteciion
Agency (EPA) Maximum Contaminant Levels (MCLs) (EPA, 1993b) in ground water
for SVOCs or for metals.

6.1.2 Hazard ldentification
In this section, we describe the extent of contamination found at the potential
exposure points at the CRREL site.

Surface Soils

The surface soils of AOCs 2, 9, 13, and 15, the child care center, and of the entire
site, are potential exposure locations for surface soil contact pathways; the data from
these locations are shown in Table 4-5. As may be seen in the raw data tables for the
Phase II investigatior: presented in Appendix N, analyses of samples from ACCs 13
and 15 did not find any contaminants. In AOC 2, TPH was detert=d in one of a total
of four samples at 20 ug/g. In AOC 9, TPH was detected in three of seven samples
at concentrations ranging from 20 to 320 ug/g. In addition, two VOCs were detected:
i.1,1-trichloroethane was detected once in six samples taken at 0.75 ug/g, and TCE
was detected once in six samples at an estimated concentration of 120 ug/g. Acetone
was detected 1n several samples, but as discussed in Section 2.6, acetone has been
determined to be a laboratory contamninant for surface soil analyses.

Surface Water and Sedimenis of the CRREL Pond

Two samples of surface water and two samples of sediment were taken from CRREL
pond in the Phase Il investigation (Tables 4-2 and 4-4). In the surface water,
dichlorobenzene was detected once at a concentration of 3.2 ug/i.. In the sediment,
TCE was detected once at a concentration of 1.8 ug/g.

e

Surface Water and Sedimerits of the Connecticut River i
In the surface water of the Connecticut River, the Phase II invesiigation did not :
detect any contaminants, although as discussed in Section 2.0, the Phase i
investigation did detect TCE in Connecticut River water at the CRREL outfail. In the -
sediments, TCE was detected once at 0.27 ug/g in the Phase II investigation (Tabies ;
4-1 and 4-3). The Phase I surface water and sediment data are not considered in this %
review because they are not representative of current site conditiors becsuse data was i
) collected prior to operation of the ground water treatment system. §
* T

.
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Ground Water

Ground water sample analyses found that soine VOCs, as well as TPH, were detected
in a iarge number of the samples taken (Table 4-7). VOCs that were detected in
greater than 5 percent of the samples taken included 2-butanone (MEK), chioroform,
cis-1,2-dichloroethene, terachlorethene, toluene, and trichloroethene. Trichloroethene
was detectzd in 81 of 93 samples, at concentrations ranging from 1 ug/L to 200,000
ug/L, with the highest concentration detected in CECRL09. Acctone and methyiene
chionde were detected in many of the samples, but are considered laboratory
coniarmunanis. TPH was detected in 24 of 68 samples at concentrations ranging from
100 ug/L to 770,000 ug/L., with the highest concentration found in CECRLO6 (the Icc
Well is not considered representative of local grournd water conditions since the Ice
Well fluids are encased and are not in contact with ground water).

6.1.3 Dose-Regponse Agsessment

Dose-response reiationships, which describe the potential toxicity of chemicals, are
derived by EPA from published toxicity data. From these data, EPA develops several
sets of toxicity values to provide quantitative estimates of the toxicity of chemicals
and resultant toxic effects. For carcinogenic effects, cancer potency factors (CPFs)
have been developed, while for noncarcinogenic effects, such as organ damage or
reproductive effects, EPA has developed reference Zoses (RiDs).

Cancer potency factors (CPFs) are quantitative risk estimates that relate the lifetime
nrobability of excess tumors to the lifetime average exposure dose of a substance.
The CPF (also called the cancer siope factor) is estimated by the use of mathematical
extrapolation models, most corrmonly the linearized multi-stage model, and is
presented as the nsk per mg/kg-day {i.e., mg dose carcinogen per kg body weight per
day). When adeguate human epidemiology data are available, the maximum
likelihood estimates of moidel parumeters are used to generate a CPF. When only
animal data are available, the CPF 1s derived from the largest possible linear slope
that is consistent with the data (within ihie upper 95 nercent confidence limit). In
other words, the true risk 1o humans, while not identifiable. is not likely to exceed f
the upper-bound estimate, and may be considerably lower. This model assumes that
there is no toxicity threshold and that exposures to any concentration of a
carcinogenic substance may ultimaiely cause some carcinogenic effect.

Knowr or suspected human carcinogens are classified by the Carcinogen Assessment

Group and are assigned a Weight-of-Evidence classification for carcinogenicity. The

EPA classification is based on an evaluation of the hkelihood that the agent is a

numan carcinogen. The evidence is characterized separatety for human and animal ;
studies as follows:

+  Group A: Human Carcinogen (sufficient evidence of carcinogenicity in humans) v
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»  Group B: Probable Humar Carcinogen (B1—!imited evidence of carcinogenicity
in humans; B2—sufficient evidence of carcinogenicity in animais with inadequate
or lack of evidence in humans)

«  Group C: Possible Human Carcinogen (limited evidence of carcinogenicity in
animals and inadequate or lack of human data)

« Group D: Not Classifiable as to Human Carcinogenicity (inadequate or no
evidence)

« Group E: Evidence of Noncarcinogenicity for Humans (no evidence or
carcinogenicity in adequate studies)

Carcinogenic potential may vary by route of exposure (e.g., oral and dermal); some
contaminants are carcinogenic by one route, but not another.

For substances suspected to cause noncarcinogenic chronic health effects, the toxicity
value is the RfD, expressed as chronic intake levels (in units of mg/kg-day) below
which no adverse effects are expected. RfDs provide a benchmark for the daily cose
of a chemical to which humans (including sensitive populations such as chiidren)
may be subjected without an appreciable risk of deleterious effects during a lifetime
(assumed to be 70 years). In contrast with the underlying toxicological model used in
the evaluation of carcinogenic risk, which assumes no threshold for carcinogenic
effects, the noncarcinogenic effect model assumes a "threshold" concentration;
exposures to concentrations below this threshold are not likely to cause adverse
health effects.

The basis of an RfD derivation by the EPA is usually the highest dose level
admunistered to laboratory animals that did not cause observable effects, the No
Observed Adverse Effect Level (NOAEL), after chronic (usually lifetime) exposure.
The NOAEL is then divided by an uncertainty (safety) factor, and sometimes an
additional modifying factor, to account for extrapolations from animal data and to
protect sensitive subpopulations. In general, an uncertainty factor of 10 is used to
account for interspecies variation and another factor of 10 to account for sensitive
human populations. Additional factors of 10 are included in the uncertainty factor if
the RfD is based on the lowest observed adverse effect level (LOAEL) instead of 1
NOAEL, or an experiment that includes a less than lifetime exposure.

e I

' 6.1.4 Exposure Assessment
The objective of the exposure assessment is to evaluate the potential for human
, exposures to contaminants detected at the CRREL site. Potential exposure pathways
{ are identified by evaluating current and future uses of the site. The current use of th.

o T IR L
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site is an operating research facility. The site also contains a child care center for
children of facility staff.

Potential human exposure pathways are summarized in Table 6-1 and are discussed
below.

Complete exposure pathways must consist of four clements:

« A source and mechanism of release

s An environmental transport medium for the released chemical (pathway)

« A receptor and a point of potential contact with the contaminated medium
» A human exposure route at the point of contact

Potentially contaminated media at the CRREL site may include:

»  Surface soil

»  Subsurface soil

« AIr

» Surface water of the Connecticut River
» Sediments of the Connecticut River

> Fish of the Connecticut River

»  Surface water of CRREL pond

» Sediments of CRREL pond

»  Ground water

Potential exposure routes may include: .

» Incidental ingestion of soil
»  Dermal contact with soil

3 » Inhalation of volatile compounds and/or particulates from soil P
» Incidental ingestion and dermal contact with surface water and sediments of
CRREL pond

« Incidental ingestion and dermal contact with surface water and sediments of the
Connecticut River
» Ingestion of fish from the Connecticut River
» Ingestion of ground water
»  Dermal contact with ground water
 Inhalation of volatile compounds from ground water |

W Bt T gy SoAA T I e, e
RRREAT S

Potentiaily exposed popelations may include:

- vl

+ Facility staff/grounds workers
> Future construction workers

6708351 TEP2. rireport.ri_rya.bd.03/17/04
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Children at the day care center
Recreational users of the Connecticut River
Future residential users of ground water

Potential exposure scenarios, and a discussion of their appropriateness based on site
conditions and site uses at CRREL, are described below.

1.

For facility grounds workers, exposure to surface soils across the entire site could
occur during gardening or maintenance activities. Contact with surface soils for
these workers is expected to occur only during the summer months. Only two
VOCs were detected in surface soils, both at AOC 9 to evaluate soil conditions,
37 surface soil samples were taken throughout the site. Both 1,1,1-trichloroethane
(detected at 0.75 ug/g) and TCE (detected at an estimated value of 120 ug/g)
were detected only once in six samples taken at AOC9. The compound 1,1,1-
trichloroethane has a published KfD of 9 x 102 mg/kg/day (EPA, 1993a) to
evaluaie potential noncancer risks. However, exposure to the low detected
concentration of this compound in surface soil at one location is unlikely to pose
a non-cancer risk, based on its published RfD and on the infrequent contact
expected with surface soils at this single location. The single detected value for
TCE in surface soils is an estimated value, which had been reported as "10 GT,"
where "GT" stands for "greater than." The accuracy of this estimated value
cannot be determined, based on available data. Although EPA lists TCE as a B2
carcinogen, with a CSF of 1.1 x 102 (mg/kg/day)‘1 (sufficient evidence of
carcinogenicity in animals with inadequate or lack of evidence in humans) (EPA,
1993a), this concentration of TCE is unlikely to pose significant carcinogenic
risks based on the infrequent contact expected in surface soils at AOC 9. Another
analyte detected in surface soil was TPH, however, no toxicity values exist for
TPH (as a class). Detected TPH concentrations are discussed qualitatively in
Section 6.1.5.

Potential exposure to subsurface soil would only occur for construction workers
on the site in ihe future. Construction worker exposures to subsurface soils are
not evaluated, because potential risks to construction workers are required to be
considered, as described in the Army guidance "Department of the Army
Technical Manual 5-8XX-X Construction Site Environmental Survey and
Clearance Procedures Manual" (Draft). This manual establishes procedures for
determining whether it is acceptable to construct at a particular site, based on site
history and environmental surveys. Prior to any construction at a U.S. Army
facility, the procedures described in the manual must be followed.

Children at the child care center could potentially be exposed to surface soils by
incidental ingestion or dermal contact in the day care play area during outdoor
play. Since only TPH was detected ai the child care center at low concentrations,
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exposure of children to surface soils at the center are net quantitaiively evaluated.
The concentrations of TPH in surface soils are qualitatively discussed in Section
6.1.5.

4. Inhalation of VOCs and particulates is not quantified for on site populations.
Inhalation of significant vapors originating from surface soils at depths of 0 to 2
feet is unlikely, because VGCs were rarely detected in surface soils, or were
detected at low concentrations. Because VOCs must diffuse through the soil,
potential air concentrations would likely be low. Additional dilution will occur as
a result of turbulent mixing. As a result of these processes, air concentrations,
even for a potential receptor located directly above the surface soils, are expected
to be minimal. With regard to inhalation of particulates, the site is covered by
grass, and therefore generation of airborne particulates from surface soil is only
likely if the surface landscaping is cleared.

We do not quantify the potential inhalation exposure pathway resulting from
infiltration of contaminants from soil or ground water into basements of buildings
on the site. The exclusion of this exposure pathway is based on three factors: (1)
there are low detected concentrations of VOCs in surface soil; (2) the depth tc
ground water at the site is 60 10 70 feet below the ground surface, thus the
ground water level is far beiow the basements; and (3) workers are infrequently
in the sub-basements on the site, since the sub-basement rooms are storerooms or
are unused.

5. Accidental exposure to the surface water and sediments of CRREL pond could
, occur on a very infrequent basis. Because this scenario is highly unlikely, and
' would occur very infrequently, it is not quantified. In addition, the concentrations
of contaminants detected in pond surface water and sediment are low, thus risks
resulting from infrequent contact are not likely to be significant.

6. Individuals swimming in the Conneciicut River could be exposed to surface

water or sediments by incidental ingestion or by dermal contact. However, as
, discussed in Section 6.1.2, no contaminants were detected in surface water in
Phase II sampling. In sediments, TCE was detected only once out of 15 samples,
at a very low concentration (0.27 ug/g). This low concentraticn of TCE is not
likely to pose significant risks, based also on the fact that swimming frequency in
the area of the CRREL outfall is likely to be low. Because no contamination was
detected in Connecticut River surface water and low concentrations were detected
in only one sediment sample, fish are unlikely to take up significant
concentrations of contaminants originating from the CRREL site. Therefore, the :
fish ingestion pathway is not quantitatively evaluated in this risk assessment. i

DA AL NN A .

ﬁlﬂur @ liﬁtl& 67063681 TEPS.rirsport.ri__rpt.1x1.03/17/94 6-9




CRREL.: RI Repont
Section No.: 6.0

Revision No.; 1

Date: March 18, 1994

~J

Future land use is expected to remain the same as the current use, as a research
facility. Ground water pumped from the on site production wells is used only for
non-contact industrial use, and likely future land use does not include
development of ground water wells for residential use. All residences surrounding
the site are connected to the Hanover municipai water supply. (In 1991, the
CRREL facility publicly requested that all individuals with residential wells
within a 2-mile radius notify the facility to receive free water testing. Later, the
request was extended to include any resident with a well, regardless of distance
from the site. All responses to this request were fzom the Vermont side of the
Connecticut River. No residential use wells were located near the facility in New
Hampshire.) The town water supply hook-up extends to at least 3 miles
surrcunding the CRREL facility. The Hanover standby well is used very
infrequently; it has not been used at all for the past three years. This well is
regularly monitored by the CRREL facility. The three private wells in Vermont
that were found to be contaminated have been closed, and these residences have
been hooked up to a municipal water supply. For the additional Vermont wells,
biannual monitoring ensures that any future contamination would be detected in a
timely manner. Therefore, risks related to residential use of ground water are not
quantified.

In conclusion, the concentrations of contamination detected in media for which
potential exposures are possible is so low that human health risks are unlikely. For
other media, such as ground water, there are no complete exposure pathways.
Therefore, the potential risks related to the CRREL site are qualitatively discussed in
this human health risk assessment.

6.1.5 Risk Discussion
This section qualitatively discusses the potential risks to human health associated
with each of the potential exposure media and exposure pathways at the CRREL site.

Surface Soil

As discussed in the previous section, the detected concentrations of contaminants in
surface soil are uniikely to pose significant noncancer or cancer health risks to
grounds workers at the facility. In addition, no toxicity values exist for TPH (as a
class), therefore the detected TPH levels cannot be quantitatively evaluated. For
companson purposes, the state of Massachusetts has published a not-to-be-exceeded
value for TPH in residential soils (500 ug/g) (MA DEP, 1993). The detected TPH
concentrations in site soils fall below the 500 ug/g value (maximum concentrations
range from 0.75 to 320 ug/g), thus exclusion of this class of compounds from the
quantitative analysis of risks related to site soils is probably not significant. Of the
two VOCs detected in surface soii, enly TCE is a suspected carcinogen, however the
single detected value for TCE is an estimated value. In addition, this concentration of
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TCE is unlikely to pose significant carcinogenic risks based on the infrequent contact
expected for surface soils at AOC 9.

CRREL Pond

As previously discussed, contact with surface water or sediments of CRREL pond is
not likeiy to occur, or would occur on a very infrequent basis. In addition, the
concentrations of contaminants detected in the pond were low.

Connecticut River

In the Phase II sampling round, no contaminants were detected in Connecticut River
surface water. No chemicals with noncancer health effects were detected in
Connecticut River sediments. TCE was detected in sediments once in 15 samples, at
a low concentration, which is not likely to pose significant risks.

Ground Water

No current exposure pathways and therefore risks are associated with the
contarninated ground water beneath the CRREL site. Also, as previously discussed,
residential exposure to ground water from beneath the CRREL facility is unlikely,
because the site will remain a research facility in the future. In addition, all
residences in the area of the facility are connecied to a municipal water supply. Any
new residences built in the area are likely to be connected to the Hanover municipal
water supply.

6.1.6 Uncertzinties and Limitations of the Risk Assessment

In this section, we discuss uncertainties and limitations associated with the data
collection, toxicity assessment, and exposure assessment sieps of this human health
risk assessment. Although every human health risk evaluaticn involves some
uncertainties and must, by necessity, use professional judgment, we have attempted to
consider every possible exposure scenario. The uncertainties discussed would not be
likely to change the conclusion that the risks associated with contamination at i
CRREL are minimal or nonexistent.

Data Collection '«
In the Phase II remedial investigation, SYOC and metals analyses were not done
based on an Army review that indicated 2 lack of site sources for SVOCs and metals,
and because previous data reportedly showed no exceedances of U.S. Environmental
Protection Agency (EPA) Maximum Contaminant Levels (MCLs) (EPA, 1993b) in
ground water for SVOCs or for metals. Although it was previcusly determined that
metals and SVOCs are not associated with past site activities, and are not likely to be
of concern at this site, the exclusion of these analytes from this risk assessment
introduces some uncertainty into the overall risk discussion. However, because these
analytes were previously determined not tc be of concern, their exclusion is unlikely
i0 affect the conclusions of the risk assessment.
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Finally, although an attempt was made to adequately sample ali site media, the
seiection of sampling locations may not have been truly representative of site
conditions. However, because we implemented a biased sampling strategy to detect
contaminants in the most contaminaied areas, the data represents a conservative
estimate of risk.

Toxicity Assessment

The iack of toxicity values for each chemical detected introduces uncertainty into the
risk assessment. If these chemicals actually cause adverse health effects, this lack of
data would result in an underestimation of potential site risks. There is also
uncertainty in assessing the toxicity of a mixture of chemicals. The approach used
does nc* rake into account interactions between chemicals in a mixture, which may
resuit in effects greater or less than expected. However, because contaminants at
CRREL -were detected ai low concentrations or because there is not a complete
exposure pathway, the lack of toxicity values is unlikely to change the conclusions of
the nisk assessment.

Exposure Assessment

Based on the findings of contaminated subsurface soil and ground water, basement
infiltration could be an exposure pathway, although, as previously discussed, few
workers are actually using sub-basement areas of buildings on site. Since exposures
are not calculated for inhaiation of volatile compounds in basements of buildings on
the CRREL site, the lack of quantification of these pathways may underestimate
exposures and risks related to ground water and soil contarnination.

In addition. exposures to subsurface soils could occur in the future if the ground
cover is disturbed, or if ihere is digging at the site, although the possibility of
subsurface exposure to construction workers would be addressed in compliance with
the Army guidance "Departnient of the Army Technical Manual 5-8XX-X
Construction Site Environmental Survey and Clearance Procedures Manual" (Draft),
as previously discussed.

The use of professional judgment in determining exposure assumptions for potental
exposure scenarios at CRREL introduces some uncertainty into the risk assessment.
For example, we have assumed that exposure duration and frequency are likely to be !
low for grounds workers exposed to surface soils at the site, and for recreational f
swimming near the CRREL outfall. Because concentrations detected in surface soils
and sediments are low, however, the risks associated with these pathways are likely
to be low.

PE——
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6.1.7 Summary of the Human Health Risk Assessment /'\)
Contamination concentrations for most media at the CRREL site, with the exception R
of ground water, are low and arc unlikely to pose human health risks currently or in
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the future. Although ground water contamination was found, the future use of the site
is likely to remain the same, making residential exposure to ground water from
beneath the site an unlikely exposure scenario. The existence and availability of the
Hanover municipal water supply system (which is physically and geologically
unrelated to the CRREL site) in the area of the CRREL facility further supports the
conclusion that no complete exposure pathways exist, or will exist in the future, for
ground water from beneath the site. It should be noted that the CRREL faciliy is
planning to continue with the removal of VOCs from site ground water, and that
continued frequent monitoring of the Hanover municipal standby well and the
Vermont residential wells should sufficiently protect users of these wells in the
future.

6.2 Ecological impact and Risk Assessment

6.2.1 Introduction

This ecological impact and risk assessment was performe to document any visible
impacts of the CRREL facility on local ecological resources, and to identify potential
risks of adverse ecological impacts from site-derived centaminants in soil, sediments,
and surface waters to on-site and adjacent, off-site habitats. The technical approach
for this impact assessment conforms to that outlined in Arthur D. Little’s Final Work
Plan, Phase I Remedial Investigation for Cold Regions Research and Engineering
Laboratory (CRREL), Hanover, NH, Revision 1, dated July 9, 1993.

6.2.2 Overview of Technical Approach

A brief summary of the technical approach used in this assessment is presented
below.

6.2.2.1 Ecological Research. The background ecolngical research effort during this

study included a review of the National Wetlands Inventory (NWI) map for the site .
(Hanover, NH-VT USGS Quadrangle, 1990); and correspondence with the New * 0\
Hampshire Natural Heritage Inventory Program. Occasional sightings of wildlife on

the grounds of the CRREL facility by Arthur D. Little field staff also contributed to

the ecclogical overview provided below.

6.2.2.2 Fleld Ecologlical Survey. A one-day site visit was conducted by Arthur D.
Little’s ecologist on August 10, 1993, 1o identify major habitat types, their dominant :
plant species, and any sensitive ecological receptors on site and in the immediately
adjacent, off-site areas surrounding the CRREL facility.

6.2.2.3 Contaminant Evaluation. As part of the contaminant evaluation task for the
ecological impact assessment, the following activities were conducted:

W
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+ A statistical analysis of surface soil, sediment, and surface water contamination
data for selected ecological exposure zones

+  Ecoctoxicological research on contaminants of concern (COC), by reviewing
federal and New Hampshire ambient water quality criteria (AWQC), National
Oceanic and Atmospheric Administration (NOAA) sediment quality guidelines,
ecologically protective contaminant levels (PCLs) for upiand soils, and other
published ecotoxicological data for selected faunal species

The data sources used and results of this evaluation are presented in Section 6.2.4.4.

6.2.2.4 Assessment of Ecological impacts and Risks. To qualitatively assess
exisiing impacts and potential risks to ecological receptors from exposure to
site-derived contaminants, the following activities were conducted:

+ An inventory and visual assessment of the types, apparent health, and integrity of
ali major habitats in each on-s'te or off-site ecological exposure zone

« An ecotoxicity assessment using freshwater AWQC, NOAA sediment guidelines,
terrestrial scil PCLs, and other available, COC-specific ecotoxicological data

« A qualitative impact and risk assessment for these habitats, based in part on the
calculation of COC-specific hazard quotients (HQs) and aggregate hazard indices
(HIs) for their resident biotic communities

HQs and His are calculated by dividing the average and maximum COC
concentrations in soil, sediment, and surface water of each exposure zone by their
corresponding toxicity threshold concenirations, such as NOAA sediment guidelines,
and New Hampshire freshwater AWQC. HQs or His in excess of 1.0 are considered
to represent a potential ecological risk, respectively, for individual COCs or mixtures
of COCs. HQs and HIs between 1 and 10 often are considered as "low potential
risks,” and those above 100 may indicate "high potential risks."

o~ PP

Since this is a screening-level ecological impact and risk assessment, no modeling of
indirect, food chain exposure risks to individual indicator species is performed. For
small mammals found on site, such as rabbits, however, a few estmates of i
worst-case exposures from ingestion of terrestrial soil contaminants are made to
provide some context for qualitative risk considerations.

6.2.3 Biota and Ecosystems Inventory

R~

6.2.3.1 Overview of Study Area Ecosystems. Figure 6-1 is a site locus map. (\3 |
Figure 6-2 (plate) is a detailed site plan showing the site’s topography, locations of i
S
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dominant plant communities within and immediately adjacent to the CRREL
property, and the soil, sediment, and surface water sampling locations. Brief
descriptions of major habitats are presented below for on-site and off-site ecological
exposure zores.

6.2.3.1 On-Site Habitats. As reflected in the following descriptions, the CRREL
property contains very little terrestrial, wetland, or aquatic wildlife habitat, due to its
extensively developed nature.

On-Site Terrestrial Habitars: Upland vegetative cover consists entirely of maintained
lawns and foundation plantings around the buildings, such as small flower gardens,
and both deciduous and evergreen shrubs and trees.

On-Site Wetland Habirats: No on-site wetland resources appear in the NWI map,
presented in Figure 6-1. Rather. the NWI map shows only a broad drainage swale
formed by the 460-foot elevational contour, across which an earthen berm was built
during the 1980s to create the stormwater detention pond located in the southwest
corner of the property. A small palustrine wetland, however, has since become
established within this pond (see Figures 6-2 and 6-3A). Based on its hydrology,
soils, and emergent wetland vegetation such as cattails (Typha latifolia), this
vegetated detention pond area may qualify as "waters of the United States” under
Section 404 of the Clean Water Act (33 USC 1344).

Controlled discharges of stormwater and process water are periodically pumped from
the northwest corner of this pond/wetland through a closed-pipe system and
discharged into the Connecticut River. This pond, however, is a low quality wetland
unlikely to provide significant food or habitat resources for wildlife, for three
reasons:

« It is isolated from the water table by a clay liner and is seasonally dry

« It is routinely used to detain stormwater and has previously been used for
detention of urea/water solutions

« It is used as a disposal area for suils and lawn trimmings

On-Site Aquatic Habitats: No perennially flooded surface water bodies or waterways
occur on the CRREL property. Since the cattail-dominated stormwater detention pond
described above dries up seasonaily, it is not considered a true aquatic habitat.
Intermittently flowing drainage ditches on the CRREL site also are not considered as
aquatic habitats within which faura are likely to be exposed to site-derived sediment
or surface water contaminants.

ﬂ\'th“’ D little 6706361 TEPS. rireport.fi_fpt.0t.0/17/04 6-17
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Figure 6-3A: Southern aspect of eastern edge of the detention pond/wetland,
showing fresh soll deposits (at left) and Cattalls In center.

Figure 6-3B: Western aspect of a disturbed, off-site area with successlonal

!
¢ herbaceous flora (foreground) ard the top of the steep, forested [
: siopes located above the Connecticut Rlver (background). 3 é
’ (
I 4
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On-Site Ecological Receptors: On-site ecological receptors potentially exposed to
site-derived contamination might include the following:

» Terrestrial and wetland plant species found on site, and any herbivorous fauna
feeding on these plants

» Terrestrial soil invertebrates, and carnivorous species of birds and small
mammals that feed on these soil organisms

» Benthic and pelagic invertebrates inhabiting, respectively, the sediments and
surface water column of the stormwater detention pond/wetland

» Any resident amphibians, birds, migratory waterfowl, or mammals that may use
or feed in this pond/wetland

For the purposes of this impact and risk evaluation we assume that these categories
of fauna inhabit and/or visit the CRREL site, although no survey of soil or
sediment-dwelling invertebrates was conducted. Fauna residing in off-site receptor
habitats are also acknowledged as potential on-site receptors, since those bird and
mammai species that forage widely may visit the CRREL property on occasion.

6.2.3.3 Ofi-Site Habitats and Receptors. Off-site habitats and ecological receptors
occurring immediately adjacent to the CRREL property include:

+ Residential areas of lawn, gardens, and other landscape plantings, lccated north,
east, and south of the CRREL property

«  Open fields with successional herbaceous vegetation, in adjacent, disturbed areas
such as the sandy fill extraction pits between the site and the Connecticut River
(see Figure 6-3B)

+ Small areas of mixed, hardwood-dominated forest, mostly south and southwest of
the property, with a narrow band of forest on the sieep slopes located between '
the site and the east bank of the Connecticut River

+ Freshwater aquatic habitats of the Connecticut River, located west of the site
A brief description of each of these adjacent, off-site habitats is provided below.

Approximate locations of these off-site lawn, successional field, and mixed forest
habitats are shown in the CRREL site plan (Figure 6-2).

Off-Site Terrestrial Habitats: Landscaped residential areas are the dominant habitat ;
.ype leated on three sides of the CRREL property. Undeveloped, upland habitats 4
include recently cleared/excavated areas that are now dominated by an early
successional riora consisting mostly of grasses (Poaceae) and herbaceous species of
11
. B
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weedy plant families such as the Asteraceae, including Ragweed (Ambrosia spp.) and
Goldenrod (Solidago spp.).

Young forest habitats are confined mostly to areas between the site and the
Connecticut River. Although it is best classified as a Canadian Hemlock/Northern
Hardwocd forest, the Canadian Hemlocks (Tsuga canadensis) of this riverside forest
are a minority element of the canopy in those areas immediately adjacent to the
CRREL site. Dominant tree and shrub species of this young riverside forest are listed
in Table 6-2.

Despite their immature stature, these forest areas and the successional flora of the
adjacent fields offer the best wildlife food and cover resources found adjacent to the
CRREL property and Connecticut River.

Off-Site Werland Habitats: As shown in the NWI locus map (Figure 6-1), vegetated
wetland habitats do not occur locally in adjacent, off-site areas along the Connecticut
River. Although some wetland plant species mighi occur along the intermittent stream
emanating from the southwest corner of the CRREL site, such areas are not
considered as true wetlands, or "waters of the United States,” as defined in Section
404 of the Clean Water Act (33 USC 1344). This lack of off-site wetlands was
verified during the site visit by Arthur D. Little’s wetland ecologist.

Off-Site Aquatic Habitats: The only true aquatic habitat located adjacent to the site is
the Connecticut River, which fiows southwards and lacks emergent aquatic vegetation
in areas adjacent to the site. The benthic habitat of the river along this segment
consists mostiy of a sandy bottom near the shoreline, with a gravel/cobble bottom,
reportedly inhabited by freshwater mussels, in the deeper, mid-channel area.

A south-draining, grassy swale also occurs within the mixed forest located along the
Connecticut River southwest of the site. This swale carries intermittent surface water
runoff into a perennial, feeder stream of the Connecticut River known as Girl Brook,
presumably only after significant rainfall events (Figure 6-1). Duc to its intermittent
hydroperiod and the terrestrial flora within its upper reaches near the stormwater
pond in the southwest corner of the site, however, this tributary of Girl Brook carnot
be classified as an aguatic habitat.

Off-Site Ecological Receptors: For the purposes of this ecelogical impact and risk ]
assessment. any visits to the CRREL property by faunal species residing in off-site

habitats, such as migratory species of songbirds or waterfow], will be considered

within the context of on-site exposure scenarios to soil, sediment, and/or surface

walter contaminants. At present, therefore, the only off-site ecological receptors of

site-derived contamination are the aquatic habitats and biota of the Connecticut River, @
since contaminants are released from the CRREL facility as a resuli of normal,

e
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Table 6-2: Dominant Fiora of the Canadian Hemicck/Northern Hardwood Forest
between the CRREL Site and the Connecticut River

Common Narne

*Trees:

Acer pennsylvanicum
Acer rubrum

Acer saccharum
Betula allegheniensis
Betula lenta

Betula populifolia
Fraxinus americana
Pinus strobus
Populus grandidentaia
Populus tremuloides
Quercus rubra
Robinia pseudoacacia
Tilia americana
Tsuga canadensis

Striped Maple
Red Maple
Sugar Maple
Yellow Birch
Sweet Birch
Grey Birch
White Ash i
Whiie Pine
Big-tooth Aspen
Trembling Aspen
Northern Red Qak
Black Locust
American Basswood
Canadian Hemlock

Shrubs and Vines:
Apocynum cannabinum
Cornus alternifolia

Indian Hemp
Alternate-leaved Dogwood

Onoclea sensibilis
Polygonatum biflorum
Rudbeckia hirta
Solidago spp.

Corylus sp. Hazelnut
Lonicera sp. Honeysuckle
Rhamnus sp. Buckthom
Rhus radicans Poison Ivy
Rhus typhina Staghorn Sumac
Taxus sp. Yew

Herbs:

Aralia nudicaulis Sarsparilla
Ambrosia artemesiifolia Ragweed
Aster spp. Asters
Dryopteris spp. Wood Ferns
Equisetum sp. Horsetail
QOenothera biennis Primrose

Sensitive Fern
Solomon’s Seal
Black-eyed Susan
Goldenrod

*Note: tree list includes canopy and understory elements.

Arthur D Little
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NPDES-permitted operational discharges of combined process wastewater and
stormwater into the river.

Historically, however, another off-site ecological recepior cof contaminants in surface
water runoff was an area of mixed forsst and associated drainage swales, located on
abutting properties between the scuthwest comer of the site and the Connecticut
River. Aerial photographs from 1970 and 1974 show that surface runoff fiom the site
traversed this area prior to the construction of the stormwater detention pond during
the 1980s (EPA, 1951). A 1982 aerial site photograph in this same EPA site analysis
report shows at least the beginnings of the pond’s southern berm, which is now the
surface water divide for the western part of the site. Since the berm was built at least
four years after the 1970 release of TCE into the Connecticut River, the off-sitc area
of mixed forest and/or its grassy swale also may have received contaminated surface
water runoff from the CRREL site. This berm apparently lacks a discharge pipe, so
that all of the effluent now leaves the northwest corner of this detention pond through
the subsurface process and stormwater drainage system, which discharges directly to
the Connecticut River.

6.2.3.4 Fsunal Diversity of the Connecticut River Basin. Based on a review of
regional ecological literature, in its 1993 Draft Ecological Risk Assessment for the
BFI Landfill in Rockingham, Vermont, Balsam Environmental Consultants (BEC,
1993) estimated that the Canadian Hemlock/Northern Hardwoed forests, floodplain
wetlands, and aquatic habitats associated with the Connecticut River between
Rockingham and Vernon, Vermont, may support as many as 170 different species
representing 138 genera of amphibians, fish, reptiles, birds, and mammals, including
the following: '

* 26 genera and 38 species of fish

* 24 genera and 31 species of amphibians and reptiles
* 56 genera and 64 species of birds

» 32 genera and 37 species of mammals

In addition, BEC (1993) cited an inventory of aquatic invertebrate communities from
the Connecticut River in Vernon, Vermont (Aquatec, 1990, 1992) which includes:

S R W, e

« 90 species represeniting 81 genera of benthic invertebrates
28 species representing 22 genera of pelagic zooplankton

Based on these limited biogeographical data, the habitats and vegetative communities 2
associated with the Connecticut River and its tributaries are capable of supporting a %
significant diversity of faunal species and communities. 7
e

3
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6.2.3.5 Faunal Populations in the CRREL Study Area. No surveys of the
ierrestrial, wetland, and aquatic fauna on and around the CRREL site were conducted
to identify the dominant vertebrate and invertebrate fauna of the past and present
ecological receptor habitats. However, it seems unlikely that the faunal species
diversity of the CRREL study area would equal that reported for the Vernon or
Rockingham, Vermont areas, due to the more developed conditions of the CRREL
site and its environs, as compared to these other river segments. Freshwater mussels
attached to the gravel/cobble subsirate of the mid-channel portion of the Connecticut
River were the only aquatic species sighted by the Arthur D. Little teamn during the
Phase II sampling of river sediments and surface water.

Visual evidence of on-site mammal populations includes many incidental sightings by
Arthur D. Little’s field personnel of species that are tolerant of human activity, such
as Eastern Cottontail Rabbits (Sylvilagus floridanus), Woodchucks (Marmota monax),
Grey Squirrels (Sciurus caroliniensis), Eastern Chipmunks (Tamias striatus),
American Robin (Turdus migratorius), songbirds, and an unidentified species of
hummingbird. Other urban-adapted species likely to occur in the area are the Muskrat
(Ondatra zibethicus), Raccoon (Procyon lotor) and Striped Skunk (Mephitis
mephitis). Due to the proximity of the Connecticut River and presence of forest along
its banks, wide-ranging carnivorous mammals also might occur locally, such as the
Mink (Mustela vison).

6.2.3.6 Rare and Endangered Species in the CRREL Study Area. According to
the New Hampshire Natural Heritage Inventory (1993), no federal- or state-listed
rare, threatened, or endangered species of flora or fauna are known to occur within
the CRREL property or in nearby, local areas (see Appendix Q).

6.2.3.7 Migratory Trustee Species In the CRREL Study Area. Migratory birds,
protected by the Migratory Bird Treaty Act (16 UST 703-711), are considered as
trustee resources under the jurisdiction of the U.S. Fish and Wildlife Service. No
sightings of migratory b.. Js (such as waterfowl) were made by Arthur D. Little field ,
staff. An unidentified CRREL worker reported seeing ducks use the stormwater s
detention pond on several occasions, but not recently. o

The fish fauna of the Connecticut River reportedly includes the Atlantic Salmon { !
(Salmio salar), an anadromous freshwater species known to migrate up the river, "

which qualifies as a trustee resource/species under the shared jurisdiction of NOAA !
and the State of New Hampshire. P
é
6.2.3.8 Symptoms of Ecologicai Stress In the CRREL Study Area. No visible 4
stress symptoms were observed by Arthur D. Little staff in the vegetation of g
potentially affected on-site or off-site habitats. No visible stress symptoms were seen '
in vegetation growing in or near contaminated surface soils, sediments, or surface ’
|
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waters on the CRREL property. Even the off-site grassy swale, which originally
drained the southwest quarter of the site and was a likely contaminant migration
route from CRREL to the Connecticut River before construction of the detention
pond in the 1980s, exhibited no visible symptoms of vegetation stress.

Based on casual, opportunistic observations by Arthur D. Little field staff, the health
of the resident bird and mammal fauna appears to be normal. No evidence of stress
or injury was reported to, or observed by Arthur D. Little’s ecologist at the site.
Although one CRREL worker commented that ducks stopped using the stormwater
detention pond after the site began using the pond to hold "glycol” discharges, visible
evidence of site-related injury to waterfowl or other birds has neither been observed
by nor reported to Arthur D. Little’s field personnel. No obvious symptoms of
vegetation stress were evident either on the berms or in the bottom of this pond (see
Figure 6-3A).

6.2.4 Assessment of Ecological Impact and Risk

6.2.4.1 Hazard Identification - Contaminants of Concern. Chemical contaminants
of potential ecological concern (COCs) for which soil, sediment, and surface water
samples were analyzed include VOCs, BTEX compounds, and TPH. Due to the TPH
analytical method used, the chemical composition of this analyte class can generally
be considered as similar to that of diesel oil (Fuel Oil No. 2). No analyses of the
actual chemical composition of the "TPH fraction,” of SVOCs, inorganics, or
pesticides/PCBs were performed on any medium as part of the Phase II RI program.

Contamination Data Summaries: Except for surface water samples taken from the
Connecticut River during Phase I of the RI, ail of the contamination data evaluated .
were generated for the Phase IT RI. Contamination data for the soil, sediments, and JE
surface water in most of the on-site and off-site ecological exposure zones, described
below and presented in Section 4.0 are summarized statistically by averaging

non-detects (NDs) as one-half the detection limit, for those COCs detected at least
once in each medium.

Summaries of analytical data for each medium include the arithmetic mean, g
minimum, and maximum detected concentrations, the location of the maximum 2
detected concentration, and the frequency of detection within each exposure zone. i

Site contamination data are summarized below and in the following tables for:

° Upland soils sampled at the CRREL site during Phase II (Table 6-3)

6708381 TEPS.rireport.ni_mt.txt.03/17/64 6-24
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Table 6-3: Hazard Evaluation for Surtace Soll Contaminants

Location of Depth of # Detacta/ Toxicity Threshold
Compound Units Average Minimum Maximum Maximum Maximum # Sampies Acute Chrovde
Total Petroleum Hydrocarbons mokg  26.67 13 320 $SS07 5 /18 i .
1,1,1-Trichioroethane mgkg 0.14 0.75 0.75 $5837 5 s ° .
Trichloroethena mg/kg 6.78 120 (J) 120 (9} $SS07 5 118 * ¢
Notes:
* Because of the vansbie and comps o pewrcioum hyd . of potentisl 1oxic FRPECES canNot be determned without further specastion.

Protsctive sod crtern esmblshed
e Lo for 1.1.1-TCA or TCE. A grmcurseon on the tomoity of 1.1.1-TCA and TCE 10 terrestria vertebrates is found in Secton §.2.4.4.
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» Sediments and surface water of CRREL pond, sampled during Phase II (Table
6-4)

» Sediments and surface water collected from the Connecticut River, sampled
during Phases I and II (Table 6-5)

No surface soil, sediment, or surface water samples were collected from the off-site
swale, south of CRREL pond, which may have received contaminated runoff from
the site prior to the construction of this pond. Phase I and II data for sediments and
surface water of the Connecticut River are presented separately in Table 6-5, to
permit historical comparisons of risk characterizations, because of the improvements
in the quality and treatment of the site’s =ffluent to the river between Phases I and II
of the RIL

Soil Contaminants: VOCs were detected in only 1 of 21 samples of terrestrial surface
soils of the CRREL facility, whereas TPH was detected in 6 of 19 surface soil
samples. These VOCs include 1,1,1-trichloroethane (TCA) and TCE. The maximum
VOC level detected was 120 pg/g (ppm) of TCE and the maximum TPH
concentration was 320 pg/g (ppm), both of which occurred in sample SSS07

(Table £-3).

Sediment Contaminants: The only VOC detected in CRREL pond sediments was a
trace level (1.8 pg/g) of TCE 1: one of the two samples (Table 6-4) during RI Phase
I1. No VOCs were detected in river sediments during Phase I of the RI. TCE is the
only VOC detected, in a single sediment sample from the Connecticut River during
Phase II of the RI, at a very low concentration (Tabie 6-5). TPH was not detected in
the pond sediments, but no analyses of TPH were performed cn the sediments from
the Connecticut River.

Surface Water Contaminants: Dichlorobenzene was detected in only one of two RI
Phase II surface water samples from CRREL pond, at a level of 3.2 pg/U (ppt)
(Table 6-4). No other VOCs were detected. During Phase I of the RI, TCE
(maximum 220 pg/L) was detected at trace levels in only two samples of surface
watier from the Connecticut River, whereas neither TCE nor other VOCs were
detected in the Phase II river water samples (Table 6-5). No analyses of TPH were
performed on surface water samples from CRREL pond or Connecticut River.

6.2.4.2 Background Levels of COCs. No attempt is made to determine the relative
incremental ccntributions to ambient concentrations of TCE detected in sediment and
surface water of the Connecticut River, from upstream anthropogenic sources vs. the
CRREL facility. Rather, all TCE, TCA, dichlorobenzene, and TPH detected in soil,
sediments, and/or surface water of on-site and downgradient habitats are presumed to
have been derived from activities at the CRREL site.

6706201 TEPS.rireport.ri_ipt.txt.0%/17/04 6-26
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6.2.4.3 Exposure and Impact Assessment. The following section is an integrated
assessment of ecological exposures and impacts from CRREL-derived COCs. It
includes a brief summary of the major ecological exposure and impact zones, primary
exposure and impact pathways, and selected exposure and impact scenarios
considered in this assessment.

Ecological Exposure and Impact Zones: As described above, the potential ecological
exposure and impact zones of the CRREL. study area include:

¢ The landscaped, upland grounds of the CRREL facility

» The on-site stormwater/wastewater CRREL pond

¢ The swale and mixed forest/meadows southwest of the facility that had received
surface water runoff from the CRREL site (only prior to the construction of the

detention pond)

¢ The Connecticut River habitats downgradient of the CRREL stormwater and
wastewater outfall pipe

Ecological Exposure and Impact Pathways: Pathways by which exposures to COCs
in soil, sediments, and surface water might adversely affect terrestrial, wetland,
and/or aquatic flora and fauna typically include the following:

» Root uptake of water-soluble contaminants into vegetation from soil, sediment,
and surface water

¢ Intake into foliage and/or inhalation by animals of vapors from VOCs released
from soils, sediments or surface water into the atmosphere

-

g
L e

» Transdermal uptake of contaminants into both invertebrate and vertebrate
animals, from direct contact with soil, sediment, and/or surface water

» Respiratory intake of contaminants from surface water via gills of fish and/or !
transdzrmally by amphibians

»  Direct ingestion of soil, sediment, and/or surface water by invertebrate and !
vertebrate species, either as part of their normal feeding behavior or inadvertently

* Direct ingestion of contaminated plant foods and/or animal prey by vertebrate {
species at higher trophic levels (i.e., food chain contamination) )

o |
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Only direct exposures of biotic communities to site-derived COCs in soil, surface
water, and/or sediments of the terrestrial, wetland, and aquatic exposure zones are
considered in this assessment. Food chain-mediated exposures of terrestrial and
wetland fauna are not evaluated. However, since the AWQC and NOAA sediment
guidelines account for direct toxicity as well as indirect, food chain-mediated
contaminant effects on both invertebrate and vertebrate fauna, their use in the
assessment of direct exposure risks does provide limited insight as to potential risks
via aquatic food chains.

Ecological Exposure and Impact Scenarios: The primary focus of this ecological risk
and impact assessment is the current and future risks from the exposure of local biota
and ecosystems to site-derived contamination. A more limited evaluation is also
presented of the long-term ecological impacts, if any, that may have resulted from the
1970 release of TCE and/or any other historical releases. The following ecological
exposure and impact scenarios are considered in this assessment.

The most important, potential terrestrial exposure scenario considered here is the
direct exposure of soil microbial and invertebrate populations to COCs in the surface
soils of the CRREL property. Incidental ingestion of COC-contaminated soils by
small mammals, however, alse is briefly considered as a direct exposure scenario.
Uptake of VOCs into vegetation and subsequent ingestion of contaminated plant
foods by herbivores is a highly unlikely exposure scenario for the COCs found in
physical media at CRREL and therefore is not considered. Potential historical impacts
of CRREL activities on off-site terrestrial receptors, such as the swale and mixed
forest south of CRREL pond, also are considered in this assessment.

The most likely wetland exposure is the direct contact of invertebrates and/or
amphibians with the COCs detected in the surface water and sediments of CRREL
pond. Direct ingestion and indirect, food chain-mediated exposures of vertebrate
fauna to surface water and/or sediment contamination in the wetland of CRREL pond
were not evaluated. Facility impacts to this on-site wetland, not related to COC
releases, also were considered.

As with the wetland exposure zones, the only aquatic exposure scenarios evaluated in |
this study are direct contact of invertebrate, amphibian, and/or fish communities of ;
the pond and river habitats with average and maximum COC concentrations in the

surface water column and sediments. Indirect, food chain mediated exposures of local
or migratory vertebrate fauna to COCs in surface water anc/or sediments in aquatic %
habitats are not evaluated. For the Connecticut River, historical risks to pelagic biota
of the river were evaluated using RI Phase I data for the water column, whereas - )

current/future ecological risks were evaluated using only the RI Phase II surface O
water analytical data.
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6.2.4.4 Toxicity Assessment. The ecotoxicological data sources reviewed and
effects measurement endpoints used in the toxicity assessment are summarized below.

Ecotoxicological Data Sources: Ecotoxicological data reviewed during endpoint
seiection include:

» NOAA Sediment Guidelines (Long and Morgan, 1991)

» New Hampshire AWQC documents

+ Federal AWQC documents

» PCLs for surface soil used previously to assess risks to terrestrial vertebrates at
Fort Devens (ADL, 1993) .

»  Registry of Toxic Effects of Chemical Substances (National Institute for
Occupational Safety and Health (NIOSH), 1993

o Hazardous Substances Data Bank (1993)

«  Handbook of En\ironmenta! Data on Organic Chemicals (Verschueren, 1983)

Quantitative Dose-Response Data Considered in Toxicity Assessment. Federal and
New Hampshire AWQC, aquatic °r icrrestrial ecotoxicity data, terrestrial PCLs,
and/or NOAA sediment guidelines were reviewed for all organic compounds
detected. Toxicity effects endpoints considered for use in the toxicity assessment
included both acute and chronic thresholds for response. The endpoints selected from
these data sources are briefly summarized below for soil, sediment, and surface
water.

Soil: No toxicity data were available with which to assess risks at the individual level
for terrestrial soil microbial and invertebrate communities. To assess risks to
terrestrial vertebrates exposed to the two compounds detected in on-site surface soil,
TCA and TCE, we reviewed available toxicity data from the literature as well as
PCLs for terrestrial vertebrates. The PCLs, originally developed for the Fort Devens
site in Massachusetts, are based on conservative toxicity thresholds and dietary

uptake models. Acceptable concentration levels in soil were derived for over 50
chemucals for the Short-tailed Shrew, White-footed Mouse, American Robin, Garter
Snake, Red Fox, and Red-tailed Hawk. However, neither the detected compounds, nor
surrogate compounds are available from this list.

A literature review was conducted for TCA and TCE for small mammal oral toxicity
data, such as the lethal dose for 50 percent of the test animals (LIDsy) or sublethal
developmental effects. Sources reviewed included the Registry of Toxic Effects of
Chemical Substances (NIOSH, 1993), Hazardous Substances Data Bank (1993), and
Handbook of Environmental Data on Organic Chemicals (Verschueren, 1983).
Selected srnall mammal oral toxicity values for the two detected compounds are
presented in Table 6-6 as estimates of the potential range of threshold values for
several different effects endpoints.
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Table 6-6: Selected Oral Toxicity Vaiues for Small Mammals

1,1,1-trichloroethane | rat 9,600 mg/kg LDy,

mouse 6,000 mg/kg LDg,

dog 750 mg/kg LDq,

rabbit 5,660 mg/kg LDy,

guinea pig 9,470 mg/kg LDq,

rat 43 mg/kg Developmental
Abnormalities

Trichloroethylene mouse 455,000 mg/kg Tumorigenic

mouse 912,000 mg/kg Turnorigenic

mouse 515,000 mg/kg Tumorigenic

rat 5,650 mg/kg LDg,

mouse 2,402 mg/kg LDg,

cat 5,864 mg/kg LDy,

rabbit 7,330 mg/kg LDy,

rat 2,688 mg.kg Newbom effects

rat 36,000 mg/kg Newbom effects

rat 1,140 mg/kg Developmental
Abnormalities

mouse 182,000 mg/kg Liver and kidney
weight

mouse 3,360 mg/kg Liver weight=

Source: NIOSH, 1993 (on-line database).
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Sediment: TCE was the only compound detected in sediment. Endpoints initially
reviewed for toxicity assessment of TCE at the community level for benthic
invertebrates, living in contact with pond, or river sediments were the NOAA
sediment guidelines (Long and Morgan, 1991). These guidelines are applicable to
both marine and freshwater benthic organisms. At this time NOAA has not
established a guideline for TCE. We therefore reviewed sediment criteria from the
New York State Department of Environmental Censervation and the New Jersey
Department of Environmental Protection. However, neither of these agencies has
established an ecologically protective sediment criterion for TCE. Therefore, a
quantitative assessment of potential risks from exposure to TCE in sediments was not
possible.

Surface Water: Aquatic endpoints selected for toxicity assessment at the community
level for pelagic biota such as invertebrates, fish, and amphibians are the acute and
chronic New Hampshire AWQC adopted effective August 3, 1990. These criteria are
considered to be protective of entire, diverse aquatic communities of the water
column, including algae, invertebrate and vertebrate fauna. COC-specific endpoints
for surface water are the acute and chronic freshwater AWQC for those COCs
detected in surface water of the detention pond and/or Connecticut River:

» Dichlorobenzenes AWQC: acute = 1,120 pg/L; chronic = 763 pg/L
+ Trichloroethylene AWQC: acute = 45,000 pg/L; chronic = 21,900 pg/L

6.2.4.5 Risk Characterization. COC-specific risk estimates, or HQs, are calculated
by dividing the observed concentration in each medium by the COC-specific effects
measurement endpoint for that medium (e.g., AWQC). As noted previously, an HQ
of 1.0 or greater indicates potential ecological risk. HQs are calculated, when
possible, for the average and maximum detected COC concentrations in the soil,
sediment, and/or surface water of each ecological exposure zone. Although HQs are
typically summed to produce Hls, as a measure of the aggregate risks to biotic Coe
communities from mixtures of two or more COCs, this step is not necessary in the PN
current assessment because there is only one COC for which endpoints are available

in each medium. The quantitative ecological risk estimates are summarized for each
medium/zone in Tables 6-3, 6-4, and 6-5. A brief discussion of the quantitative risks
and their qualitative ecological significance is provided below for the biological
communities of each exposure zone.

i 21

it s e o g

Surface Soils: Due to the ability of soil microbial communities to biodegrade TCE,
and the relatively low levels of TCE found in surface soils, both direct exposure risks
to microbial communities and indirect, detrital food chain exposure risks are unlikely
to be significant at CRREL. Since the detected COCs do not bioaccumulate
significantly within either the vegstation or inverebrates of upland soils, food 8
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chain-mediated exposures of plant- and/or invertebrate-eating animals also are
unlikely to be significant.

An evaluation of the relationship between toxicity and reported cn-site compound
concentration was conducted to determine the level of soil ingestion required to
induce toxic response. For TCA we estimatc a worst-case scenario by using the rat
toxicity threshold for developmental abnormalities of 43 mg per kilogram of body
weight, as a surrogate toxicity threshold for the eastern cottontail rabbit (Sylvilagus
floridanus), which occurs on site. We also ~esumed that the TCA concentration in all
soil ingested is equal to the maximum detected concentration of 0.75 mg/kg. Based
on these parameters, a 1 kilogram rabbit would need to ingest 57.3 kg of soil per
day, many times its body weight, to receive a toxic oral dose.

For TCE we once again estimated a worst-case scenario by using a sublethal, oral
toxicity threshold of 1,140 mg/kg for developmental abnormalities in the rat, as a
surrogate toxicity threshold for the rabbit. In order to receive this toxic dose, a rabbit
would have to ingest 9.5 kg of the most contaminated upland soil (TCE = 120
mg/kg). Similarly, based on a rabbit oral LDy, of 7,330 mg/kg-body weight for TCE,
a 1 kilogram rabbit would have to ingest 61 kg/day of the most TCE-contaminated
soil to elicit a lethal response in SO percent of the exposed population. Since it is
probably impossible for a rabbit to incidentally ingest between 10 and 60 times its
own body weight of the most contaminated soil during one day of feeding on upland
vegetation, no further quantitative evaluations of risks from TCA and TCE were
conducted.

Sediments: Since NOAA has not established ecologically protective sediment
guidelines for TCE, the relative risks to benthic invertebrates of the pond and river
sediments cannot be quantified. However, exposure of benthic biota to sediment pore
water contaminant concentrations is a key exposure pathway by which sediment
effects are mediated. A comparison of the chronic, freshwater AWQC for TCE (21.9
ppm) to the maximum theoretical sediment pore water concentration for TCE in the
detention pond (PONDSEDO2, 1.8 mg/kg TCE) indicates a lack of significant risk to
benthic organisms from this maximum TCE level. The pore water concentration is
calculated using the following equation:

Co = C, ! (Koe * 10

where:
C., = Concentration of compound in water (pg/L)
C, = Concentration in sediment (ug/kg)
K, = Organic carbon partition coefficient (kg/L)
foc = Function of organic carbon in soil (kgkg)
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By conservatively assuming 1.0 percent total organ. Yon content of the sediments,

this detected sediment concentration would result in a ruaximum pore water TCE
concentration of 1.6 mg/L (ppm).

Surface Water: Both the average and maximum HQs for all COCs in all exposure
zones are two or more orders of magnitude less than 1.0, indicating no ecological
risk. The low levels of TCE and dichlorobenzene detected in the surface water of
each exposure zone, therefore, pose no ecological risks to biological communities of
the water column, in either wetland or aquatic habitats located on site (pond) or
downstream in the Connecticut River.

Background Risks: No estimates were made of ecological risks from background soil,
sediment, and/or surface water levels of COCs. Since road runoff typically contains
petroleum hydrocarbons (TPH), BTEX compounds, and related VOCs (EPA, 1983;
FHA, 1981), however, part of the (insignificant) aquatic ecological risk from COCs
in the Connecticut River downstream from the CRREL outfall pipe is probably
attributable to upstream, non-CRREL pollution sources.

6.2.4.6 Uncertainty Anaiysis. Uncertainty in this ecological impact and risk
assessment is associated with the possibility that the CRREL study area has not been
sufficiently characterized with respect to site-derived, organic and/or inorganic
contamination levels in soils, sediments, and/or surface water of the on-site or
off-site, upland, pond/wetland, and/or river habitats. This uncertainty is greatest for
inorganic and semivolatile organic chemicals, for which no analyses were performed
as part of the Phase II RI.

Other data gaps that contribute to uncertainty in this assessment include:

+ The absence of soil samples and data for the off-site swale south of ih- detention
pond, which historically carried runoff from the site to Girl Brock

» The lack of complete petroleum hydrocarbon analyses for surface water of the
on-site detention pond and Connecticut River, which otherwise could have been
compared with AWQC or other toxicity data for fuel oils and/or related
petroleum hydrocarbons. A related uncertainty arises from the lack of analytical
data on the chemical composition of contaminant mixtures detected as "TPH" in
surface soils and sediments so that an ecotoxicity assessment for TPH levels in
surface soils and sediments is not possible.

However, assuming that the contamination data collected in the Phase II RI are
representative of the types and levels of contaminants at these unsampled or
incompletely analyzed locations, no significant incremental risk to on-site or off-site
biota and ecosystems would be expected.
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6.2.4.7 Conclusions. As summarized briefly below, past and current releases or
discharges of environmental contaminants from the CRREL facility appear neither to
have caused any adverse, long-term ecological impacts, nor to pose any current or
future, contamination-mediated ecological risks to on-site or off-site biota and
ecosystems.

Ecological Impacts: No visible stress sympioms were seen in any of the terrestrial,
wetland, or aquatic habitats that currently receive, or may have been historical
receptors for, contaminants released from the CRREL facility. Although the on-site
pond/wetland area in the southwest comer of the site serves as a detention area for
both stormwater and experimental solutions prior to discharge to the river, the flora
of the pond bottom and embankments appeared healthy. The off-cite, vegetated swale
located south of this pond, whic. is likely to have received contaminated surface
runoff from the site after the 1970 TCE release, also exhibits no vegetation stress
symptoms or other obvious features indicative of long-term ecological impacts.

Ecological Risks: Soil, sediment, and surface water contaminants attributable to
activities at the CRREL site currently appear not to pose significant risk to terrestrial,
wetland, or aquatic biota and ecosystems, found on site or in the downstream areas of
the Connecticut River that receive surface water discharges from the site. As
discussed above, the oral ingestion toxicity endpoints of TCA and TCE are
sufficiently high in terrestrial vertebrates such as mice, rabbits, and rats, that even the
maximum detected levels in terrestrial surface soils at CRREL pose no significant
risk to these mammals. Similarly, the low levels of TCE detected in river and pond
sediments also pose no significant risk to benthic biota of these habitats. No VOCs
were detected in the surface water of the Connecticut River downstream from the
site’s effluent outfall during Phase II of the RI, and even the maximum TCE level
detected in river water during the RI Phase I investigation is two orders of magnitude
below the chronic, fresuwater AWQC for TCE.
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7.0 Conclusions and Recommendations

7.1 Summary and Conclusions

7.1.1 Nature and Extent of Contamination

The primary contaminants at the site are TCE, PCE, toluene, and TPH. Breakdown
products of the chlorinated compounds are locally present in lesser concentrations, as
are other compounds associated with site activities (Freon 11, MEK, ethylbenzene,
xylene, dichlorobenzene). The primary contaminants are present in the soil vapor,
soil, and ground water at the site. Primary contaminants were not detected in the
surface water in CRREL pond or the Connecticut River during the Phase II sampling.
TCE was detected at low concentrations in one sediment sample from CRREL pond,
and one from the Connecticut River.

The soil at CRREL is generally very fine-grained sand and silt interpreted to have
been deposited in a glacial lake basin. The lake sediments locally contain lenses of
silt and clay that are laterally continuous for up to several tens of feet. Layers of
coarser-grained materials (medium sands) are locally present, and become more
prevalent in the lower portion of the overburden sequence. The esker, which irends
north-south at the west end of the site, is composed of a series of alternating layers
of fine to very coarse, iexwrally immature sands and gravel. The interface between
the esker and the lake sediments appears to be sharp. The primary contaminants, with
the exception of TPH, are not well adsorbed onto the soil grains. At contaminant
source areas, soil pores contain vapors of primary contaminants and are present as
deep as the water table at AOCs 2, 9, and 13, and as deep as 40 feet at AOC 15. Soil
vapor wells were installed in AOCs 2, 9, 13, and 15 through zones of high soil vapor
readings.

The bedrock surface at CRREL is irregular and ranges in depth from 65 feet below
ground surface at the west side of the site to over 250 feet in the center of the site at
AOC 9. Limited data from borings and geophysical surveys indicate that a
north-south trending low in the bedrock surface, subparallel to the esker, is present in
the central portion of the site. Oriented cores show well defined water-bearing
fracture trending both northeast and northwest at moderate to steep dips. The
fractures are very common in the upper 5 feet of bedrock, but quickly reduce in
density to only a few per 10 feet. The fractures are found as individual breaks both
parallel and perpendicular to foliation with apertures of up to 1 inch. Individual
fractures have relatively high hydraulic conductivities, but overall the bedrock has
relatively low hydraulic conductivity. Hydrogeologic studies of the bedrock aquifer
on the west side of the river also identify mostheast and northwest trcading
water-bearing fractures.
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Ground water at CRREL occurs in the lake sediments, esker, and fractured bedrock.
Ground water flow patterns at the site are largely influenced by the drawdown of the
producticn wells in the esker near the west side of the site. Under normal pumping
conditions, ithe wells create a radial zone of influence that encompasses most of the
site east of the production wells. Ground water ~n the west side of the esker is
controlled by the water level in the adjacent Connecticut River, indicating that the
esker is recharged by the river. Additional recharge to the esker at the site may
come from the north where the esker intersects the river. Results from hydraulic
conductivity testing in the monitoring wells indicate that the lake sediments and
fractured bedrock are much less permeable than the esker sediments.

Samples from monitoring and production wells in each of the geologic regimes have

shown primary site contaminants. The highest contaminant concertrations were

detected in the overburden near the Ice Well. Concentrations of TCE at this location

have exceeded 1 percent of its solubility limit, indicating the potential for DNAPL.

Production well CECRLO3 was the only well to yield samples with no detectable

concentrations of VOCs. The low levels of TCE identified in monitoring well

CECRL20, installed as a background well near the southern boundary of the site, are

likely due to the effects of production wells CECRLO3 located at the south of the site -
in the esker. Pumping of well CECRLO3 creates a zone of influence that draws 3
ground water from throughout the site, including potential source areas, toward the

southern portion of the site and well CECRL20. The source of contaminants in

background well couplet CECRL0O7 and CECRL13, near the northeast corner of the

site, is not known, however, an off-site source cannot be ruled out. Samples from the
production wells showed no TPH or to.uene contamination (but did have TCE and

PCE concentrations). Bedrock wells generally showed lower concentrations than their
overburden couplets. During the five rounds of sampling only one compound, TCE,

was detected at the Hanover standby well once at a concentration just above detection ‘
limit, yet well below the MCL. ‘

- o T (X - T

7.1.2 Fate and Transport |
The primary contaminants are present as vapors in the soil pores, dissolved in ground e
water, and possibly as a separate phase in ground water. The contaminants were :
released directly to the soil or ground water from source areas including AOCs 1, 2, -
9, 10, 13, 15, and 16. In the soil pores the vapors are located in close proximity to §
the source areas, with limited lateral migration due primarily to dispersion. The

vapors extend to the water table at several of the AOCs, indicating that there is i
significant vertical transport. Dissolved contaminants in ground water are transported
through the overburden primarily by advection. Locally, in areas of low permeability
or clay lenses, dispersion may be the controlling transport mechanism. Contaminants
are likely moving faster through the base of the overburden where soil is more
permeable, and in connection with the esker sands. Density controlled plumes may be
developed at the source areas and may sink to the base of the aquifer and enter the
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basal esker sands or infiltrate into the fractures or continue to flow along bedrock
topography to low spots or impermeable boundaries. If present, DNAPL will tend to
sink to the bottom of the aquifer, or other impermeable layer and create a secondary
contaminant source deep in the aquifer. DNAPL will enter fracture zones and be
transported in the direction of the water-bearing fractures. Upward gradients,
identified locally at CRREL and on the west side of the river, may transport
contaminants back up into the overburden aquifer.

Some degradation of chlorinated compounds appears to be taking place to a limited
extent in the subsurface. At several well locations, intermediate breakdown products
of PCE and TCE are identified. The presence of chloroform may indicate degradation
of chlorinated compounds. No direct evidence for biotic degradation was observed.

7.1.3 Risk Assessment

A human health risk assessment was conducted using Phase I and Phase II data for
surface soils, surface water, sediments, and ground water. Potential human exposure
pathways exist for surface soils at the CRREL facility, and for surface water and
sedirients of the Connecticut River. Because concentrations detected in these media
are low, the fr=quency of detection is low, and exposures to these media are expected
to be infrequent, adverse health effects are not likely to occur due to exposure to
surface soils, or to surface water and sediments of the Connecticut River. In fact,
there were no chemicals detected in the Phase II Connecticut River surface water
sampling. Exposures to the surface water and sediments of CRREL pond on site are
unlikely, or would occur very infrequently, and the concentrations and frequency of
detects in CRREL pond are low. There are no current human exposures to ground
water from beneath the site, and future site use is expected to remain the same. In
addition, the facility and all residences in the area of the facility are connected to the
municipal water supply of Hanover, which is not associated with the ground water
beneath the site. In conclusion, because detected chemical concentrations on the site
are low, or because no current or future human exposure pathways exist, the human
health risks associated with the CRREL facility are likely to be non-existent or low.

The ecological impact and risk assessment was performed to identify any visible
impacts on local ecological resources and potential risks of adverse ecological
impacts to the environment from the contamination. The assessment consisted of
reviewing the ecological resources of the arca from published maps, documents, and
field surveys, assessing the ecotoxicity using available guidelines and contaminant
specific ecological data, and assessing the risk based on calculation of contaminant
specific hazard quotients and aggregate hazard indices for resident biotic
communities. The assessment identified no on-site wetland or aquatic habitats within
which fauna are likely to be exposed. The only on-site habitat was the lawns, trees,
and plantings around the buildings. Off-site habitats included the upland wooded
habitat between CRREL and the river, landscaped residential areas, ocen fields, and
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the Connecticut River. Potential receptors include a wide range of fauna typical to the
area, but includes no rare or endangered species.

No visible stress symptoms were observed in any of the terrestrial, wetland, or
aquatic habitats that cumrently receive, or may have been historical receptors for
contaminants released from CRREL. Contaminants identified in soil, sediment, and

surface water do not appear to pose significant risk to terrestrial, wetland, or aquatic
biota on site or off site.

7.? Recommendations

Based on the results of the remedial investigation, several recommendations are made
for future actions at the site. These include actions that would reduce contaminant
concentrations at source areas, control migration of contaminated ground water,
remove contaminants from captured ground water, and monitor the quality of the
ground water in the area. These recommendations are readily implemented by
relying on existing systems and, when performed together, will provide effective
management and control of the contamination. Each of these recommendations is
described below.

7.2.1 Evaluation and impiementation of Source Area Mitigation

An evaluation of potential treatment technoiogies to remove, treat, or contain
contamination at source areas should be performed to identify cost-effective remedial
actions that will reduce and control further releases of contaminants at the source
areas. The evaluation would include methods to r=duce contaminant concentrations
in soil and ground water using existing systems (monitoring wells, soil vapor wells,
ground water treatment facility). Once identified, the selected remedial actions would
be implemented. Evaluation of remedial actions would be recommended for AOCs 2,
9,13, and 15.

7.2.2 Production Well Optimization

The existing ground water flow pattern throughout the site is controlled by the
operation of the five production wells in the esker. The water produced from these
wells, which operate continuously, is treated to remove iron, manganese, and volatile
organic compounds. The extraction of ground water currently occurring at CRREL
as part of regular ongoing operations provides good control of the contaminated
ground water in the overburden, because the production wells are completed in the
esker east of the bedrock high, which acts as a barrier to recharge from the river. In
addition, the treatment of the extracted ground water removes contaminants. The
existing production well flow rates, however, could be optimized to maximize
containment of contaminated ground water and removal of contaminants. The
optimization of the production wells would involve adjustment of the pumping rates
or pumping periods based on results from an analysis of the hydrologic system.
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7.2.3 Ground Water Monitoring

Selected wells at CRREL and in its vicinity should be monitored semiannually.
Wells at CRREL should be monitored to evaluate the effectiveness of the ongoing
remedial actions, and provide early detection of changes in contaminant
concentrations in areas of interest. Selected off-site wells should be monitored to
provide early detection of contaminants and monitor changes in off-site conditions.
The following sampling locations are recommended:

On-site

« Production wells

+ Source area wells (if remedial actions are implemented)

+  Perimeter wells (CECRL12, CECRL16,17, CECR1.7/13, CECRL20)

Off-site

+ Town of Hanover standby well

« Goodrich, Peacock, and Britton residential wells (after conversion to monitoring
wells)

» Pinello residential well (northwest of CRREL, in Norwich, Vermont)

« James Forcier, Lewis, and Sacks residential wells (southwest of CRREL in
Norwich, Vermont)

The Pinello, James Forcier, Lewis, and Sacks residential wells on the west side of the
Connecticut River are proposed for monitoring because they are the closest readily
available monitoring points west of CRREL (Figu.e 7-1). Monitoring data from these
wells, when reviewed in association with the Goodrich, Peacock and Britton wells,
will help to better understand the rate and direction of contaminant migration in
fractured bedrock.

It is recommended that ground water monitoring include measuring water levels and
collecting samples for volatile organic compound analysis. Sample analysis
procedures should be consistent with those used in the RI to ensure data quality.

7.24 Summary of Recommended Actions by AOC
Recommendations for each of the AOCs are described below and summarized in
Table 7-1.

AOC 1: We recommend that no further action be taken at this location. Ground
water contamination that may be due to releases in this area will be addressed in
conjunction with the actions taken at AOC 9, which is located immediately adjacent
to AOC 1, and, as part of the sitewide ground water containment system associated
with the production wells.
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Table 7-1: Summary of Recommended Actions for CRREL AOCs

AOC1 No further action required
Ground water treatment will be included as part of the sitewide system and actions
taken at AOC9
AQOC2 Evaluate source contro! treatment
AOC3 No further action required
AOC4 No further action required
AOCS No further action required
AOC6 No further action required
AOC7 No further action required
AOC8 No further action required
AOC9 Conlaminant Removal from Ice Well
Evaluate source control treatment
AOCI10 No further action required
Ground water treatment will be included as part of the sitewide sysiem
AOC1 No further action required
Ground water treatment will be included as part of the sitewide system
AOC12 No further action required
AOC13 Evaluate source control teatment for soil
Ground water treatment will be included as part of the sitewide system ‘
AOC14 No further action required A
APC1S Evaluate source control treatment
AOC16 No further action required i
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AOC 2: We recommend that treatment technologies for soil and ground water source
control be evaluated for this location. The goal of any future actions at this location
would be to control and reduce contaminants that may be sources of continuing
releases.

AOC 3: We recommend that no further action be taken at this AOC. The tank was
removed in 1989, and soil gas investigations showed no indication of contamination
at this location.

AOC 4: We recommend that no further action be taken at this location. There have
been no releases from tanks at this location, and soil gas investigations showed no
indication of contamination.

AOC 5. We recommend that no further action be taken at this location. There have
been no known releases from this location, and during construction of the new
Remote Scnsing Facility at this location, no indications of contamination were
observed.

AOC 6: We recommend that no further action be taken at this location. Samples
taken from this area during the Phase I investigation did not reveal contamination.

AOC 7: We recommend that no further action be taken at this location. The tank
and associated soil were removed in October 1993. Soil gas investigations in the
area did not reveal contamination.

AOC 8: We recommend that no further action be taken at this location. The tank no
longer exists at this location, and soil gas investigations indicated no contamination.

AOC 9: In addition to removal of the contents of the Ice Well, which is planned for
this year, we recommend that local treatment of soil and ground water be evaluated '
to control sources of contamination that may be present at this location.

AOC 10: We recommcind ihai no further action be taken at this location. There is
no risk associated with the soil contamination detected at this location (0.007 ug/g
TCE detected at 10 feet), and ground water contamination from surface spills that
may have occurred in this area will be controlled and treated by the existing sitewide
ground water treatment system associated with the production wells.

AOC 11: We recommend that no further action be taken at this location. Ground
water contamination from surface spills that may have occurred in this area will be
controlled and treated by the existing sitewide ground water treatment system
associated with the production wells.
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AOC 12: We recommend that no further action be taken at this location. There were
no known releases from this location, and soil gas investigations did not reveal
contamination in this area.

AOC 13: We recommend that treatment of contaminated soil be evaluated at this
location to reduce and control the contaminant source. Contaminated ground water in
this area will be controlled and treated by the existing sitewide ground water
treatment system associated with the production wells.

AOC 14: We recommend that no further action be taken at this location. 7 1is AOC
is located inside the building, and if releases were to have occurred in the past, they
would not affect soil or ground vvater.

AOC 15: We recommend that the localized treatment of contaminated soil be
evaluated at this location to reduce contaminant sources. Contaminated ground water
in this area will be controlled and treated by the existing ground water treatment
system associated with the production wells.

AOC 16: We recommend that no further action be taken at this location. Samples
taken from this area during the Phase I investigation did not reveal contamination.
This is the location of the permanent ground water treatment facility that was
constructed in 1993. In addition, any ground water contamination in this area would
be controlled and treated by the existing ground water extraction and treatment
system associated with the production wells.
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