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EXECUTIVE SUMMARY

A Phase II Comprehensive Site Assessment (CSA)
program was designed and implemented by Conestoga-Rovers & Associates
(CRA), on behalf of Olin Corporation (Olin), at the former production facility
(Facility) located at 51 Eames Street, Wilmington, Massachusetts. The
objective of the CSA was to conduct a systematic investigation and
assessment of the Facility to characterize the type and quantity of oil or
hazardous materials released at or from the Facility in order to characterize
and evaluate the risk of harm, if any, that the Facility poses to health, safety,
public welfare and the environment. This report, prepared by CRA, presents
a summary of the data collected, its evaluation and conclusions drawn from
the Phase II CSA activities conducted at the Facility. A risk assessment for the
Facility, based on the CSA data, has been prepared by Asea Brown Boveri
(ABB) and is presented under separate cover.

The Facility, from its construction in 1953, historically
manufactured chemical blowing agents, stabilizers, antioxidants and other
specialty chemicals for the rubber and plastics industry. Prior to 1970, all
liquid wastes generated at the Facility were discharged into a series of unlined
pits in the central portion of the Facility. In 1970, a neutralization system
including two lined lagoons was completed. Acidic waste streams were
neutralized with lime and discharged to the lined lagoons with the
supernatant pumped through a clarifier before discharge. The solids (calcium
sulphate) from the lined lagoons were periodically dredged from the lined
lagoons and landfilled on the southwest corner of the Facility (Sulphate
Landfill). The lined lagoons were removed and the Sulphate Landfill was
closed in 1986 when operations at the Facility ceased.

Annual monitoring performed at the Facility in 1990
indicated that past operations and disposal practices at the Facility had
resulted in off-site groundwater contaminant migration to the west of the
Facility. In response to these data, Olin retained CRA to prepare and complete
a Phase II Comprehensive Site Assessment for the Facility.
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The CSA identified the following geologic units at the
Facility, in descending order of age, as glacial outwash, glacial ice contact
deposits; glacial till, and fine grained sedimentary gneiss. The glacial ice
contact deposits and glacial outwash function as the single, principal
hydrostratigraphic unit in the area of the Facility. The uppermost fractured
portion of the bedrock is considered part of this flow system. Below the upper
fractured bedrock, little groundwater is transmitted along small fractures and
joints.

The Facility and surrounding area encompasses portions
of two hydrogeologic basins with the divide separating these two basins
located west and north of the Facility. East of the divide, the general
groundwater flow is from the northwest to southeast across the main part of
the Facility and ranges between 10 feet and 325 feet per year. West of the
divide, the groundwater flow ranges between 10 feet to 425 feet and is directed
to the west into the main portion of the regional aquifer. Closely paralleling
the groundwater divide is a surface water divide separating the watersheds of
the Ipswich and Aberjona Rivers.

A dense groundwater plume, approximately 20 feet thick
beneath the Facility, is observed from the central portion of the Facility to just
beyond Highway 38 (Main Street) to the west, edges east just off the Facility
boundary to the East Ditch and edges just off the southwest of the Facility in
the vicinity of the Sulphate Landfill. Frequently detected Facility-related
compounds detected in the groundwater include Volatile Organic
Compounds (VOCs), Semi-Volatile Organic Compounds (SVOCs) and
inorganic compounds. The VOCs and SVOCs are mainly limited to the
Facility. The inorganic compounds ammonia, chloride, chromium and
sulphate are the major compounds associated with the off-site dense plume.

Three factors believed to have had the major influence
over migration of the dense contaminant plume in the aquifer, are the slope
of the bedrock surface; the hydraulic forces generated from recharge of the
contaminants; and the dilution effects at the plume edge which control pH.

ii CONESTOGA-ROVERS & ASSOCIATES



The organic contaminants found in the groundwater in
the central portion of the Facility are most likely attributable to three sources:
the discharge of yard and process spills and oily wastes to Lake Poly, the
disposal of organic wastes to the unlined pits, and the disposal of drums
containing organic compounds beneath the ground surface.

The inorganic contaminants found in the groundwater
are most likely attributable to wastewater which was directed into a series of
unlined pits and the unlined Lake Poly located in the central portion of the

property.

The organic contaminants found in the area of
monitoring well GW-49 east of the Facility, indicate an off-site source of
organic contaminants is present, since no apparent correlation can be made
between the Facility-related organic compounds and the organic compounds
detected in well GW-49.

There are three areas at the Facility which exhibit
evidence of buried drum waste, miscellaneous waste and visibly
contaminated soils. Materials within the test pits of the three areas have been
identified as Opex, Kempore, Phenolic resins, and Plant B material
(diphenylamine). Organic compounds B2EHP, NNDPA and NNDNPA and
inorganic compounds ammonia, calcium, chloride, chromium, iron,
potassium, sodium and sulphate are the major compounds detected in the
drums and/or soil samples. '

The highest concentrations of contaminants in the surface
and subsurface soils across the Facility were detected in the vicinity of former
Lake Poly. Detected compounds include VOCs, SVOCs and inorganics.

The highest concentrations of contaminants in surface
water and sediment were generally detected in the West Ditch and decreased
across the Facility. Detected compounds include VOCs, SVOCs and
inorganics. Contaminants found in the surface water and sediments are most
likely contributable to discharges from process areas into Lake Poly which
emptied into the West Ditch.
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1.0

INTRODUCTION

This report, prepared by Conestoga-Rovers & Associates
(CRA), on behalf of Olin Corporation (Olin), presents a summary of the data
collected, its evaluation and conclusions drawn from the Phase I
Comprehensive Site Assessment (CSA) activities conducted at the
Wilmington, Massachusetts Facility (Facility) currently owned by Olin. A risk
assessment for the Facility, based on the CSA data, has been prepared by Asea
Brown Boveri (ABB) and is presented under separate cover in a report
entitled "Comprehensive Site Assessment, Phase II Risk Assessment Report,
Wilmington Facility, Wilmington, Massachusetts, Olin Corporation” (CSA
Phase II Risk Assessment Report). The location of the Facility is shown on

Figure 1.1.

Past operations and disposal practices at the Facility have
resulted in groundwater contamination beneath the Facility. In 1986,
Wehran Engineering Corp. prepared, on behalf of the Massachusetts
Department of Environmental Protection (DEP), a Phase I Facility Inspection
Report. Subsequently, the Facility was classified by the DEP as a non-priority
disposal site. A waiver of certain intermediate stages of approvals was
obtained for the site under the Massachusetts Contingency Plan (MCP) in July
of 1989.

Olin has performed annual monitoring at the Facility
since 1986. Wells installed in late 1989 and monitoring conducted in 1990
indicated that off-site groundwater contaminant migration had occurred to
the west of the Facility.

In response to these data, Olin retained CRA to prepare a
Work Plan for a Phase II Comprehensive Site Assessment (CSA). Subsequent
to completion of the Phase II CSA Work Plan, Olin retained CRA to carry out
field activities required to complete the CSA and ABB to complete the risk
assessment as part of the CSA. CRA commenced the CSA field activities in
December 1990 and completed all CSA field activities in May 1993. All work

1 CONESTOGA-ROVERS & ASSOCIATES



was conducted in accordance with the "Work Plan, Comprehensive Site
Assessment (CSA), Wilmington Facility, Wilmington, Massachusetts, Olin
Corporation”, originally prepared by CRA in October 1990 and revised and
finalized by CRA in March 1991. The preparation of this CSA Phase 1I Field
Investigation Report and the CSA Phase Il Risk Assessment Report represents
the culmination of the Phase Il CSA.

The objective of the CSA was to conduct a systematic
investigation and assessment of the Facility to characterize the type and
quantity of oil or hazardous materials released at or from the Facility in order
to characterize and evaluate the risk of harm, if any, that the Facility poses to
health, safety, public welfare and the environment. The CSA provides the
data necessary to be used in developing remedial response alternatives as
required by 310 CMR 40.546, Phase III Development of Remedial Response
Alternatives and the Final Remedial Response Plan. The CSA also provides
the corresponding data under the National Contingency Plan (NCP), 40 CFR
Part 300. In November 1992, Olin retained BCM Engineers from Plymouth
Meeting, PA to prepare the Phase lll Development of Remedial Response
Alternatives Report. The preparation of the Phase Il Remedial Response
Alternatives Report is currently in progress.

1.1 CSA PHASE II FIELD INVESTIGATION
REPORT ORGANIZATION

The CSA Phase Il Field Investigation Report is organized
in the following major sections and supporting appendices:

* Section 1.0 presents the introduction to and organization of the CSA
Phase II Field Investigation Report;

* Section 2.0 presents background information including Facility history and
a summary of its historic data base;

* Section 3.0 discusses the regional characteristics of the Wilmington area
including topographic, climatic, geologic and hydrogeologic information;

2 CONESTOGA-ROVERS & ASSOCIATES



3683 (13)

* Section 4.0 presents a sumn;lary of the field activities completed as part of
the CSA;

e Section 5.0 presents a summary of physical characteristics of the site
(Facility);

» Section 6.0 presents a characterization of contamination at the Facility;

¢ Section 7.0 provides summary and conclusions based on the CSA Phase II
Field Investigation; and

e Section 8.0 provides recommendations for future actions.

As discussed above, in Section 1.0, a risk assessment, based
on the CSA data, has been prepared by ABB and is presented under separate

‘cover.

3 CONESTOGA-ROVERS & ASSOCIATES



2.0 R TION

21 FACILITY LOCATION AND SURROUNDING LAND USE

The Wilmington, Massachusetts Facility (Facility)
occupies a 53-acre site located at 51 Eames Street, Wilmington, Massachusetts.
The Facility is bounded on the east by the Boston and Maine railroad tracks,
on the south by the Woburn/Wilmington town line, on the west by a Boston
and Maine railroad spur and on the north by Eames Street. The location of |
the Facility is shown on Figure 1.1. The approximate UTM coordinates for
the Facility (center of operating Facility area) are 4,710,566.177 northing and
323,074.140 easting. Figure 2.1 presents a copy of the 1992 aerial photograph
for the Facility and surrounding area.

Approximately two thirds of the Facility is situated in an
area designated as "Zone C" by the Federal Emergency Management Agency
(FEMA) under the National Flood Insurance Program (NFIP). "Zone C" is
outside both the 100-year and 500-year flood boundaries. The remaining
one third of the Facility, the south-central portion of the Facility, is situated in
an area designated as "Zone B" by the FEMA under the NFIP. "Zone B" is
outside the 100-year flood boundary but within the 500-year flood boundary.
Figure 2.2 presents the flood zones in the vicinity of the Facility, as
determined by the FEMA.

The entire Facility is enclosed by an eight-foot high
perimeter chain-link fence. The Facility is accessed from the north, off of
Eames Street. Access to the Facility is restricted by locked gates when the
Facility is unattended.

The Facility is immediately surrounded to the east, north

and west by heavy and/or light industrial facilities and to its immediate south
by the old Woburn Town Dump.
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Further to the west of the Facility, along Main Street, Cook
Avenue and Border Avenue, the land use primarily consists of single-family
dwellings and some commercial and light industrial development.

Figure 2.3 presents a zoning map for Wilmington for the
area immediately surrounding the Facility. As shown on Figure 2.3, the
Facility and much of its surrounding area is zoned as General Industrial

corresponding to the current land use.

2.2  SITE HISTORY

Information presented in this section has been supplied by
Olin Corporation, and is based on Olin's own investigation of the Facility's

history.

2.2.1 Ownership

The Facility, currently owned by Olin Corporation (Olin)
was formerly owned by Stepan Chemical Company (1968-1980), National
Polychemicals, Inc. (1953-1968), and American Biltrite Rubber (for a brief
period in 1964). The Facility was closed by Olin in September 1986.

More specifically, from the Facility's construction in 1953
until 1968, it was owned by an entity known as National Polychemicals, Inc.
(NPI). It is believed that NPI was initially operated by certain shareholders of
American Biltrite Rubber (ABR) from about 1953, and that in 1959, NPI was
transferred to American Biltrite Rubber (now known as American Biltrite,
Inc.), which continued to operate NPI until 1964. (For approximately one
month in early 1964, NPI was dissolved and the Facility was directly owned
and operated by ABR.) From 1964 until 1966, NPl was operated by Fisons
Limited (now Fisons plc). From 1966 until 1968, NPI was operated by Fisons
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Corp., a subsidiary of Fisons Limited. Fisons Corp. merged in 1981 with FBC
Chemicals, Inc., which is now known as NOR-AM Chemical Co.

Stepan Chemical Company (now known as Stepan
Company) acquired NPI in 1968, and merged NPI into Stepan in 1971. Stepan
continued to own and operate the Wilmington Facility until 1980, when it
sold the Facility to Olin Corporation. Olin operated the Facility from 1980
until 1986.

2.2.2 Production Activities

The Facility historically manufactured chemical blowing
agents, stabilizers, antioxidants and other specialty chemicals for the rubber
and plastics industry. Table 2.1 presents a summary of Facility's historic
processes, based on information currently available, including raw materials,

wastes generated and corresponding years of production.

2.2.3 Waste Disposition

Prior to 1970, all liquid wastes generated at the Facility
were discharged into a series of unlined pits in the central portion of the
Facility or into the unlined Lake Poly located along the western boundary of
the Facility. Figure 2.4, taken from a 1970 Wastewater Characterization Study
report prepared for National Polychemicals, Inc., by Marine Research
Laboratory, New London, Conn,, identifies the former location of three pits
and Lake Poly. Prior to 1964, with the construction of the two warehouses,
two pits can be seen south of Plant C in early aerial photographs. These pits
were located in the area of the two warehouses as shown on Figure 2.4. With
the construction of the warehouses, in or about 1964, three new acid pits were
constructed further south as shown on Figure 2.4.

#8003 6 CONESTOGA-ROVERS & ASSOCIATES



3683 13)

A process sewer system collected concentrated acid wastes
and dilute acid waste including weak acid streams, wash waters from
products, filtrate, cooling tower blowdown, boiler blowdown and the pilot lab
and discharged to the unlined pits.

It is believed that the unlined pits were associated with
Facility production since the start of the Kempore process in 1956. From 1956
to 1967 sodium dichromate was used in the process and acidic waste
containing chromium sulphate was believed to have been discharged to the
pits and to Lake Poly. About 1967 the Kempore process was changed to use '
sodium chlorate and discharged acidic waste contained sodium chloride and
sodium sulphate rather than chromium sulphate. Kempore was produced in
Plant C, Plant C-2 and Plant C-3. The locations of these Plants and the sewer
lines which discharged the acid wastes to the acid pits and Lake Poly are
shown on Figure 2.4. It should be noted, however, that prior to 1964, two pits
were located in the area of the two warehouses shown on Figure 2.4.

A second liquid disposal system collected yard drainage
and process area floor drains. These areas collected truck unloading station or
process area spills and discharged to the unlined Lake Poly. As mentioned
above, it is believed that wastes from the Kempore process in Plant C were
also discharged to Lake Poly as were wastes from the Opex process in Plant A
which used 415 processing oil.

In 1970 Stepan completed a neutralization system
including two lined lagoons. The acidic waste streams were neutralized with
lime and the material sent to the lagoons. The supernatant was transferred to
a clarifier and discharged "through its property” until the Metropolitan
District Commission (MDC) sewer was completed in 1972, at which time it
was discharged to the MDC sewer.

Calcium sulphate solids from the lined lagoons were
dredged periodically and were landfilled on the southwest corner of the
Facility (Sulphate Landfill). National Polychemicals received approval from
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the State for plans to construct the Sulphate Landfill in January 1974. Stepan
received approval from the State to use the Sulphate Landfill in January 1975.

Subsequent to Olin's purchase of the Facility from Stepan
in 1980, Lagoon I was relined in 1981 and Lagoon II was relined in 1983. After
Olin discontinued operations at the Facility in 1986 both Lagoons I and 11 were
drained, the water treated to remove sulphate and then discharged to the
MDC sewer. The sludge and liners were excavated and taken and disposed of
in the Sulphate Landfill. '

Waste placement at the Sulphate Landfill ceased in
December of 1986. Olin applied to the DEP in 1986 and 1987 to close the
Sulphate Landfill and received agency approval on both submittals. Olin
formally notified the DEP in 1988 that closure had been completed. The DEP
then informed Olin that even though the DEP had previously approved the
closure plans, closure of the Sulphate Landfill was not approved.

On March 19, 1992, Olin received a letter from the DEP
requesting further documentation of the Sulphate Landfill. Olin met with
the DEP and submitted previous information with which to support Olin's
position that closure of the Sulphate Landfill was completed in accordance
with the approved closure plan.

2.2.4 Historical Actions

The Plant B area has been an area of concern at the
Facility. There have been various allegations, in interviews of former
employees, of spills in the area, but no documentation of spills exists.
Materials allegedly spilled include diisobutylene, diphenylamine,
dioctylphthalate and dioctyldiphenylamine, and fuel oil.

When Olin purchased the Facility in 1980 from Stepan
Chemical Company, the Plant B tank farm (SWMU No. 23) sat on grade with
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no perimeter dike or spill containment system. Olin subsequently installed a
secondary containment system consisting of a concrete base slab and

perimeter curbing.

In November of 1980, Olin entered into an
Administrative Order with the DEP to stop the seep into the East Ditch. Olin
installed four (4) pumping wells, between Plant B and the East Ditch, to
provide hydraulic containment of the oil seep and extract contaminated
groundwater from beneath Plant B. The extracted groundwater was treated
and subsequently used in Facility operations as pump seal water.

In 1984, Olin installed five (5) new wells, closer to the East
Ditch, to improve the capture of oil identified in the area.

After the Facility was closed in 1986, the extracted
groundwater continued to be treated and was trucked to the Greater Lawrence
Wastewater Authority POTW. Since October 1987, the treated groundwater
has been discharged to surface, in the West Ditch, through a NPDES
permitted outfall (SWMU No. 32).

In 1988, Olin installed three (3) large diameter (two
12-inch and one 16-inch) wells to replace the five (5) wells previously
installed in 1984. The 1984 wells had begun to plug due to fouling of the

screens with iron.

The current treatment system consists of overchlorination
to remove ammonia, and granular activated carbon to remove organics.

23  PREVIOUS STUDIES

Several studies have been completed at the Facility in the
past which document the Facility history since chemical manufacturing first
commenced at the Site in 1953. The studies also document hydrogeologic and

9 CONESTOGA-ROVERS & ASSOCIATES



environmental investigations which have been conducted at the Facility
since 1977.

A Massachusetts Field Investigation Team (FIT) Phase I
Site Inspection Report prepared by Wehran Engineering Corp. in 1986 for the
DEP presented a discussion of Facility location and description, Facility
operational history, and results of past hydrogeologic and environmental
investigations along with a Hazard Ranking System (HRS) Score for the
Facility.

The Wehran FIT Report was based on Facility inspections
conducted by Wehran and an extensive review of historical investigations

including the following reports:

1 Hydrogeologic Investigation, February 1982, Malcolm Pirnie Inc.

2, Report on Groundwater and Surface Water Study, December 1978,
Geotechnical Engineers Inc.

3. FIT Project - Site Inspection Report of Olin Chemicals Group Plant,
December 1980, Ecology and Environment Inc.

4. Olin Chemicals Annual Groundwater Status Reports.

Further historic information is provided in annual
monitoring program reports submitted to the DEP under an Administrative
Order. These reports include:

1. Olin Chemical Site - Wide Hydrogeologic and Surface Water Study:
1986, dated December 5, 1986.

2. Groundwater and Surface Water Monitoring Status Report, Olin
Corporation, Wilmington, Massachusetts, May 1987.

3. 1987 Site-Wide Status Report, Wilmington, Massachusetts, March 1988.

4. Olin - Wilmington, Massachusetts Facility Annual Groundwater
Monitoring Report: 1988, dated January 19, 1989.
5. Olin - Wilmington, Massachusetts Facility Annual Groundwater

Monitoring Report: 1989, dated May 1990.
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6. Olin - Wilmington, Massachusetts Facility Annual Groundwater
Monitoring Report: 1990, dated May 1991.

In addition to the annual monitoring program conducted
by Olin, as documented in the above referenced reports, Olin has also
undertaken the following activities/investigations during 1989 and 1990.

As part of the CSA Work Plan, a total of 34 Solid Waste
Management Units (SWMUs), which are historic potential contaminant
source areas, were identified by Olin at the Facility. Table 2.2 itemizes the
SWMUs and Figure 2.5 locates the SWMUs.

In March 1989, Olin conducted a metal detection survey in
an effort to identify potential areas of historic drum burial at the Facility. The
results of the metal detection survey are presented Appendix C of the CSA
Work Plan.

In May 1990, Olin collected sediment samples from the
west and south ditches of the Facility for chemical analyses. The analytical
results and sampling locations are presented in Appendix D of the CSA Work
Plan.

In October 1990, Olin sampled nine private water supply
wells to the west/southwest of the Facility. The samples were analyzed for
the specified parameters and in accordance with the protocols required under
Massachusetts Drinking Water Regulations 310 CRM 22.00. A copy of the
analytical reports are provided in Appendix E of the CSA Work Plan. The
type and location of the wells sampled and the analytical results are further
discussed herein in Section 4.15.7.

In December 1991, as part of the CSA Phase II, CRA on
behalf of Olin, prepared and submitted to the DEP the report entitled
"Comprehensive Site Assessment Interim Report”. This report documented
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CSA activities and provided a hydrogeologic interpretation of conditions at
the Facility based on established data at that time.

24  SITE UTILITIES

Based on information provided by Olin, historic and
existing underground utilities are shown on Plan 1, enclosed and Figure 2.4.
All historic underground utilities, identified on Plan 1 and Figure 2.4, which
are no longer used by the Facility have been plugged by Olin. All surface and
storm water catch basins have also been plugged. There is no point source
stormwater discharge associated with the Facility. All stormwater flows off of
the Facility in sheet flow run-off. The process sewer connections to the waste
treatment plant have also been plugged. Therefore, the historic underground
utilities at the Facility are not considered to represent a potential preferential
route of migration of contaminants at the Facility. Also, the overburden at
the Facility exhibits a hydraulic conductivity in the range of 10-1 ecm/sec to
10-3 cm/sec (see Section 5.4). Any bedding material which may have been
used when installing the underground utilities would probably exhibit
hydraulic conductivities on the same order of magnitude. Therefore, the
bedding material is not considered to represent a potential preferential route
of migration of contaminants at the Facility.
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3.0 REGIONAL SETTING

The following regional overview was derived principally
from two sources: USGS Water Supply Paper 1694 "Geology and
Groundwater Conditions in the Wilmington-Reading Area, Massachusetts"”
and "Aquifer Protection Study Town of Wilmington", prepared by IEP Inc. in
1990. For purposes of clarification, "Site" refers to the Facility grounds and
surrounding region studied as part of the CSA, and "Facility" refers to that
portion of the Site which lies within the Facility's property boundary.

31 REGIONAL TOPOGRAPHY

The Facility lies in the headwater regions of both the
Aberjona River Basin and Ipswich River Basin. The surface water divide for
these river basins is positioned just west and north of the Facility. The
topography of the area is generally flat and low lying. Elevated areas are
scattered across the area where bedrock ridges and knobs protrude from the
relatively flat landscape. Surface elevations in the vicinity of the Site range
from approximately 78 feet above mean seal level (AMSL) to approximately
82 feet AMSL in the flat low-lying areas to a maximum elevation of
approximately 155 feet AMSL at the highest bedrock knob, which lies
immediately west of the Facility. Plan 2, enclosed, presents a topographic map
of the Facility and surrounding area.

3.2 REGIONAL GEOLOGY

In the area of the Site, unconsolidated glacial deposits
overlying crystalline metamorphic and igneous bedrock constitute the two
major geologic units. Figure 3.1 presents a generalized stratigraphic
relationship between these units. The following subsections provide a
discussion of the surficial and bedrock geology.
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3.2.1 Surficial Geology

Regionally, the unconsolidated surficial deposits can be
divided into three general units; glacial till, ice contact deposits, and outwash.
Organic swamp deposits (peat) exist over much of the area. The parent
bedrock of the glacially derived sediment is principally medium to coarse
grained crystalline rock and as a result the glacial sediment is also relatively
coarse grained. A general description of the three units including discussions
of depositional origin, distribution and sedimentary characteristics is

presented below.
Glacial Till

Glacial till is deposited directly by glacial ice typically at the
base of the glacier (lodgement till) and or at the ice margin with little
reworking by glacial meltwater (ablation till). In the area of the Site, both till
types have been described (see Section 5.3). A lodgement till reportedly
overlies bedrock in varying thicknesses up to ten feet thick. This till consists
of poorly sorted mixtures of sand, gravel and boulders with a minor
component of silt and clay. Lodgement tills are typically dense due to the
compressive force of the glacial ice applied to the sediment during deposition.

Ablation till reportedly overlies much of the area,
however, it is scattered and difficult to discern from other glacial sediment
types. The ablation till consists primarily of sand through boulder sized
material.

Ice Contact Deposits

Ice contact deposits are extensive throughout the area of
the Site and are formed where high volumes of meltwater transport and
deposit heavy loads of sediment at the immediate margin of the glacier.
These deposits consist of poorly to moderately sorted, crudely stratified,
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mixtures of sand through boulder sized sediment. Ice contact deposits exist in
thick packages and are the predominant unit filling some of bedrock valleys

which exist in the area.

Glacial Qutwash

As the glacial ice margin retreated further from the area of
the Facility, glacial meltwaters transported and deposited an areally extensive
outwash unit. This unit interfingers with and overlies the ice contact
deposits in most areas. The outwash unit consists generally of stratified,
moderately sorted fine to medium grained sand with minor interbeds of
coarse sand and gravel. The outwash, though areally extensive, does not

overlie the ice contact deposits in all areas.

3.2.2 Bedrock Geology

Throughout the area of the Site, the dominant bedrock
type is dark gray, fine grained gneiss. The gneiss exhibits relict bedding and
sedimentary structures and shows mineralogical and textural bedding that
suggests a sedimentary rock protolith. A large ridge of this gneiss outcrops
along the Woburn/Wilmington boundary as well as in scattered localities
across the Site area. In general, the bedrock highs represent zones of greater

erosional resistance.

Regional drilling and seismic data shows that the bedrock
surface is dissected along zones of apparent weakness into "bedrock valleys".
The valleys most likely existed prior to the last glaciation and were further
eroded by glacial ice. Regionally, these valleys are associated with fault zones
where the bedrock has been weakened by fracturing associated with
movement along the faults.
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33 REGIONAL HYDROGEOQLOGY

3.3.1 Overburden Hydrogeology

The regionally extensive glacial fluvial deposits constitute
important regional aquifers. Groundwater flow systems in the
unconsolidated glacial sediments are closely integrated with the surface water
drainage systems with recharge occurring in the upland areas of the basins
and discharge occurring to the stream systems. Because the landscape is
generally flat and the surface soils are composed primarily of sand and gravel,
a high percentage of precipitation recharges the groundwater system.

Groundwater divides closely coincide with the surface
water divides. As described in Section 3.4, the major river valleys and their
tributaries overlay regional, buried bedrock valleys. The aquifers are thickest
in these valleys and provide the principal groundwater resource for local
municipalities (see Section 3.5). Hydraulic conductivity values in this aquifer
range from 30 to 380 ft/day, (1.0 x 10-2 cm/sec to 1.3 x 10-1 em/sec) in the ice
contact deposits and 0.04 to 114 ft/day (1.4 x 10 cm/sec to 4.0 x 10-2 em/sec) in
the outwash (IEP, 1990 p.19).

3.3.2 Bedrock Hydrogeology

The bedrock in the area of the Site is moderately to weakly
fractured with a zone of higher degree of fracturing found at the top of the
bedrock surface. Fracturing diminishes, in general, within five to ten feet of
the bedrock surface. Correspondingly, little groundwater is transmitted
through the bedrock below the upper fractured surface. Wells completed
regionally in the bedrock are typically constructed with several hundred feet
of open hole and produce yields adequate for only domestic use. The typical
bedrock well yields 0.5 to 60 gpm (USGS-1694, p.17).
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34 REGIONAL SURFACE WATER HYDROLOGY

The Site lies in both the headwaters of the Ipswich River
and the Aberjona River watersheds. The surface water divide separating
these two watersheds runs just west and north of the Facility. The principal
tributaries which drain the Site and feed these rivers are:

e Maple Meadow Brook which lies west of the Facility and flows north to
the Ipswich River; and

» A network of drainage ditches which drain the Facility and flow south to
Halls Brook which in turn flows into the Aberjona River.

Figure 3.2 identifies the two drainage basins.

The principal streams which drain the Site, and to some
extent their tributaries, are located over buried bedrock valleys which dissect
the region. Both the Ipswich and Aberjona Rivers overlie well defined
bedrock valleys.

The streams in the area derive their principal component
of flow from groundwater discharge. Stream flows fluctuate in response to
seasonal changes in evapotranspiration rates, and to some extent
precipitation events.

35 WATER RESOURCES

Located approximately 4,000 feet northwest of the Facility
are three Town of Wilmington well fields at Chestnut Street, Butters Row
and Town Park The locations of these wells are shown on Plan 3, enclosed
and on Figure 3.3.

The wells are completed in a thick sequence of sand and
gravel which fills a bedrock valley associated with Maple Meadow Brook, a
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tributary of the Ipswich River. A summary of the Town of Wilmington
production wells located west of the Facility is presented in Table 3.1.
Construction details for these wells were obtained from Town of Wilmington

and are presented in Appendix A.

As shown in Table 3.1, the combined maximum design
yield of these wells is 4.6 million gallons per day (MGD) which comprises
approximately 49.5 percent of the Town of Wilmington's maximum design
yield. However, the average production rate for these wells is approximately
2.3 MGD which-comprises approximately 62.2 percent of the Town of
Wilmington's average production rate. The discharge from Butters Row,
Chestnut Street and Town Park are combined at the Butters Row Treatment

Plant for treatment prior to distribution.

The groundwater is initially treated by conventional
aeration. Alum, potassium permanganate, and polymer are added to aid in
the removal of the particulate matter, followed by granular activated carbon
units to remove the remaining organics. The pH is then adjusted with the
addition of lime and chlorine gas is bubbled through the water for

disinfection purposes.

The Town of Wilmington wells located west of the
Facility were sampled by CRA and Coast-to-Coast Analytical Services, Inc.
(formerly ABB) personnel during the CSA activities, as discussed in
Section 4.15.8.

The sand and gravel aquifer, and to some extent the
bedrock, also provide water to private wells located west of the Facility.

Altron Corporation (Altron) located approximately
500 feet west of the Facility currently has two wells in operation which are
pumped at approximately 136,000 gpd (communication with Altron 1993).
The groundwater is used as non-contact cooling water and a portion is treated
for use in its process. The water is then discharged to the Massachusetts
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Water Resource Authority sewer system. Available well logs and chemical
data from the Altron property are located in Appendix A. It should be noted
that a well was constructed at Altron in 1977 in which, upon well
development, "green" water was pumped from a depth of approximately

67 feet below ground surface. The "green" water is characteristic of the
groundwater plume migrating from the Facility (see Section 6.0). This is
noted on a well log located in Appendix A. The location of Altron relative to
the Facility is shown on Plan 3, enclosed and on Figure 3.3.

Private well inventories conducted by Olin and CRA over
the course of the CSA, identified residences west and southwest of the Facility
who have private wells. Table 3.2 summarizes by plot and parcel number,
private residences west of the Facility, along Main Street and Cook Avenue
and southwest of the Facility along Border Avenue and indicates which
residences are connected to town water and which residences have private
wells. Figure 3.3 identifies the location of the private residences by plot and
parcel number. All of the identified private wells in the vicinity of the
Facility were sampled by Olin during CSA activities, as discussed in
Section 4.15.7.

The aquifer which occupies the Aberjona River Basin is
also considered a primary source of groundwater for the Woburn,
Massachusetts region. Currently, however, wells located in the northern
portion of the Town of Woburn are not being pumped. Also, in the vicinity
of the Site, no private wells were identified to exist in the northern portion of
the Town of Woburn.

36 CLIMATE

The climate in this region is humid and temperate with
fairly uniform monthly precipitation. The average annual precipi.tation
recorded at Reading, Massachusetts is 40.9 inches with October typically being
the driest month and April being the wettest. Seventy-five percent of the
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precipitation occurs during the frost free season. The mean January
temperature is 26.6°F and the mean July temperature is 73.7°F with a mean
annual temperature of 49.8°F. The prevailing wind direction is from the west
northwest during the winter months, and from the southwest during the
summer months with an average windspeed of 7 knots (Hanscom Field
Airport, Bedford, Ma).
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ASEI VITIE

As discussed in Section 1.0, the objective of the CSA is to
conduct a systematic investigation and assessment of the Facility to
characterize the type and quantity of oil or hazardous materials released at or
from the Facility in order to characterize and evaluate the risk or harm, if any,
that the Facility poses to health, safety, public welfare and the environment.
This section summarizes the investigation activities.

41  CSA FIELD ACTIVITIES SUMMARY

The following field activities were
implemented/completed during the CSA to collect the necessary data to
complete the objectives of the CSA:

Aerial fly-over and surveying for topographic map;

2. Implementation of a magnetometer survey/test pit program to identify
any potential buried drums at the Facility;

3. . Implementation of a soil gas survey/test pit program to identify any
potential buried drums beneath the warehouses at the Facility;

4. Completion of seismic refraction survey to aide in the determination
of bedrock topography;

5. Installation of new monitoring wells both on and off the Facility;

6. Development and permeability testing of new monitoring wells;

7. Collection of potentiometric groundwater elevations to determine

groundwater flow rate and direction;

8. Downhole electromagnetic (EM) logging and temperature logging to
help delineate the groundwater contaminant plume;

9. Installation of surface water piezometers and staff gauges to monitor
surface water flow;

10.  Completion of a qualitative biota/wetlands delineation survey;

11.  Collection of excavated drum samples for chemical analyses;
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12.  Installation of investigative soil borings and collection of subsurface
soil samples for chemical analyses;

13.  Collection of surface soil samples for chemical analyses;

14.  Collection of groundwater samples for chemical analyses from existing
monitoring wells, new monitoring wells, residential and town wells;
and

15.  Collection of surface water and sediment samples for chemical analyses

from surface ditches.

The above list of activities includes both those activities
identified in the CSA Work Plan and additional activities not identified in
the CSA Work Plan. The additional activities consist of above activities 3, 4, 8
and 9. The additional activities also included the completed of additional
boreholes and monitoring wells and additional soil, groundwater, sediment
and surface water sampling beyond that indicated in the CSA Work Plan.

A summary of CSA field activities including
commencement and completion dates is presented in Table 4.1. The
following subsections present detailed discussions of the CSA activities. All
CSA activities, unless otherwise noted, were conducted in accordance with
the protocols/procedures presented the CSA Work Plan.

42 TOPOGRAPHIC MAP

A topographic map of the Site was prepared by Dana F.
Perkins, Inc., Consulting Engineers & Land Surveyors of Reading,
Massachusetts as part of the CSA. The topographic map was prepared using
aerial photography combined with ground control survey, as required. The
topographic map was prepared in two stages. An initial topographic survey of
the Facility was conducted in December 1990 and encompassed an area of
approximately 130 acres. In December 1991, the topographic survey was
expanded beyond the area of the Facility to include an additional 445 acres. In
total, the topographic map prepared covers an area of approximately 575 acres.
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Plan 2, enclosed, presents the topographic map. The topographic map is
drawn at a scale 1"=200" and presents ground surface contours at 1-foot
intervals. Vertical control is referenced to mean sea level (MSL) and
horizontal control is referenced to USGS datum.

43  FACILITY MAGNETOMETER SURVEY

From December 14, 1990 through January 8, 1991, LG, a
division of Layhe GeoSciences Inc., performed an extensive magnetometer
survey of the Facility to determine the potential presence and location of
buried drums. A copy of LGI's Geophysical Investigation Report is provided
in Appendix B and Plan 4, enclosed, presents a magnetic gradient map

interpretation based on the survey.

The geophysical investigation identified a total of 12
anomalies of unknown or suspicious manner which could be potentially
associated with buried drums or tanks. The anomalous areas are identified in
the Geophysical Investigation Report (Appendix B) and also on Plan 5,
enclosed.

44  FACILITY FIELD TEST PIT EXCAVATIONS
44.1 General

Based on the results of the magnetometer survey (see
Section 4.3), it was determined that a series of test pit excavations would be
completed to investigate the anomalies of unknown or suspicious manner.
Prior to commencing test pit excavations, a report entitled "Work Plan, Test
Pit Excavation Program, Wilmington Facility, Wilmington, Massachusetts,
Olin Corporation, August 14, 1991" (Facility Test Pit Work Plan), was prepared
by CRA and reviewed and approved by Olin. The Facility Test Pit Work Plan
included a materials handling plan, sampling protocols, analytical protocols
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and a health and safety plan. The Facility Test Pit Work Plan was adhered to
during all test pit excavation activities. From October 2, 1991 through
October 10, 1991, Clean Harbors of Kingston, Inc. (Clean Harbors) performed
the test pit excavation program under the supervision of Olin and CRA

personnel.

4472 Field Activities

Clean Harbors performed the test pit excavations using a
large excavator, a medium sized backhoe, and a small "bobcat" backhoe. The
excavator was used in areas of easy access, the backhoe was used where access
was restricted by dense vegetation, and the "bobcat" was used in areas where
soft wet soil conditions existed. Clean Harbors provided a crew of four
people: an excavator operator; two field technicians; and a site
supervisor/health and safety officer.

The test pits were advanced by removing approximately
two to six inches of soil from the excavation until buried wastes and/or
groundwater was encountered. If drums and/or buried wastes were
encountered, the excavation was extended in a lateral direction to define the

horizontal extent of buried drums and/or wastes.

Twenty-eight test pits were excavated within the 12
anomalous areas identified by the magnetometer survey. One additional test
pit was also excavated in an area identified by a former Facility employee as a
potential area of drum disposal. Therefore, a total of 29 test pits were
excavated at the Facility. Plan 5, enclosed, locates the test pit locations.

In areas where buried drums or visibly contaminated soils
were identified, samples were collected for chemical analysis. A total of eight
drum and/or soil samples were collected for chemical analysis as
summarized in Table 4.2. A representative cross-section of encountered

wastes was sampled for chemical analyses in order to provide as complete an
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inventory as possible of buried wastes. The presence/characterization of
buried drums/waste is discussed in detail in Section 5.6.

Five drums were excavated during sampling and were
placed into DOT-approved 85-gallon overpack drums. The drums were
moved to a staging area at the Facility, subsequently characterized by Olin and
were disposed of off Site, at a facility meeting Federal and State regulations.

45 WAREHOUSE SOIL GAS SURVEY

From February 5, 1992 through February 7, 1992, LGI
performed a soil gas survey beneath the floor of two warehouse buildings at
the Facility. The soil gas survey was conducted in an attempt to delineate
areas under the warehouses which may be indicative of buried waste. Early
aerial photographs of the Facility show two (2) pits behind Plant C with
drums clearly present. A later aerial photograph shows the two large
warehouses built over the location where the pits had previously been.
Interviews by Olin, with previous employees indicated that drums may have
been buried under the warehouses during construction. The soil gas survey
identified three areas which could potentially be indicative of buried wastes.
A copy of LGI's Soil Gas Survey Report is provided in Appendix C.

46 WAREHOUSE TEST PIT EXCAVATIONS
4.6.1 General

Based on the results of the soil gas survey (see Section 4.5),
it was determined that a series of test pit excavations would be completed in
the area of the warehouses to investigate the potential of buried wastes. Prior
to commencing the test pit excavations, a report entitled "Work Plan, Test Pit
Excavation Program, Warehouse Buildings, Wilmington Facility,
Wilmington, Massachusetts, Olin Corporation, July 1992" (Warehouse Test
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Pit Work Plan) was prepared by CRA and reviewed and approved by Olin.
The Warehouse Test Pit Work Plan included a materials handling plan,
sampling protocols, analytical protocols and a health and safety plan. The
Warehouse Test Pit Work Plan was adhered to during all test pit excavation
activities. From July 27, 1992 through July 30, 1992, Clean Harbors performed
the test pit excavation program under the supervision of CRA personnel.

4.6.2 Field Activities

Clean Harbors performed the test pit excavations using a
medium sized backhoe and a "bobcat" loader equipped with a concrete
breaker. Clean Harbors provided a crew of four people: a site supervisor; an
excavator operator; one field technician/chemist; and a health and safety
officer.

At each test pit location, the concrete floor was initially
sawcut and then broken up using the "bobcat” loader equipped with a
concrete breaker. The concrete pieces were removed using the backhoe and
stockpiled at the Facility. The test pits were advanced by removing
approximately six to 12 inches of soil from the excavation until groundwater
was encountered. All excavated soil was placed on polyethylene sheets
immediately adjacent to the excavation. Soil samples were collected from the
base of each test pit excavation for headspace screening using an HNu meter.
Table 4.3 provides a summary of the HNu meter readings at each test pit
location. Based on visual inspection and the HNu screening, no samples
exhibited evidence of contamination, therefore, no samples were collected for
chemical analysis. Upon confirmation of the absence of drums/drum wastes
in the test pits, each test pit excavation was backfilled with the previously
excavated material.

A total of nine test pits were excavated within the three
anomalous areas identified by the soil gas survey. Figure 4.1 locates the
warehouse test pit excavations.
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4.7  SEISMIC REFRACTION SURVEYS

LGI was also retained to perform seismic refraction
surveys at the Site to aid in the determination of the underlying bedrock
topography for the selection of monitoring well locations outside of the
Facility's boundary. LGI conducted two separate seismic refraction surveys;
one in October 1991 and one in February 1992. _

A discussion of the methods and results of the two
seismic investigations are presented in the reports entitled "Geophysical
Investigation, Olin Chemical Facility, Wilmington, Massachusetts,
November 1991" and "Geophysical Investigation, Olin Chemical Facility,
Wilmington, Massachusetts, March 1992" presented in Appendix D. Plan 6,
enclosed, shows the locations of the seismic refraction survey lines.

48 MONITORING WELL INSTALLATIONS

Monitoring wells were installed on and in the vicinity of
the Facility throughout the period of June 1991 to May 1993. All monitoring
well installations were completed by Soil Exploration of Leominister,
Massachusetts under the supervision of CRA personnel. Prior to drilling at
any location, the appropriate Wetlands Commission approvals were obtained
by Olin.

A total of 70 groundwater monitoring wells (GW-4D and
well nests GW-40 through GW-75) were installed at the Site: 31 monitoring
the upper portion of the unconsolidated aquifer (including well GW-62M); 35
monitoring the lower portion of the unconsolidated aquifer and upper
fractured portion of the bedrock; and 4 wells monitoring only the upper
fractured portion of the bedrock encountered beneath the Site surrounding
area.
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Plan 3, enclosed, shows the location of all existing
monitoring wells and all monitoring wells installed as part of the CSA
activities. As part of the CSA activities all existing Facility monitoring wells
were inventoried and assessed. Olin secured all existing monitoring wells
with lockable caps not already secured and performed any surface repairs
required. Table 4.4 provides a summary of all monitoring well construction
details. Stratigraphic and instrumentation logs for all wells are provided in

Appendix E.

Shallow overburden wells were installed using hollow
stem augers (4 1/4-inch inside diameter, nominal 8-inch outside diameter).
Each shallow well was constructed of 10-foot long, 2-inch diameter PVC
screen and PVC pipe riser. The top of the screen was set approximately
one foot above the static water level determined during drilling.

Deep wells were installed to monitor the upper fractured
portion of the bedrock and the immediately overlying strata. Temporary
5-inch diameter casing was advanced to the top of bedrock. A corehole was
then advanced approximately five feet into the bedrock using wet rotary
techniques and continuous sampling with NX size equipment. The core was
inspected to determine the depth to the most fractured zone in the 5-foot core.
Subsequently, the corehole was reamed out to the base of the most fractured
zone using a 5 7/8-inch diameter Tricone drill bit. Each deep well was then
constructed of 10-foot long, 2-inch diameter, PVC screen and PVC pipe riser.

Bedrock wells were installed to monitor the fractured
portion of the bedrock. Bedrock wells were installed by advancing a nominal
S5-inch diameter casing to the top of bedrock. After the 5-inch diameter casing
had been set to bedrock, the bedrock was cored using HQ sized coring
equipment. The core was logged by the on-Site geologist noting lithology, and
pertinent structural geologic features (i.e. fracture and joint style, frequency,
and orientation). At a depth where fracturing had diminished, the hole was
reamed to a diameter of 4 7/8 inches. Flush threaded 4-inch diameter PVC
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casing was then installed and grouted into the reamed bedrock corehole. The
casing was allowed to set a minimum of 48 hours to ensure that an adequate

seal had achieved.

The well was then further advanced by coring using HQ
sized coring equipment. The corehole functions as the monitored zone for
the well. The on-Site geologist determined the final depth of the corehole
based on the interpretation of the drill core.

At completion, all monitoring wells were secured with

lockable caps and locks.

Following installation, all monitoring wells were
developed prior to sampling in accordance with the protocols presented in
Appendix H of the CSA Work Plan.

All development water from wells located on the Facility
was discharged to the ground surface away from the well. All development
water from wells located off the Facility was collected in 55-gallon drums and
transferred to a tank at the Facility. The development water in the tank was
sampled and characterized by Olin and disposed of off Site at a facility meeting
State and Federal regulations.

All remaining soil cuttings from well installations were
collected, placed into DOT-approved 55-gallon drums and transferred to a
staging area at the Facility. The drummed soils were sampled and
characterized by Olin and disposed of off Site at a facility meeting State and
Federal regulations.
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49 HYDRAULIC CONDUCTIVITY TESTING

Selected overburden monitoring wells were tested for
in situ hydraulic conductivity of the screened portion of the aquifer. The tests

were conducted by using two methods.

The first method termed a slug test was performed by
quickly inserting a PVC rod or "slug” of known volume into the water
column within the monitoring well which resulted in a sudden rise of the
water in the well in response to the increase of volume. The change in water
level over time was recorded using a pressure transducer connected to a data
logger. This is termed a "falling head" test. After the well was stabilized, the
slug was then quickly removed from the well resulting in a sudden lowering
of the water table. The recovery of the water table is then recorded with the
data logger. This is termed a "rising head" test.

Because wells responded very quickly to the slug tests (i.e.
hydraulic conductivities were too great to collect adequately spaced data),
single well pumping tests were then conducted on selected overburden
monitoring wells. This test was conducted by pumping the monitoring well
using a Grundfos 2.0-inch submersible pump to purge the monitoring well
while simultaneously recording the water level response (drawdown) with a
pressure transducer connected to a data logger. A maximum pumping rate of
seven gallons per minute was achieved with the Grundfos pump. After the
well reached stabilization (i.e. drawdown had ceased), the pump was shut off
and the resulting recovery was recorded with the data logger.

During the single well pumping tests in the overburden
wells, the water levels exhibited very little measurable drawdown when
pumped at seven gallons per minute. The wells reached stability soon after
pumping commenced indicating high hydraulic conductivities of the
screened portion of the aquifer.
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Single well pumping tests were also conducted in selected
bedrock wells using the same procedure as discussed above for the
overburden monitoring wells. These tests generated drawdown and recovery
data which indicated very low hydraulic conductivities for the bedrock

formation.

The slug test and pumping test data and data
interpretation are presented in Appendix F. Table 4.5 summarizes the
resulting hydraulic conductivities calculated or estimated.

As summarized in Table 4.5, the horizontal hydraulic
conductivity for the monitored intervals of the glacial fluvial deposits
(overburden) ranged from 7.7 x 10-2 cm/sec to 9.7 x 104 cm/sec, with a
geometric mean of 7.9 x 10-3 cm/sec. These data are consistent with the
regional hydraulic conductivity data discussed in Section 3.3.

As also summarized in Table 4.5, the horizontal hydraulic
conductivity for the monitored intervals of the bedrock ranged from
1.20 x 103 cm/sec to 2.26 x 10°5 cm/sec, with a geometric mean of
1.715x 10" cm/sec. These data are consistent with the regional groundwater
availability in the bedrock as discussed in Section 3.3.

410 SURFACE WATER PIEZOMETER
AND STAFF GAUGE INSTALLATIONS

A total of ten piezometers and two staff gauges were
installed in the West Ditch network and Maple Meadow Brook, respectively,
for the purpose of obtaining surface water and groundwater elevation data.

The piezometers installed in the West Ditch network,
consist of a 2-foot length of stainless steel "wire wound" well screen coupled
and threaded to a 2-inch steel pipe riser. The piezometers were driven by
hand into the ditch bottom a minimum of 1/2 foot beyond the top of the
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screen. The piezometers were installed in July 1992 by Soils Exploration
under the supervision of CRA personnel. The piezometers were installed to
assist in the design of an interim action plan to control a white "floc" material
surfacing in the drainage ditch west of the Facility. A report entitled "Interim
Action Plan, West Ditch Precipitate, Olin Corporation, Wilmington Facility,
Wilmington, Massachusetts” dated September 1992, prepared by CRA, was
submitted to the DEP in September 1992.

The staff gauges installed in Maple Meadow Brook consist
of 4-foot long fence posts. The posts were driven by hand into the stream
bottom a minimum of two feet. The staff gauges were installed by CRA
personnel in October 1992. The staff gauges were installed to provide
additional information to confirm that the wetlands in the area of Maple
Meadow Brook is a recharge area. The location of the piezometers and staff

gauges are presented on Plan 3, enclosed.

411 WATER LEVEL MONITORING

Following completion and development of all new
monitoring wells, all existing and new wells, piezometers and staff gauges
were surveyed for horizontal and vertical control by Dana F. Perkins. Water
levels in the monitoring wells have been measured seven times between
September 30, 1991 and April 21, 1993. Table 4.6 summarizes groundwater
elevations measured over this period. Water levels in the surface water
piezometers have been measured four times, July 22, 1992, September 3, 1992,
January 7, 1993 and April 21, 1993. Table 4.7 summarizes the surface water
piezometer elevations. Water levels at the staff gauges installed in Maple
Meadow Brook were measured on April 21, 1993 and are summarized in
Table 4.7.
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412 DOWNHOLE ELECTROMAGNETIC LOGGING

Following well installation and development, a
downhole geophysical electrical conductivity (EM) survey was conducted on
selected wells to aid in defining the vertical extent of contaminants in the

aquifer.

The EM survey was conducted by lowering a probe with a
transmitter coil and receiver into the well. The transmitter, mounted at the -
top of the probe, induced an electric current into the geologic formation. This
current produced a secondary electromagnetic field within the formation.
The receiver, mounted at the bottom of the probe, measured the strength of
the electromagnetic field induced by the transmitter coil. The strength of the
electromagnetic field as recorded at the receiver is directly proportional to the
ability of the geologic formation to "conduct” electricity. If contaminants
were present dissolved in the groundwater, a corresponding elevated
conductivity anomaly would be noted during EM logging.

Hager-Richter Geoscience Inc. of Salem, New Hampshire
conducted the downhole EM logging in both August of 1992 and
December 1992/January 1993. A discussion of the methods and results of the
downhole EM logging is presented in Appendix G. The EM logging results
are also discussed in Section 6.0.

413 TEMPERATURE LOGGING

Hager-Richter Geoscience Inc. also conducted dual
temperature logging in the newly installed bedrock monitoring wells.
Temperature logging was used to help identify potential water bearing
fractures which may exist in the bedrock wells. A discussion of methods and
results of the temperature logging are presented in Appendix G. The
temperature logging results are also discussed in Section 5.4.

#83Q3) 33 CONESTOGA-ROVERS & ASSOCIATES



3683Q3) .

4.14 QUALITATIVE BIOTA SURVEY/WETLANDS DELINEATION

Olin retained the firm Wetlands Preservation, Inc., of
Georgetown, Massachusetts to conduct a detailed evaluation of the location
and characteristics of the various upland and wetland habitat areas on and
immediately adjacent to the Facility. The evaluation is documented in the
report entitled “Site Habitat Characterization, Olin Chemical Facility,
51 Eames Street, Wilmington, Massachusetts" dated March 1993 and is |
presented as Appendix H. The report presents an upland habitat and wetland
habitat evaluation and wildlife utilization.

4.15 CSA CHEMICAL SAMPLE COLLECTION

4.15.1 Groundwater Sampling

An initial set of groundwater samples was collected from
all existing and new groundwater (GW) and sulphate landfill (SL) monitoring
wells. The wells were sampled in August of 1991 by ABB personnel and were
analyzed for groundwater indicator parameters ammonia, chromium,
sulphate and chloride . Subsequent to this, between the period of
January 1992 and May 1992, as each new well nest was completed, the wells
were developed and initially sampled by CRA personnel for groundwater
indicator parameter analysis. Table 4.8 summarizes when each well was
sampled for the indicator parameter analysis. Subsequent to May 1992, all
new wells were sampled as part of the Site Specific Parameter List (SSPL)
groundwater sampling events which included indicator parameter analysis.

In December 1991, a set of groundwater samples were
collected by CRA personnel from eleven selected monitoring well locations.
The wells were selected based on historic and inorganic analytical data and
observations made during drilling of new wells. These wells were sampled
and analyzed for the full list of Target Compound List/Target Analyte List
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(TCL/TAL) compounds plus 2,4,4-trimethyl-1-pentene,
2,4,4-trimethyl-2-pentene, ammonia, chloride and sulphate. Table 4.9
summarizes the eleven wells sampled in December 1991.

Based on a review of the data from the eleven wells
sampled in December 1991, a Site Specific Parameter List (SSPL) was
developed for future groundwater, surface water and sediment sampling and
analysis. The SSPL included the above parameter list except for PCBs.

Subsequent to the development of the SSPL, two rounds
of groundwater samples were collected from all new monitoring wells and
selected existing monitoring wells. Prior to sample collection, all monitoring
wells were first purged in accordance with the protocols in Appendix H of the
CSA Work Plan. All samples were analyzed for the SSPL compounds and
selected samples were also analyzed for hexavalent chromium and specific
gravity. The two rounds of samples were collected in August of 1992 and
October/November of 1992. Wells installed after the October/November 1952
sampling event were sampled after development and are considered part of
the second round sampling event. Tables 4.10 and 4.11 summarize the wells
sampled during each round, respectively. Plan 3, enclosed, presents all
monitoring well locations.

A peristaltic pump was used for the collection of all
samples except the volatile parameter group. Volatiles were collected using a
bottom filling stainless steel/teflon bailer attached to new nylon rope. Prior
to use in any monitoring well, the sampling program equipment was
precleaned as described in Appendix H of the CSA Work Plan. New nylon
rope and dedicated teflon tubing were used at each well location.

In the event that the groundwater was still turbid
following purging, appropriate sampling techniques (i.e. low pumping rate)
were implemented to collect sediment-free samples or samples that were as
sediment-free as possible. In the event that a well was purged dry, sample
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collection commenced on the day of purging when the water level recovered

to the static water level.

Filtration of water samples (0.45-micron filter, millipore
aseptic unit or equivalent) in which analyses for TAL parameters was to be
performed was undertaken for all monitoring well samples prior to

preservation.

4.15.2 Surface Water Sampling

Two rounds of surface water samples were initially
collected by CRA personnel from locations along the surface drainage ditches.
These locations provided samples from upstream, adjacent, on and
downstream of the Facility from the West, South and East Ditches. Surface
water samples were collected and analyzed for the same parameters as the
groundwater samples (SSPL compounds). Selected samples were also
analyzed for hexavalent chromium. Round 1 surface water samples were
collected in August/September 1992 and Round 2 surface water samples were
collected in December 1992, subsequent to completing each groundwater
sampling event. After review of both rounds of surface data, water samples
were collected in the East Ditch further upstream and downstream of the
Facility. These samples were collected in March/April 1993, and are
considered part of the Second Round Sampling event. Tables 4.12 and 4.13
summarize the surface water samples collected during each round,

respectively. Plan 7, enclosed, shows all surface water sample locations.

Surface water samples were collected in accordance with
the protocols presented in Appendix H of the CSA Work Plan.
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4.15.3 Sediment Sampling

Similar to surface water sampling, two rounds of
sediment samples were initially collected by CRA personnel from locations
along the surface drainage ditches. These locations provided samples from
upstream, adjacent, on and downstream of the Facility from the West, South
and East Ditches. Sediment samples were collected concurrent with surface
water samples. Tables 4.14 and 4.15 summarize the sediment samples
collected during each round, respectively. Plan 7, enclosed, shows all

sediment sample locations.

A stainless steel spoon was used to reach the base of the
ditch sediments. A composite sample was collected from each distinct layer of
sediment encountered at each sampling location and analyzed for the same
parameters as the groundwater samples (SSPL compounds). Selected samples
were also analyzed for hexavalent chromium. |

Sediment sampling was conducted according to the
protocols presented in Appendix H of the CSA Work Plan.

4.15.4 Subsurface Soil Sampling

4.15.4.1 Subsurface Soil Sampling - Physical Characteristics

During borehole drilling for the new monitoring wells,
continuous split spoon overburden samples were collected to the completed
depth. Where a shallow well was installed in association with a deep well,
split spoon sampling was only undertaken at the deep well location. All soil
samples were described and classified according to the Unified Soil
Classification System (USCS). All soil samples were retained for geologic
record and are currently stored at the Facility.
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4.15.4.2 Subsurface Soil Sampling - Chemical Characteristics

In order to characterize the soils of known and potential
source areas (i.e. SWMUEs), a total of 40 investigative boreholes were
completed at the Facility, by Soil Exploration, under the supervision of CRA
personnel, in June 1991 and February 1992.

The boreholes were completed to the top of the water table
using hollow-stem augers (4 14-inch inside diameter, nominal 8-inch outside
diameter). After completion each borehole was backfilled to ground surface

with cement/bentonite grout.

In 36 of the boreholes, continuous split spoon soil samples
were collected during augering from ground surface to the top of the water
table (approximately 10 feet deep). A minimum of one discrete soil sample
for chemical analyses was selected from each borehole location. Samples
were selected based on field screening with an HNu immediately upon
opening of the split spoon, visible evidence of contamination, and grain size
of recovered materials. One soil sample from each borehole was analyzed by
the laboratory for the full list of TCL/TAL compounds plus
2,4,4-trimethyl-1-pentene, 2,4,4-trimethyl-2-pentene, ammonia, chloride and
sulphate.

Three boreholes in the former black area east of Plant D
(BH23, BH24, BH25) and one borehole in the area of the former Wytox
Loading Area spill (BH11) were completed to obtain samples for analysis of
the two areas. Historically, both areas were excavated and backfilled with
clean fill. Continuous split spoon soil samples for geologic record were

-collected from ground surface to the base of the clean fill. Immediately below

the clean fill soil samples for chemical analyses were collected. The soil
samples from each of the boreholes were analyzed by the laboratory for the
full list of TCL/TAL compounds plus 2,4,4-trimethyl-1-pentene,
2,4,4-trimethyl-2-pentene, ammonia, chloride and sulphate.
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One background subsurface soil sample was collected
during the installation of monitoring well GW-67D, located approximately
1,400 feet west of the Facility.

Table 4.16 summarizes the subsurface soil samples
collected for analysis. Plan 8, enclosed, shows the location of all the
investigative soil borings completed as part of the CSA activities.
Stratigraphic logs for the boreholes are provided in Appendix L.

All remaining soil cuttings at borehole locations were
collected, placed in 55-gallon drums and transferred to a drum staging area at
the Facility. Subsequent to receiving the subsurface soil analyses, the
drummed soils were characterized by Olin and disposed of off Site at a facility
meeting State and Federal regulations.

4.15.5 Surface Soil Sampling

A surface soil sampling program was conducted by CRA
personnel in July 1991, over the area of the Facility on an approximate
200-foot grid. In addition, four composite surface soil samples were collected
from areas of suspected surficial contamination, one composite surface soil
sample was collected for chromium speciation and one background surface
soil sample was collected during the installation of monitoring well GW-67D.
Soil samples were collected at all locations from zero to six inches below the
ground surface. All samples were collected in accordance with the protocols
presented in Appendix H of the CSA Work Plan. Table 4.17 summarizes the
surface soil samples collected and Figure 4.2 shows the locations of all surface
soil sample locations.

As shown on Figure 4.2, the Facility was divided into ten

areas for the purpose of compositing grid samples. Samples collected from
within each area were composited in the laboratory and analyzed for the full
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TCL/TAL parameters plus 2,4,4-trimethyl-1-pentene,
2,4 4-trimethyl-2-pentene, ammonia, chloride and sulphate.

Three hand-auger soil samples were collected from the
soil at the base of the black oily area on the south ditch bank (SWMU No. 30).
The samples were composited in the laboratory and analyzed for the above

list of parameters.

Three hand-auger soil samples were collected from the
black area near.the West Ditch (SWMU No. 27). The samples were
composited in the laboratory and analyzed for the above list of parameters.

Three hand-auger samples were also collected from the
area near monitoring well nest GW-55. This area were not identified in the
CSA Work Plan however, at time of sampling, it exhibited signs of stressed
vegetation. The samples (designated as SWMU No. 33) were composited in
the laboratory and analyzed for the above list of parameters.

Four surface soil samples were also collected from the fuel
oil spill area (SWMU No. 25). The samples were composited in the field and
analyzed for the above list of parameters.

One background surface soil sample was collected during
the installation of monitoring well GW-67D, located approximately 1,400 feet
west of the Facility. The background sample was analyzed for TCL
Polynuclear Aromatic Hydrocarbons (PAHs) and TAL parameters.

4.15.6 Air Sampling

As discussed in Section 5.2, the Facility is completely
covered by either building, asphalt or good vegetative cover in all areas.
Thus, the potential for particulate emissions at the Facility is extremely low.
As discussed in Section 6.3, no volatile organic compounds (VOCs) were
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detected in the surface soil samples and only low levels of VOCs were
detected in subsurface soil samples. Thus, the potential for vapor emissions
at the Facility is extremely low. Therefore, based on existing Facility
conditions and on the analytical results for the surface and subsurface soil

samples, air sampling and analysis was determined not to be required.

4.15.7 Private Well Sampling

4.15.7.1 Cook Avenue/Border Avenue Wells

In October 1990, ABB personnel, on behalf of Olin,
sampled a total of nine private wells at residences located along Cook Avenue
and Border Avenue, to the west southwest of the Facility. The wells were
sampled in order to confirm that the wells had not been impacted by any
Facility-related contaminants. The nine wells sampled are summarized in
Table 3.2 and are located on Figure 3.3. All wells, with the exception of one
well on Border Avenue, are completed in the bedrock.

The samples were collected by ABB in accordance with the
protocols presented in Appendix E of the CSA Work Plan.

All samples were analyzed for the specified parameters
and in accordance with the protocols required under Massachusetts Drinking
Water Regulations 310 CRM 22.00. A copy of analytical reports are provided
in Appendix E of the CSA Work Plan.

A review of the analytical reports presented in
Appendix E of the CSA Work Plan indicates that the private well water
samples from the Cook and Border Avenue residences were below all
acceptable Massachusetts Drinking Water Regulations and were not impacted
by any Facility-related contaminants. A summary of parameters included in
the Massachusetts Drinking Water Regulations is provided in Appendix E of
the CSA Work Plan.
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4.15.7.2 Main Street Wells

In September 1991, Olin sampled a total of five private
wells at residences located to the west of the Facility along Main Street. The
wells were sampled in order to determine if the wells had been impacted by
any Facility-related contaminants. The five wells sampled are summarized in
Table 3.2 and are located on Figure 3.3. As shown in Table 3.2, the five wells -
are all completed in the shallow overburden.

The samples were collected by Olin in accordance with the
protocols presented in Appendix ]J.

All samples were analyzed for the specified parameters
and in accordance with the protocols required under Massachusetts Drinking
Water Regulations 310 CRM 22.00. A copy of the analytical reports are
provided in Appendix J.

A review of the analytical reports presented in Appendix ]
indicates that the private well water samples from the Main Street residences
were below all acceptable Massachusetts Drinking Water Regulations, except
for pH at one well location, and were not impacted by any Facility-related
contaminants.

Notwithstanding this, during private well sampling along

Main Street, it was determined by Olin that all residences with private wells
either used bottled water or pretreated the water prior to drinking it.

4.15.8 Town Well Sampling

On September 3, 1992, CRA and Coast-to-Coast Analytical
Services, Inc. (formerly ABB) personnel collected samples from the Town of
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Wilmington wells located to the west of the Facility. Groundwater samples

were collected from the following five locations:

e Town Park Well;

e Butters Row Well #2 (in chamber);

e Butters Row Treatment Plant (after treatment);
* Chestnut Street Well #1 (in building); and

e Chestnut Street Well #1A (in chamber).

All samples were collected diréctly from sample ports.

A sample was later collected at Butters Row Well #1
A
(inside building) on September 10, 1993 when a broken shaft that had caused
the well to be shut down during sampling of the above referenced wells was

replaced.

All groundwater samples were submitted to the laboratory
for analyses of the full TCL/TAL parameters plus hexavalent chromium,
ammonia, NH3, NO3, TKN, cyanide, EDB, DBCP, chloride, sulphate, F, NO»,
TDS and pH. Field duplicate samples were collected at the Butters Row Well
#2 and at the Chestnut Street #1 Well. Table 4.18 presents a summary of
detected parameters in the Town of Wilmington well samples.

The organic substances detected before and after treatment
were below the maximum concentration standards for drinking water
established by the Federal Government.

The inorganic substances detected before treatment meet
maximum concentration standards for drinking water established by the
Federal Government except for iron, manganese and sodium. After
treatment, the only exception was sodium which was above the State of
Massachusetts standard.
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5.0  SITE CONDITIONS

51  GENERAL

This section provides a detailed overview of the Site
conditions based on CSA field activities as well as previous investigations
completed prior to the CSA. This overview includes a discussion of:

topography;

geology;

groundwater hydrology;
surface water hydrology; and

AR A

buried materials.

For purposes of clarification, "Site" refers to the Facility
grounds and surrounding region studied as part of the CSA, and "Facility"
refers to that portion of the Site which lies within the property boundary.

52  SITE TOPOGRAPHY

The Facility is generally flat, sloping gently from north
and south toward the center of the Facility. A low ridge runs along the south
edge of the Facility, part of which is incorporated within the Sulphate
Landfill. Trending in an east west direction through the center of the Facility,
is a low lying area which is dissected by surface water drainage ditches. A
small man made pond (approximately 1/2 acre in size) lies in the east central
portion of the Facility. Shallow ditches run along the east and northwest
sides of the Facility.

The northern 1/4 of the Facility is generally building or
pavement covered. Between this area and the central low lying area is a grass
covered area where the former lined lagoons had been previously located. A
detailed discussion of Facility's vegetative cover, hydrology, soils and wildlife
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use is presented in Appendix H in the report entitled "Site Habitat
Characterization, Olin Chemical Facility, 51 Eames Street, Wilmington,

Massachusetts, March 1993" prepared by Wetlands Preservation, Inc.

The area to the immediate west of the Facility is generally
flat between the Site and Highway 38 (Main Street). Land use in this area is
commercial and industrial with pavement and building development
covering a large portion of the area. West of Highway 38, the land slopes
gradually towards the west into a large wetland complex. Maple Meadow
Brook, a tributary of the Ipswich River, begins in and flows north across this
wetland.

The area east and south of the Facility is generally flat
with the exception of the former Woburn Town Dump, which is located
immediately south of the Facility.

53  SITE GEOLOGY
5.3.1 General

Several previous studies have described Facility geologic
conditions much of which is supported by CSA activities. The geologic units
identified during the CSA include in descending order of age:

glacial outwash;
glacdial ice contact deposits;
glacial till; and

Ll S

bedrock (fine grained sedimentary gneiss).

Each geologic unit is described in the following subsection
and includes a description of each unit's depositional history and geometric
relationships. Geologic cross-sections A-A’ through F-F, presented on
Figures 5.1 through 5.6, illustrate the stratigraphy of the Facility. Plan 9,
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enclosed, illustrates the geologic cross-section locations. The Fadlity
stratigraphy is consistent with the regional geology as discussed in Section 3.2
and is further described below.

53.2 Qutwash

Glacial outwash was observed as the uppermost geologic
unit over much of the eastern portion of the Facility and was also observed -
on the far western portion of the Facility. This unit is a stratified, fine to
medium grained, moderately sorted, sand deposit containing scattered lenses
of coarse sand and gravel. Unit thickness ranges from a few feet in well
GW-47 to as much as 40 feet in well GW-48D along the east side of the
Facility.

5.3.3 Ice Contact Deposits

Ice contact deposits occur as the upper most unit on the
western side of the Facility and extend to the west into the large wetland
underlying Maple Meadow Brook. This unit is a crudely stratified, poor to
moderately sorted sand and gravel deposit. Boulders are common in the
upper ten feet of the unit. Coarse sand and fine to medium gravel dominate
the unit. Thickness of the ice contact deposits varies from a few feet on the
Facility in well GW-54D to 70 feet in well GW-62D off the western side of the
Facility near the Maple Meadow Brook wetland. '

5.3.4 Glacial Till

Glacial till was encountered in boreholes mostly to the
west of the Facility and was characteristically dense. The till consists of poorly
sorted sand through boulder sized material with a minor component of silt
and clay. The till was difficult to distinguish from the ice contact deposits
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because of the similar lack of sorting. The till was absent or only a few feet

thick over most of the Site.

5.3.5 Bedrock

A fine-grained gneiss bedrock is also found at the surface
and underlying the Site. Bedrock outcrops occur to the southwest of the
Facility in the vicinity of Cook Avenue; on the southern portion of the
Facility, near the Sulphate Landfill; southwest of monitoring well nest
GW-19; south of monitoring well nest GW-51; and to the northwest of the
Facility, in the vicinity of Janis Research. A general bedrock high trends
across the Facility from southwest to northeast.

Based on outcrop and drill core observations, the gneiss is

moderately to weakly fractured/jointed in its extreme upper portions.

Joint and fracture orientation measurements were
acquired from several bedrock outcrop localities at the Site. Table 5.1 presents
these measurements. These data show a strong consistency in joint/fracture
orientation trending in a north-northeast direction. Joint/fracture planes also
show a consistency in dip angle to the north varying from approximately 40
to nearly 90 degrees. Jointing and fracturing directional strikes tended to be
consistent with the strike of relict bedding observed in the gneiss. Joint and
fracture frequency diminishes with depth from the bedrock surface as few
open fractures and or joints were observed in drill core beyond 10 feet below
the top of the bedrock surface (see Appendix E for stratigraphic logs).

The bedrock surface topography was contoured using
drilling and seismic geophysical data. Plan 10, enclosed, illustrates the
topography of the bedrock surface. Three bedrock valleys were identified
during the CSA investigation: the West Bedrock Valley, the East Bedrock
Valley, and the Southwest Bedrock Valley. A description of each of these
valleys is presented below and each valley is identified on Plan 10, enclosed.
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West Bedrock Valley

The West Bedrock Valley begins just under the central
portion of the Facility, and extends to the west northwest. At the Facility
boundary, the valley lies at an elevation approximately 40 feet AMSL. The
valley widens as it leaves the Facility boundary and eventually connects with
a large bedrock valley which extends beneath the Maple Meadow Brook
wetland. This valley in turn connects into the regionally extensive Ipswich
River bedrock valley. The valley bottom slopes to the west and flattens out in
the area just to the west of Highway 38 (Main Street). The approximate
elevation of the valley at this location is 20 feet AMSL. Based on monitoring
well installations, the lowest elevation of bedrock encountered was at an
elevation of -13 feet AMSL at monitoring well location GW-65D.

East Bedrock Valley

The East Bedrock Valley begins in the central area of the
Facility, and extends off Site to the east and south. It appears that the West
and East Bedrock Valleys are connected by a high point located near the center
of the Facility beneath the area of the unlined pits and Lake Poly. The East
Bedrock Valley exits the Facility with a bedrock surface elevation of 40 feet
AMSL.

Two former studies which characterize geologic
conditions to the east and south of the Facility indicate that this bedrock
valley turns to the south just east of the Facility, and joins in with the
regionally extensive Aberjona River bedrock valley (Ecology and
Environment 1980, Roux and Associates 1983).

Southwest Bedrock Valley

A third bedrock valley was characterized to the immediate
southwest of the Wilmington Facility which begins just to the west of the
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Sulph'ate Landfill and trends in a south to southwest direction. Well
GW-40D, situated immediately southwest of the Sulphate Landfill, is located
in the center of the Southwest Bedrock Valley. The bedrock at this location
exhibits an elevation of 47 feet AMSL. Further to the southwest, at well
GW-75D, the bedrock exhibits an elevation of 40.4 feet AMSL. Work
completed by Ecology and Environment 1980, indicates that this valley
extends to the south and joins the Aberjona River bedrock valley system.

5.3.6 Geologic Summary

Prior to the deposition of the glacial deposits, the bedrock
surface was eroded into its current configuration by pre-glacial fluvial
processes and also later by the glacial ice. The glacial till unit was the first
unconsolidated unit deposited while the ice covered the landscape. The till
was typically thin over most of the area and later was eroded and modified by

glacial meltwater as the glacier margin retreated.

During glacial retreat, large volumes of meltwater and
sediment were generated at the ice margin resulting in the deposition of a
thick wedge of ice contact deposits. These deposits filled in many of the low
depressions and bedrock valleys. As the ice margin further retreated
meltwater streams deposited finer grained outwash on top of and
interfingered with the ice contact deposits. The outwash further filled in low
areas which were not completely filled by the ice contact deposits.

54  SITE HYDROGEOLOGY

54.1 General

The following subsections discuss the Site hydrogeologic
conditions including a discussion of the hydrostratigraphic units
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(Section 5.4.2), groundwater flow (Section 5.4.3) and an overview
(Section 5.4.4).

5.4.2 Hydrostratigraphic Units

54.2.1 Glacial Deposits

The glacial ice contact deposits and outwash function as
the single, principal hydrostratigraphic unit in the Site area. These sand and
gravel deposits extend in all directions from the Facility and are connected
into the region's major aquifer systems. The uppermost fractured portion of
the bedrock surface beneath the Site is considered a part of this flow system.
Below the upper fractured bedrock minor groundwater is transmitted along

small fractures and joints.

The geometry of the sand and gravel aquifer is controlled
by the configuration of the underlying bedrock topography. The aquifer is
thin or absent where bedrock is at or near the surface, and is thickest in the
bedrock valleys which dissect the Site area.

Beneath the Facility the sand and gravel aquifer is thickest
in the east and west bedrock valleys and thins to the north and south.
Outwash predominates as the major unit on the eastern portion of the
Facility, and correspondingly, hydraulic conductivities tend to be relatively
lower. In the East Bedrock Valley, ice contact deposits lie at depth below the
outwash unit. On the western side of the Facility and to the west of the
Facility into the Maple Meadow Brook wetland, ice contact deposits dominate
the sand and gravel aquifer and correspondingly, hydraulic conductivities
tend to be higher. The aquifer in this area becomes appreciably larger in
volume in the region of the West Bedrock Valley. Drilling conducted on the
west and north sides of the Maple Meadow Brook wetland indicate that
outwash overlays and interfingers with the ice contact deposits.
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Hydraulic conductivities values for the sand and gravel
aquifer were calculated from CSA hydraulic testing and also were obtained
from two references which characterized regional area groundwater
conditions (JEP 1990 and USGS 1694). The CSA data are presented in Table 4.5
and the regional reference are discussed in Section 3.3.1. In general, hydraulic
conductivities calculated for the glacial fluvial deposits fall in a range of
1x102 cm/sec to 1x 1074 cm/sec.

5.4.2.2 Bedrock

Four bedrock monitoring wells were installed as part of
the CSA field activities. Bedrock core was obtained and examined during well
construction to assess type and frequency of joints and fractures in the rock.

In general, joint and fracture frequency diminishes considerably beyond

ten feet of the bedrock surface. When pumped at low rates (1 to 3 gpm) all
four bedrock monitoring wells drew down to a point of becoming nearly dry.
Based on results of hydraulic conductivity testing, the hydraulic conductivity
of the bedrock is estimated to be very low. Temperature logging conducted on
bedrock wells indicated no apparent significant zones of groundwater
contribution from fractures in the bedrock.

Since joint and fracture frequency diminishes at depth,
and wells yielded low volumes of water, bedrock is not considered a
significant source for groundwater in the region. Sufficient water, however,
may be obtained for domestic purposes if wells cross cut enough joints and
fractures (i.e. are drilled extremely deep). Because groundwater is available
over a widespread part of the area from the sand and gravel aquifer, few wells
tap the bedrock water. Bedrock supply wells are found only in places where
both municipal water is not available, and the sand and gravel aquifer is thin
or absent (e.g. Cook Avenue residences).
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54.3 Groundwater Flow System

54.3.1 General

The CSA study area encompasses portions of two
hydrologic basins with the divide located west and north of the Facility. The
divide was characterized and supported by data obtained during the CSA and
has also been identified and characterized in other regional studies (IEP 1990
and USGS 1694) and is illustrated as both a surface water and groundwater
divide or hydraulic boundary. Plans 11 through 14, enclosed, present the
groundwater elevations from two water level monitoring events, as
measured in the monitoring wells assuming insignificant variation in the
density of water in the wells. Also presented are the contours for shallow and
deep groundwater from the two water level monitoring events and the
location of the hydraulic boundary. In the area of the groundwater divide,
horizontal hydraulic gradients are very low, with little difference in hydraulic
head apparent. This is reflective of the relatively high hydraulic
conductivities associated with coarse grained ice contact deposits and may be
influenced by the groundwater withdrawal of Altron.

Because the gradients are so low, the exact position for the
groundwater divide cannot be discerned, however, a zone which represents
the region of the divide has been illustrated on the groundwater elevation
plans (Plans 11 through 14). For the purposes of this report, the groundwater
flow system (i.e. flow directions and flow rates) will be broken down into two
areas:

* the area occupying the majority of the Facility and that area west of the
Facility but east of the hydraulic boundary which is located within the
Aberjona River hydrologic basin; and

* the area west of the hydraulic boundary which is located within the
Ipswich River hydrologic basin.
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5.4.3.2 East of Hydraulic Boundary

Groundwater Flow Patterns

In the area east of the hydraulic boundary, the general
groundwater flow direction is from northwest to southeast across the main
part of the Facility. In all water level monitoring events, a zone of radial flow
centers on the north end of the Facility. This zone appears to indicate that a
certain amount of aquifer recharge is occurring in this area. However, it
should be noted that the aquifer is relatively thin in this area, and appears,
based on the steepness of the horizontal hydraulic gradients, to be a zone of

lower hydraulic conductivity.

On the northeast side of the Facility, groundwater is
currently being pumped by Olin as discussed in Section 2.2. The pumping in
this area influences the groundwater flow as seen by the steep gradients along

the east side of the Facility.

Towards the center of the Facility, groundwater flows in
general towards the south ditch, and on the west contours wrap around the
ditch showing groundwater flow towards and discharging into the ditch.
Visible groundwater discharge has been observed in the south ditch on the
west side of the Facility over the entire 1 1/2-year course of the CSA

investigation.

Groundwater contours in the vicinity of the NPDES
discharge into the west ditch, show that a small amount of "mounding” may
be influencing groundwater flow in this area.

Along the east side of the Facility groundwater flows
towards the east ditch with a certain amount of discharge occurring based on
observations of seeps by former Site investigators. Flow in the ditch also
increases, generally, from north to south along the Facility boundary.
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To the southwest of the Facility, a small groundwater
divide is present. Here, groundwater flows from the extreme southwest
portion of the Facility to the south.

West of the Facility boundary and towards the hydraulic
boundary, the groundwater flows in a southeasterly direction towards the
Facility and the south ditch. In this area, horizontal gradients are extremely
flat reflecting the relatively high hydraulic conductivity associated with the
coarse ice contact deposits which dominate the aquifer in this area.

Horizontal Hydraulic Gradients

The horizontal hydraulic gradients for the shallow and
deep groundwater flow contours are essentially the same. Therefore, the
horizontal hydraulic gradients discussed herein apply to flow across the entire
aquifer.

At the northern end of the Facility, the horizontal
hydraulic gradient is approximately 0.013 feet per feet and on the west side of
the Facility is approximately 0.003 feet per feet. Extremely flat horizontal
gradients (0.0003 feet per feet) were measured in the area between the
hydraulic boundary and the Facility. In the center of the Facility, the
horizontal hydraulic gradient on the east side is approximately 0.01 feet
per feet. The steeper gradient on the east side of the divide is attributed to the
pumping at Plant B and to lower hydraulic conductivity in this area.

Groundwater Flow Velocity

An estimate of the groundwater velocity in the glacial
fluvial aquifer may be determined using the modified Darcy's Equation:

V =ki/n
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where:

V = horizontal groundwater velocity
k = horizontal hydraulic conductivity
i = horizontal hydraulic gradient

n = effective porosity

As presented in Section 4.9, the horizontal hydraulic
conductivity for the monitored intervals ranged from 7.7 x 102 to
9.7 x 10-4 cm/sec with a geometric mean of 7.9 x 10-3 cm/sec. An effective
porosity of 0.25 may be assumed to be representative of the glacial fluvial
deposits. Using the horizontal hydraulic conductivity geometric mean and a
porosity of 0.25, the horizontal groundwater velocity was calculated to range
from approximately 100 feet to 325 feet per year on the Facility. In the area
west of the Facility where the horizontal gradients are low (0.0003 feet per
feet), the groundwater flow velocity was calculated at 10 feet per year. The
calculated flow velocities are estimates and may vary by an order of

magnitude.

54.3.3 West of Hydraulic Boundary

Groundwater Flow Patterns

West of the hydraulic boundary, groundwater flow is
directed to the west into the main portion of the regional aquifer. The Town
of Wilmington pumping stations at Chestnut Street, Butters Row and the
Town Park, function as discharge points for a portion of the groundwater in
this area.

Maple Meadow Brook functions to some extent as a

groundwater discharge point for at least a portion of the groundwater in the
basin based on the observed baseflow emanating from the wetland. The
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recharge area for this system is largely occupied by the wetland itself which
dominates this portion of the basin.

Horizontal Hydraulic Gradients

Horizontal hydraulic gradients were calculated west of the
hydraulic boundary and ranged from 0.013 to 0.0003 feet per feet. The flat
gradients were observed where the coarse ice contact deposits form the major

hydrostratigraphic unit.
Groundwater Flow Velocity

Again, using the modified Darcy's Equation (see
Section 5.4.3.2) an estimate of the groundwater velocity can be made. Using
the horizontal hydraulic conductivity geometric mean and porosity values
discussed in Section 5.4.3.2 and the horizontal gradients discussed above, the
groundwater flow velocity west of the divide was calculated to range from 10
to 425 feet per year. These velocities are estimates and may vary by an order

of magnitude.

55  SITE SURFACE WATER HYDROLOGY

5.5.1 General

The Facility contains a network of ditches which bound
and run through the center of the Facility. These ditches have been labeled
based on their location at the Facility and are described below. Plan 7,
enclosed, shows the locations of these ditches.
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5.5.2 Waest Ditch

The West Ditch begins along the northwest side of the
Facility and drains to the south. The West Ditch functions as the point of
discharge for Olin's NPDES outfall and enters the South Ditch on the west
center side of the Facility. A second branch of the West Ditch begins in a
network of collection trenches just west of the Facility boundary, parallels
then joins the West Ditch just east of the Facility boundary. Base flow in the
West Ditch appears to be minor.

5.5.3 South Ditch

The South Ditch begins at the Facility boundary along the
west side. The South Ditch bisects the Facility, flows east across the center of
the Facility and discharges off of the Facility into the East Ditch. A branch of
the South Ditch parallels and then joins the South Ditch at the eastern
Facility boundary. A constant base flow (groundwater discharge) is observed
in the South Ditch network. Seeps are observed along the western portion of
the ditch network. The branch of the South Ditch which enters from the
south contains no base flow and functions principally as a surface water
runoff feature.

5.5.4 East Ditch

The East Ditch begins to the north of the Facility, and
flows south along the entire east side of the Facility paralleling the Boston
and Maine Rail Line. Rainfall runs off the Facility by sheetflow runoff into
surrounding wetlands which eventually empty into the East Ditch. South of
the Fadility, the East Ditch enters and exits a series of culverts eventually
flowing into Halls Brook, a tributary of the Aberjona River.
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A constant baseflow (groundwater discharge) was
observed in the East Ditch over the 1 1/2-year period in which the CSA was
conducted. The East Ditch also receives surface water runoff for a significant

portion of the surrounding area.

5.6 SUMMARY OF BURIED WASTES
5.6.1 General

Twenty-nine test pit excavations in a total of 13 areas were
conducted at the Facility to investigate magnetic anomalies identified on the
Facility, as discussed in Section 4.4. Nine test pit excavations in a total of
three areas were also conducted in the area of the warehouses at the Facility to
investigate the potential for buried waste in this area, as discussed in
Section 4.6. Waste was not encountered in ten of the 13 test pit areas
excavated across the Facility and was not encountered in any of the three test
pit areas excavated beneath the warehouses at the Facility. In some of the test
pit areas, miscellaneous non-hazardous metal objects (i.e. fence posts) were
excavated over identified magnetic anomalies. In other areas where magnetic
anomalies were detected, shallow bedrock or large buried boulders were
encountered. Magnetic minerals in the rock may have caused the magnetic

anomalies at these locations.

Drummed waste, miscellaneous waste, and contaminated
soil were encountered in three of the test pits at the locations shown on
Plan 5, enclosed. The area where test pits 6, 7 and 8 were excavated, contained
the most abundant buried drums. The area where test pit areas 18, 19 and 20
were excavated, contained a few miscellaneous drum parts, and contaminated
soil. The area where test pit 21 was excavated, contained a mixture of
scattered buried drums and miscellaneous debris. The following presents a
brief description of areas where buried drums, drum parts and contaminated
soil were encountered.
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5.6.2 Encountered Waste Description
Test Pits 6, 7, 8

Drums were encountered throughout most of the area
encompassing test pits 6, 7 and 8. Drums were observed up to three deep in a
. portion of the area. Almost all drums were deteriorated and were of very
poor integrity. The drums contained miscellaneous compounds tentatively -
identified by the former Facility manager as Opex, Kempore and phenolic
resins. In addition, a blue solid substance and a gray greasy viscous substance
were also observed. Other miscellaneous wastes such as hard phenolic resins,
jars of unknown compounds, unidentified loose compounds and tentatively

Opex and Kempore were also encountered in these test pits.
Test Pits 18, 19, 20

A few crushed drums and drum parts were encountered
in this area. Miscellaneous rubbish was also encountered. Soil
contamination was visually evident and also indicated by an OVA. The odor
was tentatively identified by former Facility personnel as diphenylamine or
"Plant B odor". Most wastes encountered, however, were identified as
rubbish.

Test Pit 21

Test pit 21 was excavated in an area not identified by a
magnetic anomaly. Based on information provided by the former Facility
manager, it was determined that waste may be buried in that area. Excavation
of test pit 21 confirmed that buried drums, laboratory bottles and
‘miscellaneous wastes identified as a blue substance, a gray viscous substance,
rubbish and tentatively Opex and Kempore were buried in that area.

Scattered drums which were encountered were very deteriorated and/or
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crushed. Drums contained a blue substance, a gray substance, phenolic resins,

and tentatively Kempore.

5.6.3 Summary

Buried wastes were encountered in three of the 22 areas
that were identified to potentially contain buried wastes. These areas are
identified on Plan 5, enclosed. Test pit areas 6, 7 and 8 contained extensive
buried drums and miscellaneous wastes. Test pits 18, 19, 20 contained little
drum waste but did contain contaminated soil and rubbish. Test pit area 21

contained scattered buried drums and miscellaneous wastes.
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6.0

I ARA RIZATION

Extensive sampling of surface and subsurface soils,
groundwater, surface water and sediments was conducted during the CSA
Phase II field activities. The objective of the CSA Phase II investigation was to
characterize the type and quantity of oil or hazardous materials released at or
from the Facility in order to characterize and evaluate the risk of harm, if any, |
that the Facility poses to health, safety, public welfare and the environment.
This section, therefore, provides a discussion of the results of the CSA
Phase II sampling program and a characterization of the materials released at
or from the Facility. This section also discusses the aspects of surface water
and groundwater hydrology affecting the distribution and transport of the
Facility-related compounds. As discussed in Section 1.0, ABB has prepared
the CSA Phase Il Risk Assessment Report which characterizes and evaluates
the risk of harm, if any, that the Facility poses to health, safety, public welfare
and the environment. The CSA Phase Il Risk Assessment Report combined
with this CSA Phase II Field Investigation Report provide the basis to develop
remedial response alternatives, as required under 310 CRM 40.546.

6.1 CSA DATA BASE

The CSA Phase Il field investigation data base consists of
physical information described and documented in Sections 2.0 through 5.0
and the analytical results of samples collected from the various media.

The samples collected during the CSA Phase II field
investigation activities are discussed in Section 4.15 and Table 4.1 provides a
chronological summary of the dates when samples were collected. All
samples collected for chemical analyses were analyz. # _y Corst-to-Coast
Analytical Services, Inc., (formerly ABB) of Westbrook, Maine certified by
Massachusetts D.E.P. ID number ME019 and meeting the Minimum
Standards for Analytical Data for Remedial Response Actions under
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MGLc.21.E, Policy #WSC-300-89. These samples include, but are not limited

to:

i) eight test pit soil/drum samples analyzed for Target Compound List
(TCL) Volatile Organic Compounds (VOCs), TCL Semi-Volatile Organic
Compounds (SVOCs), TCL Pesticides/PCBs, Target Analyte List (TAL)
parameters, 2,4,4-Trimethyl-1-Pentene (244TM1P),
2,4,4-Trimethyl-2-Pentene (244TM2P), ammonia, chloride and sulphate
(see Table 4.2);

ii)  ten composite surface soil samples analyzed for TCL VOCs, TCL
SVOCs, TCL Pesticides/PCBs, TAL parameters, 244TM1P, 244TM2P,
ammonia, chloride and sulphate (see Table 4.17);

iili)  one composite surface soil sample analyzed for total chromium and

hexavalent chromium;

iv)  four composite hand auger shallow subsurface soil samples (upper two
feet) analyzed for TCL VOCs, TCL SVOCs, TCL Pesticides/PCBs, TAL
parameters, 244TM1P, 244TM2P, ammonia, chloride and sulphate (see
Table 4.17);

v) 40 subsurface soil samples analyzed for TCL VOCs, TCL SVOCs, TCL
Pesticides/PCBs, TAL parameters, 244TM1P, 244TM2P, ammonia,
chloride and sulphate (see Table 4.16);

vi)  one background surface soil sample and one background subsurface
soil sample from the same borehole location (BH-41) analyzed for TCL

Polynuclear Aromatic Hydrocarbons (PAHs) and TAL parameters;

vii) 62 groundwater samples analyzed for indicator parameters ammonia,
chromium, chloride and sulphate (see Table 4.8);
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viii) 11 groundwater samples analyzed for TCL VOCs, TCL SVOCs, TCL
Pesticides/PCBs, TAL parameters, 244TM1P, 244 TM2P, ammonia,
chloride and sulphate plus an additional groundwater sample from
one location for PCB analyses (see Table 4.9);

ix)  two rounds of groundwater samples analyzed for TCL VOCs, TCL
SVQOCs, TCL Pesticides, TAL parameters, 244TM1P, 244TM2P,
ammonia, chloride and sulphate (first round consisted of 114 samples
and second round consisted of 136 samples including QA/QC
requirements), during the first round, 19 samples for specific gravity
analyses and 11 samples for hexavalent chromium, and during the
second round, 18 samples for specific gravity analyses and 11 samples
for hexavalent chromium were also collected (see Tables 4.10 and 4.11);

x) two rounds of surface water samples analyzed for TCL VOCs, TCL
SVOCs, TCL Pesticides, TAL parameters, 244TM1P, 244TM2P,
ammonia, chloride and sulphate (first round consisted of 22 samples
and second round consisted of 36 samples including QA/QC
requirements), during the first round 2 samples for hexavalent
chromium analysis and during the second round 6 samples for
hexavalent chromium analysis were also collected (see Tables 4.12 and
4.13); and

xi).  two rounds of sediment samples analyzed for TCL VOCs, TCL SVOCs,
TCL Pesticides, TAL parameters, 244TM1P, 244TM2P, ammonia,
chloride and sulphate (first round consisted of 25 samples and second
round consisted of 35 samples including QA/QC requirements), during
the first round, 2 samples for hexavalent chromium analysis and
during the second round 8 samples for hexavalent chromium analyses
were also collected (se~ T~ "_les 4.14 and 4.15).

Analyses of the foregoing samples were performed by
Coast-to-Coast using the following methods:
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Matrix Parameter Analytical Method
Method (1) Reference
Groundwater TCL-VOCs 8240 1
Surface Water/ TCL-BNAs 8270 1
Soil /Sediment/ TCL-Pesticides /PCBs 8080 1
Drummed Waste TAL-Metals 6010/7000 scries 1
Cyanide 5010 1
General Chemistry
Parameters
Sulphate 9038 1
Chloride 9250/9251 1
Ammonia 350.2 (modified) 2

References:

(1) Test Methods for Evaluating Solid Waste, USEPA SW-846, 3rd Edition, November 1986.
(2) "Methods for Chemical Analysis of Water and Wastes”, EPA-600/04-79-020, Revised,
March 1983.

Complete analytical data summaries are presented in
Appendix L. Appendix L presents summary tables of detected parameters in
each media, summary tables of frequency of detections, maximum and
minimum detected concentrations and average detected concentrations, and
complete summary tables (including detected and non-detected parameters)
for each media.

The laboratory reports were assessed and validated by
CRA's quality assurance/quality control (QA/QC) officer based upon a review
of standard quality control criteria established by the QAPP (Appendix F of
CSA Work Plan). The data assessment and validation reports for all CSA
Phase II Field Investigation activities data are presented in Appendix M.

On the basis of the formal data validation identified in the
foregoing discussion, all data presented on the tables have been qualified as
appropriate.
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6.2 CSA DATA PRESENTATION

As discussed above, Appendix L presents complete
summary tables for analytical data generated during the course of the CSA
Phase II Field Investigation. Based upon a review of the analytical data and
due to the size of the data base it was decided that for each media (i.e. surface
soil, subsurface soil, groundwater, surface water and sediment) the following
data would be presented on plans for each media:

¢ Total Halogenated Volatile Organic Compounds (HVOC);
¢ Total of 244TM1P and 244TM2P (Pentenes);

» Total Benzene, Toluene, Ethylbenzene & Xylene (BTEX);
* Total Polynuclear Aromatic Hydrocarbons (PAHs);

» Total Phthalate Isomers (PHTH);

* Total Phenolic Compounds (PHE);

¢ N-Nitrosodiphenylamine (N-NDPA);

e Ammonia;

¢ Chloride;

¢ Chromium; and

¢ Sulphate.

For surface water and sediments, aluminum is also
presented on each respective plan.

6.3 DRUM WASTE CHEMISTRY

6.3.1 General

As discussed in Section 5.6, drummed waste,
miscellaneous waste, and visibly contaminated soils were encountered in
three of the 16 test pit areas excavated at the Facility. The location of these
areas are shown on Plan 5, enclosed. The area where test pits 6, 7 and 8 were
excavated, contained the most abundant buried drums. The area where test
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pits 18, 19 and 20 were excavated, contained a few miscellaneous drum parts,
and contaminated soil. The area where test pit 21 was excavated, contained a
mixture of scattered buried drums and misceilaneous debris. Section 5.6.2
presents a more detailed description of the wastes encountered in the test pit
excavations. Section 4.4 discusses the test pit excavation protocols, which
included the collection of eight drum and/or soil samples for chemical
analyses. As summarized in Section 6.1, eight test pit soil/drum samples
were collected and analyzed for TCL VOCs, TCL SVOCs, TAL parameters, TCL
Pesticides/PCBs, 244TM1P, 244TM2P, ammonia, chloride and sulphate.

A summary of the drum and/or soil samples collected for
chemical analyses is presented in Table 4.2. A summary of the following data
is presented in Appendix L:

e Tab?7 Summary of Detected Test Pit Data;

e Tab8 Average Detected Concentrations for Test Pit Data (includes
frequency of detection); and

e Tab17 Summary of Test Pit Data.

The following subsection presents a summary of the
analytical data for the areas where buried drums, drum parts and
contaminated soils were encountered.

6.3.2 Test Pit Characterization

6.3.2.1 TestPits6,7,8

Drums were encountered throughout most of the area
enc_.7 ussing test pits 6, 7 and 8. As summarized in Table 4.2, one drum
sample was collected from test pit 6 and two drum samples plus one duplicate
sample were collected from test pit 8.
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VOCs

A review of the VOC data presented in Appendix L, Tab 7,
shows that seven volatile organic compounds (VOCs) were detected in the
four drum samples. The maximum detected concentrations were 0.88 mg/kg
for Toluene and 0.6 mg/kg for 2-Hexanone (MNBK). The other five VOCs
were all detected at concentrations of less than 0.1 mg/kg.

SVOCs

A review of the SVOC data presented in Appendix L,
Tab 7, shows that two semi-volatile organic compounds (SVOCs) were
detected in the four drum samples. Bis(2-ethylhexyl)phthalate (B2EHP) was
detected in two samples at concentrations of 16 mg/kg and 4.4 mg/kg and
N-Nitrosodiphenylamine (NNDPA) was detected in one sample at a
concentration of 21,000 mg/kg. As summarized in Table 2.1, NNDPA and
phthalate plasticizers were products produced at the Facility.

Pesticides/PCBs

No PCBs or pesticides were detected in the four drum
samples.

Inorganics

A comparison of the inorganic data presented in
Appendix L, Tab 7 to Site-specific background data (see Appendix L, Tab 20),
indicates that the following inorganic compounds in the four drum samples
exhibit concentrations above background for the Site:

Compound Max. Detected Conc. (mg/kg)
Ammonia 2,100)

Calcium 27,000

Chloride 25,000]
Chromium (total) 90
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Compound Max. Detected Conc. (mg/kg)

Iron 28,000
Potassium 16,000
Sodium 4,800

Sulphate 5,600]

A comparison of the chromium, iron and potassium concentrations to the
natural background concentration ranges of these parameters in soils for the
eastern United States (see Table 6.1) indicates that all three parameter

concentrations .are within the natural background concentration ranges.

6.3.2.2 Test Pits 18, 19, 20

Limited excavation revealed remnants of an
undetermined number of crushed drums and drum parts and miscellaneous
rubbish in the area encompassing test pits 18, 19 and 20. As summarized in
Table 4.2, one soil sample was collected from test pit 19.

VOCs

A review of the VOC data presented in Appendix L, Tab 7,
shows that four VOCs, all at concentrations less than 0.002 mg/kg were
detected in the soil sample.
SVOCs

With the exception of Phenol at a concentration of
5.3] mg/kg and N-Nitrosodipropylamine (NNDNPA) at a concentration of
1.6] mg/kg, no other SVOCs were detected in the soil sample.

Pesticides/PCBs

No PCBs or pesticides were detected in the soil sample.
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Inorganics

With the exception of Ammonia at a concentration of
490 mg/kg, no other inorganics were detected in the soil sample at
concentrations above background for the Site.

6.3.2.3 Test Pit 21

Scattered drums/drum parts, laboratory bottles and
miscellaneous wastes were encountered in the area of test pit 21. As
summarized in Table 4.2, one drum sample and one soil sample were
collected from test pit 21.

VOCs

A review of the VOC data presented in Appendix L, Tab 7,
shows that three VOCs were detected in the drum sample and one VOC was
detected in the soil sample. With the exception of Acetone at a concentration
of 0.25 mg/kg, the other VOCs were detected at concentrations less than

0.004 mg/kg.
SVOCs

In the drum sample, various SVOCs were detected
including chlorobenzenes (maximum detected was 1,4-Dichlorobenzene at
1.2 mg/kg), phenolic compounds (maximum detected was 4-Methylphenol at
8.8 mg/kg), phthalate isomers (maximum detected was B2EHP at 2.5 mg/kg)
and NNDPA at 1.5 mg/kg. In the soil sample, B2ZEHP was detected at a
concentration of 1,100f mg/kg.
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Pesticides/PCBs

With the exception of Endosulfan I at 0.036] mg/kg in the
soil sample, no other pesticides or PCBs were detected.

Inorganics

A comparison of the inorganic data presented in
Appendix L, Tab 7 to Site-specific background data (see Appendix L, Tab 20),
indicates that the following inorganic compounds in the two samples exhibit

elevated concentrations above background for the Site:

Compound Concentration (mg/kg)
Soil Drum
Ammonia 47 100
Calcium 160,000 5600
Iron - 40,0007
Sulphate 29,000 -

The concentration for iron is, however, within its natural
background concentration range in soils for the eastern United States (see
Table 6.1).

6.3.2 Test Pit Waste Summary

Based on the test pit excavation program, there are three
areas at the Facility which exhibited evidence of buried drum waste,
miscellaneous waste and visibly contaminated soils. During excavation of
these areas, a previous plant manager tentatively identified materials within
the test pits of the three areas as Opex, Kempore, Phenolic resins, and Plant B
material (diphenylamine) (previous processes at the Facility, see Table 2.1).

The analytical data collected during the test pit
excavations indicated that three organic compounds B2EHP, NNDPA and
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NNDNPA and inorganic compounds ammonia, calcium, chloride,
chromium, iron, potassium, sodium and sulphate were the major parameters

detected in the drum and/or soil samples.

The B2EHP, NNDPA and NNDNPA all exhibit high
partitioning coefficients (Koc) (see Appendix K), and will strongly adsorb to
organic material in soils. Therefore, they will have a low potential for
partitioning to the groundwater and are virtually immobile in the soils.
However, inorganic compounds ammonia, chloride and sulphate exhibit
high solubilities. Ammonia is readily soluble in water (see Appendix K), and
therefore, will have a high potential for partitioning to the groundwater.
Chlorides and sulphates, which are normal soil constituents, exist primarily
as anions in a wide range of pH. These anions are readily soluble in water
although differing complexing tendencies will depend on soil chemistry such
as pH and organic carbon content. The other inorganic compounds are
virtually immobile in soils under normal conditions (i.e. neutral pH), but
their leachability from the soil, would increase with decreasing pH
conditions. Appendix K presents a detailed discussion pertaining to the fate
and transport of the above compounds.

64  SOIL CHEMISTRY

6.4.1 General

As discussed in Sections 4.15.4 and 4.15.5, extensive
subsurface and surface soil sampling programs for chemical analysis were
conducted as part of the CSA Phase II field activities. The surface soil
sampling locations are shown on Figure 4.2. The locations where the
subsurface soil samples were collected are shown on Plan 8, n- .osed

Summaries of subsurface soil and surface soil samples
collected for chemical analyses are presented in Tables 4.16 and 4.17,

respectively. A summary of the following data is presented in Appendix L:
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Surface Soils

¢ Tab5 Summary of Detected Surface Soil Data;
e Tabé Average Detected Concentrations for Surface Soil Data; and
e Tab16 Summary of Surface Soil Data.

Subsurface Soils

* Tab3 Summary of Detected Subsurface Soil Data;
¢ Tab4 Average Detected Concentrations for Subsurface Soil Data; and
e Tab15 Summary of Subsurface Soil Data.

The following subsections present a summary of the
analytical data for Facility surface soils and subsurface soils.

6.4.2 Surface Soil Characterization
6.4.2.1 General

As summarized in Section 6.1, ten composite surface soil
samples were collected and analyzed for TCL VOCs, TCL SVOCs, TCL
Pesticides/PCBs, TAL parameters, 244TM1P, 244TM2P, ammonia, chloride
and sulphate (see Table 4.17). In addition, four composite hand auger shallow
subsurface soil samples (upper two feet) were collected and analyzed for TCL
TCL VOCs, TCL SVOCs, TCL Pesticides/PCBs, TAL parameters, 244TM1P,
244TM2P, ammonia, chloride and sulphate. An additional composite hand
auger shallow subsurface soil sample was collected for total chromium and
hexavalent chromium analysis. One background surface ->i _ample was also
collected and analyzed for TCL PAHs and TAL parameters.

The ten composite surface soil samples each consisted of
four discrete samples which were composited by the laboratory and the four
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composite shallow hand auger samples each consisted of three discrete
samples which were also composited by the laboratory (see Section 4.15.5).
The additional composite hand auger sample collected for total chromium
and hexavalent chromium analysis consisted of two discrete samples which
were composited in the field. The background surface soil sample was a
discrete shallow split-spoon sample collected during the installation of well
nest GW-67, located approximately 1,400 feet west of the Facility.

The following subsections present a summary of the
analytical data for the ten composite surface soil samples, the four composite
hand auger samples and the single chromium speciation sample

6.4.2.2 Surface Soil Samples - Areas 1 to 10

VOCs

A review of the VOC data presented on Plan 34, enclosed,
and in Appendix L, Tab 5, shows sporadic and infrequent detection of only
five VOCs in the ten composite surface soil samples. Toluene (MEC6H5) was
detected in four of the ten samples but all detections were at concentrations
less than 0.004] mg/kg. Methylene Chloride (C2CL2), 244TM1P and 244TM2P
were detected in one sample at concentrations of 0.036 mg/kg, 0.014 mg/kg
and 0.005] mg/kg, respectively.

SVOCs

A review of the SVOC data presented on Plan 34,
enclosed, and in Appendix L, Tab 5, shows that various PAHs and phthalate
isomers were detected in the ten com~~<": surface soil samples. The
maximum concentrations of PAHs detected were Chrysene (CHRY) at
0.64] mg/kg and Benzo(b)Fluoranthene (BBFANT) at 0.56] mg/kg. Most other
PAHSs were detected at concentrations less than 0.2 mg/kg. A comparison of
the PAHs in the surface soil samples to Site-specific background data (see
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Appendix L, Tab 20) indicates that all the PAHs are above background for the
Site. However, as noted in Appendix K, PAHs are ubiquitous in the
environment and the levels found in the Facility surface soil samples parallel
those for industrial and urban development. A comparison of the PAHs in
the surface soils to typical background concentrations in rural, agricultural,
and urban soils (see Table K.5, Appendix K) shows that the PAHs detected in
the surface soils at the Site are well below typical urban soil concentrations
and within typical agricultural soil concentrations. The prevalent phthalate
isomer detected in the soils was B2EHP, which was detected in all ten surface
soil samples, at concentrations ranging from 0.066] mg/kg to 89 mg/kg.

Pesticides/PCBs

A review of the Pesticide/PCB data presented on Plan 34,
enclosed, and in Appendix L, Tab 5 shows infrequent detection of the
following three pesticides: 4,4'-DDD, 4,4'-DDE and 4,4'-DDT. All three were
detected in Area 4 at concentrations of 0.039) mg/kg, 0.049] mg/kg and
0.68] mg/kg, respectively and only 4,4'-DDT was detected in Area 5 at a
concentration of 0.061] mg/kg. Both of these areas (see Plan 34) are situated
immediately adjacent to Eames Street. No PCBs were detected in any of the
samples.

Inorganics

A comparison of the inorganic data presented on Plan 34,
enclosed, and in Appendix L, Tab 5 to Site-specific background data (see
Appendix L, Tab 20), indicates that the following inorganic compounds in the
surface soil samples exhibit sporadic elevated concentrations above

background for the Site:

Compound Max. Detected Conc. (mglkg)
Ammonia 170 (all Areas)
Calcium 534,000 (Area 8 only)
Chromium (total) 750 (Area 1 and 8 only)
Sulphate 28,000] (Area 1 and 8 only)
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As shown above, with the exception of ammonia present
in all areas, the other three inorganic compounds exhibited elevated
concentrations in Area 1 and/or Area 8 (see Plan 34).

6.4.2.3 Hand Auger Samples

As discussed in Section 4.15.5, a total of four composite
hand auger samples of Site surface soils were collected. Three composite
hand-auger samples were collected from areas exhibiting visual signs of
contamination (SWMU No. 27, SWMU No. 30 and SWMU No. 33). An
additional composite hand-auger sample was collected from the area of
SWMU No. 25 at which earlier fuel oil spills had occurred. All samples were
collected within the upper two feet of the ground surface.

Based on initial sampling results, a second composite
sample was collected from the area of SWMU No. 27 for chromium
speciation analyses.

VOCs

A review of the VOC data presented in Appendix L, Tab 5,
shows sporadic and infrequent detection of seven VOCs in the four
hand-auger samples. SWMU No. 27 along the West Ditch (see Figure 4.2)
detected six VOCs which included 244TM1P (0.3] mg/kg), 244TM2P
(0.039 mg/kg), Acetone (0.093] mg/kg), C2CL2 (0.047] mg/kg),
Tetrachloroethene (TCLEE) (0.073] mg/kg) and MEC6HS (0.015] mg/kg). The
sample from SWMU No. 30 (South Ditch) exhibited detected concentrations
of only three V(€ | all at concentrations less than 0.02 mg/kg and the sample
from SWMU No. 33 (near well nest GW-55) exhibited detected concentrations
of two VOCs, both at concentrations of 0.001) mg/kg. The sample from
SWMU No. 25 exhibited no detectable VOC concentrations.
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SVOCs

A review of the SVOC data presented in Appendix L,
Tab 5, shows that phthalate isomers were detected in three of the four
hand-auger samples. B2EHP was detected at SWMU No. 27 at a concentration
of 5,500] mg/k, at SWMU No. 33 at a concentration of 34] mg/kg and at
SWMU No. 25 at a concentration of 2.2 mg/kg.

-Pesticides/PCBs

A review of the Pesticide/PCB data presented in
Appendix L, Tab 5, shows that only 4,4'-DDE and Endosulfan II (BENSLF)
were detected at SWMU No. 30 at concentrations of 1.7] mg/kg and
0.34] mg/kg, respectively and that Alpha-BHC (ABHC) and BENSLF were
detected at SWMU No. 27 at concentrations of 0.22] mg/kg and 0.092] mg/kg,
respectively. No PCBs were detected in any of the samples.

Inorganics

A comparison of the inorganic data presented in
Appendix L, Tab 5 to Site-specific background data (BH41 at GW-67 well nest)
presented in Appendix L, Tab 20, indicates that the following inorganic
compounds in the hand-auger samples exhibited sporadic elevated
concentrations above background for the Site:

Concentration (mgl/kg)

Compound SWMU No.25 SWMU No.27 SWMU No.30 SWMU No. 33
Aluminum -- -- -- 59,000
Ammonia 13 670] 400 300
Chromium (total) 19 4,500 3,600 5,000
Iron -- -- -- 100,000
Nickel 12 -- -- 67
Sulphate -- -- 1.200) 2,400]
Zinc 21 -- -- 180

As shown above, elevated levels of ammonia and
chromium are exhibited at three locations and sulphate at two locations. The
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elevated levels of the other inorganics, aluminum, iron, nickel and zinc at
SWMU No. 33, are all within natural background concentration ranges for
metals in soils of the eastern United States (see Table 6.1).

Chromium Speciation

Chemical speciation was conducted at SWMU No. 27 to
determine the ratio of total chromium to hexavalent chromium (Cr VI)
within the surface soil. A ratio of approximately six percent Cr VI to total

chromium was observed.

6.4.2.4 Surface Soil Characterization Summary

The analytical data collected during the surface
soil/hand-auger sampling program indicated that BZEHP and inorganic
compounds ammonia, chromium and sulphate were the major parameters

detected in the surface soils.

As discussed for test pit samples, B2EHP exhibits a high
Koc value and will strongly adsorb to organic material in soils. Therefore, it
has a very low potential for partitioning to the groundwater and will be
virtually immobile in the soils. However, the migration of B2ZEHP may occur
via sediment transport in surface water runoff. The inorganic compounds
ammonia and sulphate exhibit high solubilities and will therefore exhibit a
high potential for partitioning to groundwéter and/or surface water.
Chromium is considered to be virtually bound to the soils under normal
conditions (i.e. neutral pH), but its leachability from the soil would increase
with decreasing pH conditions. Appendix K presents a detailed discussion

pe-taining to the fate and transport of the above compounds.
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6.4.3 Subsurface Soil Characterization
6.4.3.1 General

As summarized in Section 6.1, 40 subsurface soil samples
were collected and analyzed for TCL VOCs, TCL SVOCs, TCL Pesticides/PCBs,
TAL parameters, 244TM1P, 244TM2P, ammonia, chloride and sulphate (see
Table 4.16) and one background subsurface soil sample was collected and
analyzed for TCL PAHs and TAL parameters. The background subsurface soil
sample was collected during the installation of well nest GW-67, located
approximately 1,400 feet west of the Facility.

6.4.3.2 Characterization
VOCs

- A review of the VOC data presented on Plan 15, enclosed,
and in Appendix L, Tab 3, shows that 244TM1P, 244TM2P, Toluene,
2-Butanone (MEK), 2-Hexanone (MNBK) and Acetone were detected across
the Facility.

244TM1P was detected in 33 of 40 samples and 244TM2P
was detected in 30 of 40 samples. The concentration of 244TM1P ranged from
0.002 mg/kg to 7.0 mg/kg with an average detected concentration of
approximately 0.68 mg/kg. The concentration of 244TM2P ranged from
0.001 mg/kg to 5.1 mg/kg with an average detected concentration of
approximately 0.44 mg/kg. The highest levels of both 244TM1P and 244TM2P
were detected in borehole locations BH9, BH11, BH15, BH17, BH23, BH25,
BH26 and BH34. BH9 is located in the area of a former lagoon (SWMU No. 9).
BHI11 and BH15 are located adjacent to the southwest corner of the
warehouse, in the vicinity SWMU No. 18 and SWMU No. 24 (see Figure 4.2).
BH17 is located in the former Lake Poly area (SWMU No. 14). BH23 and
BH25 are located in the area east of Plant D (SWMU No. 26). BH34 is located
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in the Plant B area (SWMU No. 13 and 23) and BH26 is located in the area the
former by-product HCI tank (SWMU No. 3). The data shows that 244TM1P
and 244TM2P are present in subsurface soils across the Facility.

Toluene, MEK, MNBK and Acetone were detected in 24 of
40 samples, 16 of 40 samples, 12 of 40 samples and 11 of 40 samples,
respectively. The detected concentrations ranged as follows:

Detected Concentration (mg/kg)

Compound Minimum Maximum Average
Toluene 0.0008 4.8 0.22
MEK 0.0006 0.49 0.04
MNBK 0.001 38 0.34
Acetone 0.016 17.0 1.7

The maximum concentrations of MEK and Acetone were
detected in the area of the former lagoons (SWMU No. 9 and 10). The
maximum concentrations of Toluene and MNBK plus elevated levels of
ethylbenzene (ETC6HS5) at 2.3 mg/kg and Styrene at 3.3 mg/kg were detected at
BH15 (SWMU No. 18).

Other VOCs detected in the soil samples were sporadic
and infrequent at concentrations ranging from 0.0005 mg/kg to 0.035 mg/kg,
with the exception of a single hit of methylene chloride at 2.0 mg/kg.

SVOCs

A review of the SVOC data presented on Plan 15,
enclosed, and in Appendix L, Tab 3, shows that phthalate isomers and
N-Nitrosodiphenylamine (NNDPA) were the most prevalent SVOCs detected
in the subsurface soils.

The phthalate isomers detected included B2EHP (29 out of

40 samples), Butyl Benzylphthalate (BBZP) (10 out of 40 samples) and
Di-n-Octylphthalate (DNBP) (16 out of 40 samples). The B2EHP was detected
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the most frequently and at the highest concentrations of 0.1 mg/kg to

1,200 mg/kg with an average detected concentration of approximately

390 mg/kg. Similar to the presence of 244TM1P and 244TM2P, phthalate
isomers, although most prevalent in the vicinity of the former Lake Poly area
(SWMU No. 14), are located in subsurface soils throughout the Facility.

NNDPA was detected in 13 of 40 samples at
concentrations ranging from 0.15 mg/kg to 3,400 mg/kg with an average
detected concentration of approximately 265 mg/kg. Similar to the phthalate
isomers, NNDPA, although more prevalent in the former Lake Poly area
(SWMU No. 14), is located in subsurface soils throughout the Facility.

Pesticides/PCBs

A review of the Pesticide/PCB data presented in
Appendix L, Tab 3, shows that five pesticides were detected in one sample
(BH12) and two pesticides in another sample (BH3). All detected
concentrations were less than 0.15 mg/kg. PCBs were not detected in any
subsurface soil samples.

Inorganics

A comparison of the inorganic data presented on Plan 15,
enclosed, and in Appendix L, Tab 3, to Site-specific background data (BH41 at
GW-67 well nest) presented in Appendix L, Tab 20, indicates that the
following inorganic compounds in the subsurface soil samples exhibited
elevated concentrations above background for the Site:
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Compound Max. Detected Conc. (mg/kg).

Ammonia 400
Calcium 16,000
Chloride 170
Chromium (total) 2,400
Mercury 0.3
Potassium 2,000
Sodium 440
Sulphate 33,000

~ With the exception of mercury which was detected in
three samples and chloride which was detected in 17 of 40 samples, all other
above listed inorganic parameters were located in subsurface soil, above
Site-specific background levels, throughout the Facility. As with the VOCs
and SVOCs, the highest concentration of the inorganics were detected in the
vicinity of former Lake Poly (SWMU No. 14).

6.4.3.3 Subsurface Soil Characterization Summary

The analytical data collected during the subsurface
sampling program indicated that the following compounds were detected in
subsurface soils throughout the Facility:

VOCs: 244TM1P, 244TM2P, Toluene, 2-Butanone, 2-Hexanone
and Acetone;

SVOCs: Bis(2-ethylhexyl)Phthalate (B2ZEHP), Butyl
Benzylphthalate (BBZP), Di-n-Octylphthalate (DNBP) and
N-Nitrosodiphenylamine (NNDPA); and

Inorganics: Ammonia, Calcium, Chromium (total), Potassium,
Sodium and Sulphate

The highest concentrations of all the above compounds
were detected in the vicinity of former Lake Poly (SWMU No. 14).

81 CONESTOGA-ROVERS & ASSOCIATES



3683 (13)

The atmospheric fate and transport mechanisms for
244TM1P and 244TM2P is characterized by a high vapor pressure of
77.5 mm Hg at 38°C. This indicates potentially significant volatility from soil,
surface water and groundwater. There are no available data found regarding
water solubility but these compounds are known to be soluble in organic
solvents such as benzene and chloroform. Soil adsorption cannot be
predicted due to the lack of available Koc values in literature (see
Appendix K).

As discussed for test pit samples, the phthalate isomers,
B2EHP, BBZP and DNBP and NNDPA all exhibit high Kg¢ values and will
strongly adsorb to organic material in soils. Therefore, they have a very low
potential for partitioning to the groundwater and will be virtually immobile
in the soils. However, the migration of phthalate isomers and NNDPA may
occur via sediment transport in surface water runoff. The inorganic
compounds ammonia, calcium, potassium, sodium and sulphate all exhibit
high solubilities and will, therefore, exhibit a high potential for partitioning
to groundwater and/or surface water. Chromium is considered to be
virtually bound to the soils under normal conditions (i.e. neutral pH), but its
leachability from the soil will increase with decreasing pH conditions.
Appendix K presents a detailed discussion pertaining to fate and transport of
the above compounds.

6.5 GROUNDWATER CHEMISTRY

6.5.1 General

As discussed in Section 4.15.1, extensive groundwe ‘er
sampling programs for chemical analyses were conducted as part of the CSA
Phase II field activities. As summarized in Section 6.1, 61 investigative
groundwater samples were collected and analyzed for indicator parameters
ammonia, chromium, chloride and sulphate and 11 investigative

82 CONESTOGA-ROVERS & ASSOCIATES



groundwater samples were collected and analyzed for TCL VOCs, TCL SVOCs,
TCL Pesticides/PCBs, TAL parameters, 244TM1P, 244TM2P, ammonia,
chloride and sulphate plus one additional investigative groundwater sample
from one location for PCB analyses. Subsequently, two rounds of
groundwater samples were collected and analyzed for TCL VOCs, TCL SVQOCs,
TCL Pesticides, TAL parameters, 244TM1P, 244TM2P, ammonia, chloride and
sulphate (first round consisted of 114 investigative samples and second round
consisted of 136 investigative samples including QA /QC requirements).
During the first round, 19 investigative samples were collected for specific
gravity analyses and 11 investigative samples were collected for hexavalent
chromium analyses. During the second round, 18 investigative samples were
collected for specific gravity analyses and 11 samples were collected for
hexavalent chromium analyses. The locations of all Facility and Site

monitoring wells are shown on Plan 3, enclosed.

Summaries of the groundwater samples collected for
chemical analyses are presented in Table 4.8 (Groundwater Indicator
Sampling Summary), Table 4.9 (Full Groundwater TCL/TAL Parameter
Sampling Summary), Table 4.10 (First Round Groundwater Sampling
Summary) and Table 4.11 (Second Round Groundwater Sampling Summary).
A summary of the following data is presented in Appendix L:

Tab 11 Summary of Detected Round 1 and 2 Gro