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EXECUTIVE SUMMARY

A Phase II Comprehensive Site Assessment (C5A)
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.
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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 conrributable 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 II

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
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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 II Field

Investigation Report and the CSA Phase II Risk Assessment Report represents

the culmination of the Phase II 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 III Development of Remedial Response

Alternatives Report. The preparation of the Phase III Remedial Response

Alternatives Report is currently in progress.

1.1 CSA PHASE II FIELD INVESTIGATION
REPORT ORGANIZATION

The CSA Phase II 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;
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• Section 4.0 presents a summary of the field activities completed as part of

the CSA;

• 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

• 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.
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2.0 BACKGROUND INFORMATION

2.1 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, NPI was operated by Fisons

Limited (now Fisons pic). 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.
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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 II 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.

2.3 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
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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.

2.4 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 1(H cm/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.

3.1 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 day. 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 Outwash

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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3.3 REGIONAL HYDROGEOLOGY

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 cm/sec) in the ice

contact deposits and 0.04 to 114 ft/day (1.4 x 10'5 cm/sec to 4.0 x 10'2 cm/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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3.4 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:

• 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.

3.5 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.

3.6 CLIMATE

The climate in this region is humid and temperate with

fairly uniform monthly precipitation. The average annual precipitation

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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4.0 CSA PHASE II FIELD ACTIVITIES

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.

4.1 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:

1. 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.

4.2 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.

22 CONESTOCA-ROVERS It ASSOCIATES



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.

4.3 FACILITY MAGNETOMETER SURVEY

From December 14,1990 through January 8, 1991, LGI, 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 LGl'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.

4.4 FACILITY FIELD TEST PIT EXCAVATIONS

4.4.1 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.

4.4.2 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.

4.5 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 LCI's Soil Gas Survey Report is provided in Appendix C.

4.6 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.

4.8 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

5-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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4.9 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"^ cm/sec to 9.7 x 10"4 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 10~5 cm/sec to 2.26 x 10'5 cm/sec, with a geometric mean of

1.715 x 10~5 cm/sec. These data are consistent with the regional groundwater

availability in the bedrock as discussed in Section 3.3.

4.10 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

31 CONESTOGA-ROVERS & ASSOCIATES



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 "floe" 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-foo't 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.

4.11 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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4.12 DOWNHQLE 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.

4.13 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.
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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 Games 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-rrimethyl-l-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 1992

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

predeaned 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. SWMUs), 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 1/4-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-l-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 I.

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-l-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

3*003) 40 CONESTOGA-ROVERS & ASSOCIATES



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 J

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 Septembers, 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:

• Town Park Well;

• Butters Row Well #2 (in chamber);

• Butters Row Treatment Plant (after treatment);

• Chestnut Street Well #1 (in building); and

• Chestnut Street Well#lA (in chamber).

»

All samples were collected directly from sample ports.

A sample was later collected at Butters Row Well #1

(inside building) on September 10, 199^ 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, NC>3, TKN, cyanide, EDB, DBCP, chloride, sulphate, F, NC>2,

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

5.1 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:

1. topography;

2. geology;

3. groundwater hydrology;

4. surface water hydrology; and

5. 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.

5.2 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 Fames 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.

5.3 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:

1. glacial outwash;

2. glacial ice contact deposits;

3. glacial till; and

4. 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-A1 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 Facility

stratigraphy is consistent with the regional geology as discussed in Section 3.2

and is further described below.

5.3.2 Outwash

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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Sulphate 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.

5.4 SITE HYDROGEOLOGY

5.4.1 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

5.4.2.1 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.

3M303) 50 CONESTOCA-ROVERS & ASSOCIATES



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 (IEP1990 and USGS1694). 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

1 x 1CT2 cm/sec to 1 x 10"4 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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5.4.3 Groundwater Flow System

5.4.3.1 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.

53 CONESTOGA-ROVERS & ASSOCIATES



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 10'2 to

9.7 x 10~* 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.

5.4.3.3 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 ground water 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.

5.5 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 West 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 Facility, 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, 29,20

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 SITE CHARACTERIZATION

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 II 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 II 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 II 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 Cor.st-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-l-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);

iii) 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

SVOCs, 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^ ̂ ''.les 4.14 and 4.15).

Analyses of the foregoing samples were performed by
Coast-to-Coast using the following methods:

34*303) 63 CONnSTOCA-ROVERS & ASSOCIATES



Matrix Parameter Analytical Method
Method (1) Reference

Groundwater TCL-VOCs 8240 1
Surface Water/ TCL-BNAs 8270 1
Soil/Sediment/ TCL-Pesticidcs/PCBs 8080 1
Drummed Waste TAL-Metals 6010/7000 scries 1

Cyanide 9010 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);

• 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

65 CONESTOCA-ROVERS & ASSOCIATES



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 miscellaneous 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:

• Tab 7 Summary of Detected Test Pit Data;

• Tab 8 Average Detected Concentrations for Test Pit Data (includes

frequency of detection); and

• Tab 17 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 Test Pits 6, 7. 8

Drums were encountered throughout most of the area

eno^.v 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 Cone, (mg/kg)

Ammonia 2,100J
Calcium 27,000
Chloride 25,OOOJ
Chromium (total) 90
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Compound Max. Detected Cone, (mg/kg)

Iron 28,000
Potassium 16,000
Sodium 4,800
Sulphate 5,600J

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.

PesticidesfPCBs

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, B2EHP was detected at a

concentration of 1,100J 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 TOO
Calcium 160,000 5000
Iron -- 40,OOOJ
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.

6.4 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, rn- .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

• Tab 5 Summary of Detected Surface Soil Data;
• Tab 6 Average Detected Concentrations for Surface Soil Data; and

• Tab 16 Summary of Surface Soil Data.

Subsurface Soils

• Tab 3 Summary of Detected Subsurface Soil Data;

• Tab 4 Average Detected Concentrations for Subsurface Soil Data; and

• Tab 15 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 -?;1 _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 0.004J 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 0.005J 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^^c-' » surface soil samples. The

maximum concentrations of PAHs detected were Chrysene (CHRY) at

0.64J mg/kg and Benzo(b)Fluoranthene (BBFANT) at 0.56J mg/kg. Most other

PAHs 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 0.066J 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 0.039J mg/kg, 0.049J mg/kg and

0.68J mg/kg, respectively and only 4,4'-DDT was detected in Area 5 at a

concentration of 0.061J 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 <vfn.r. Detected Cone, (mg/kg)

Ammonia 170 (all Areas)
Calcium 534,000 (Area 8 only)
Chromium (total) 750 (Area 1 and 8 only)
Sulphate 28,OOOJ (Area 1 and 8 only)

3W303) 74 CONESTOCA-ROVERS & ASSOCIATES



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 (0.3J mg/kg), 244TM2P

(0.039 mg/kg)7 Acetone (0.093J mg/kg), C2CL2 (0.047J mg/kg),

Tetrachloroethene (TCLEE) (0.073J mg/kg) and MEC6H5 (0.015) mg/kg). The

sample from SWMU No. 30 (South Ditch) exhibited detected concentrations

of only three V"x^ , 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 5,500J mg/k, at SWMU No. 33 at a concentration of 34J 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

0.34J mg/kg, respectively and that Alpha-BHC (ABHC) and BENSLF were
detected at SWMU No. 27 at concentrations of 0.22] mg/kg and 0.092J 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:

Compound

Aluminum
Ammonia
Chromium (total)
Iron
Nickel
Sulphate
Zinc

SWMU No. 25

13
19

12

21

Concentration (mg/kg)
SWMU No. 27 SWMU No. 30 SWMU No. 33

--
670J

4,500
--
--
--
--

--
400

3,600
--
--

1,200J
--

59,000
300

5,000
100,000

67
2,400]
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 B2EHP 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
KQC 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 B2EHP 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 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 would increase

with decreasing pH conditions. Appendix K presents a detailed discussion

pp-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 we'll 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).
BH11 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 HC1 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 Min imum Maximum Average

Toluene 0.0008 4.8 0.22
MEK 0.0006 0.49 0.04
MNBK 0.001 3.8 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 (ETC6H5) 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-Nirrosodiphenylamine (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 Cone, (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 (B2EHP), 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).
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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 KQC values in literature (see

Appendix K).

As discussed for test pit samples, the phthalate isomers,
B2EHP, BBZP and DNBP and NNDPA all exhibit high Koc 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 groundwc'.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
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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 SVOCs,

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 (Croundwater 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 Groundwater Data;

• Tab 12 Average Detected Concentrations for Round 1 and 2

Groundwater Data;

• Tab 21 Summary of Groundwater Data Previous to Round 1;

• Tab 22 Summary of Round 1 and 2 Groundwater Data; and

• Tab 25 Summary of Non-Aqueous Phase Groundwater Data.

Supplementing the first and sec-"-"-1 groundwater

monitoring rounds was the EM geophysical well logging (see Section 4.12)

which was used to aid in determining the vertical extent of the contaminated

plume within the aquifer.
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The following subsections present a summary of the

analytical data for groundwater at the Site.

6.5.2 Groundwater Sampling Prior to Rounds 1 and 2

6.5.2.1 Indicator Parameter Analyses

As discussed in Section 4.15.1, an initial set of

groundwater samples, consisting of 61 samples was collected from existing
and newly installed monitoring wells. The samples were analyzed for

groundwater indicator parameters ammonia, chromium (total), sulphate and

chloride (see Table 4.8). These wells were sampled to assist in tracking the
identified groundwater plume off the Facility such that additional CSA
monitoring wells, if required, could be located. The data from these samples
are presented in Appendix L, Tab 21.

These data have not been taken into account in the
discussion which follows of groundwater chemistry at the Site or for

conducting the risk assessment. The more complete data base set generated
during Round 1 and 2 groundwater sampling (see Section 6.5.3) will be used
for these purposes. It is to be noted that the indicator parameter data are
consistent with the Round 1 and 2 groundwater data.

6.5.2.2 Full Parameter Analyses

In accordance with the CSA Work Plan, 11 Site wells were
selected, based on historic data and indicator parameter analyses, to be

sampled and analyzed for TCL VOCs, TCL SVOCr T<~1 Pesticides/PCBs, TAL
parameters, 244TM1P, 244TM2P, ammonia, chloride and sulphate (see

Table 4.9). The data for these samples are presented in Appendix L, Tab 21.
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These data were reviewed such that a Site Specific

Parameter List (SSPL) could be selected for further and more extensive

ground water, surface water and sediment sampling and analyses. The SSPL

selected included all of the above parameters (see Table 4.10) with the

exception of PCBs. Aroclor 1016 was init ially detected in one groundwater

sample at a concentration of 1.6 ug/L, collected from Facility well GW-54S.

However, this well was subsequently resampled for PCBs, and PCBs were not

detected. Also, PCBs were not detected in any test pit samples (see

Section 6.3), surface soil samples (see Section 4.4.2), or subsurface soil samples

(see Section 6.4.3). Therefore, it was determined not to include PCB analyses

on the SSPL.

These data have not been taken into account in the

discussion which follows of groundwater chemistry at the Site or in the risk

assessment. The more complete data base set generated during Round 1 and 2

groundwater sampling (see Section 6.5.3) will be used for these purposes. It is

to be noted that these data are consistent with the Round 1 and 2 groundwater

data.

6.5.3 Round 1 and 2 Groundwater Data

A summary of detected Round 1 and 2 groundwater

parameters is presented in Appendix L, Tab 11.

Based on these data, a groundwater contaminant plume

was delineated which occupies a large portion of the center of the Facility,

extends to the east boundary of the Facility, and extends to just past

Highway 38 (Main Street) west of the Facility. A smaller portion of the plume

extends to the southwest of *he "acility. The extent of the plume is closely

tied to the centers of the buried bedrock valleys (see Section 5.3) and occurs in

a stratified nature hugging the bedrock surface along the centers of the

bedrock valleys.
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For the purposes of this section, inorganic and organic

chemistry will be discussed in individual Sections 6.5.4 and 6.5.5, respectively.

Following these discussions, a general discussion of ground water

contaminant source and fate and transport follows in Section 6.5.6.

6.5.4 Inorganic Parameters

Upon review of the extensive data base generated during

the CSA, four inorganic "indicator" parameters were chosen for

concentration plots for the purpose of illustrating contaminant distribution

within the aquifer system. These parameters are: ammonia, chloride,

chromium, and sulphate. All four parameters are distributed throughout the

plume. In addition, pH values were plotted and show a strong correlation to
the distribution of the indicator parameters within the groundwater system.
These concentration plots, made of both the shallow portion and deep
portion of the aquifer, are presented on Plans 20 through 29, enclosed.

As the plans show, the deep portion of the aquifer has
been impacted. The source of the plume appears to be the central portion of
the Facility. Based on information provided by Olin, this location

corresponds to early aerial photographs that show two pits to the south of

Building C and to the southeast of Lake Poly. It is also consistent with later

aerial photographs showing the new warehouses, where the two previous

pits had been, with the new acid pits and Lake Poly as shown on Figure 2.4.

Stepan built the water treatment plant and lined lagoons in 1970. This plant
discharged treated wastewater through the property until 1970 when the MDC
sewer line was completed in 1972. After purchasing the Facility in 1980, Olin
relined Lagoon I in 1981 and Lagoon II in 1983.

The data also show that in the shallow portion of the

aquifer only the central portion of the Facility is impacted. Discussions of the

extent of the four parameters in the deep and shallow portions of the aquifer
are provided in the following subsections.
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6.5.4.1 Deep Portion of Aquifer

Chromium (Plan 20)

The distribution and extent of total chromium in the

aquifer is consistent with the other indicator parameters. The highest

concentration of chromium detected (3,600 mg/L) occurs just to the west of

the Facility at well GW-42D. Further to the west, chromium was detected at

wells GW-59D and GW-44D. Chromium concentrations drop off steeply

around both the sides and front of the plume to the west. In the east central

portion of the Facility the chromium concentrations also drop off quickly and

do not extend as far as the East Ditch. Chromium was not detected in the

southwest portion of the plume. Of the four indicator parameters, chromium

shows the strongest affiliation with the low pH groundwater.

Based on information provided by Olin, this is consistent

with the waste disposal from the Kempore process as it was operated between

1956 to 1967. During this time sodium dichromate was used in the process.

The waste stream would contain, in addition to other constituents,

chromium sulphate and sulphuric acid. This is consistent with the plume of

low pH from the sulphuric acid and the chromium from the chromium

sulphate. In 1967, the process was changed to use sodium chlorate instead of

sodium dichromate. With the use of sodium chlorate, the waste stream

would contain sodium chloride and sodium sulphate instead of chromium

sulphate in addition to other constituents and sulphuric acid.

Chemical speciation was conducted in selected wells to

determine the ratio of total chromium to hexavalent chromium (Cr VI)

within the groundwater flow system. A ratio of approximately 10 percent

Cr VI to total chromium was consistently observed.
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Sulphate (Plan 22)

The distribution and extent of sulphate in the aquifer is

consistent with the other three indicator parameters with the highest

concentrations seen on the west side of the Facility. Concentrations as high as

87,000 mg/L were detected at well GW-30DR. The wells which define the

west edge of the plume are wells GW-59D, GW-70D, and GW-58D and

delineate the 1,000 mg/L contour.

Elevated sulphate concentrations extend to the east side of

the Facility in the deep portion of the aquifer as observed in well GW-50D.

The eastern extent of sulphate in the aquifer is defined by the East Ditch. It is

believed that the East Ditch serves as a regional discharge point for

groundwater. This is supported by the fact that well GW-48D, installed east of

the East Ditch, immediately across from the Plant B and well GW-74D

installed east of the East Ditch in the East Bedrock Valley, immediately

downgradient of the Site, did not detect any Facility-related organic

compounds or any Facility-related inorganic compounds above background.

To the southwest of the Facility, sulphate was detected in

well GW-40D at a maximum concentration of 1,400 mg/L. The southwestern

extent of sulphate in the aquifer is believed to be limited to the vicinity of the

southwest corner of the Facility, as shown. This is supported by the fact that

well GW-75D, installed in the Southwest Bedrock Valley, immediately

downgradient of GW-40D, detected sulphate at a level (50 mg/L) similar to

background.

Chloride (Plan 24)

The distribution and extent of chloride in the aquifer is

consistent with the other indicator parameters. The highest concentrations of

chloride are observed on and just to the west of the Facility in the deep

portion of the aquifer. To the west, the 1,000 mg/L chloride concentration

contour extends to wells GW-59D, GW-70D and GW-44D. Slightly elevated
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chloride concentrations are observed in wells GW-58D (730 mg/L), GW-67D

(280 mg/L), GW-61D (160 mg/L) and GW-64D (110 mg/L) which extend west

to and across the Maple Meadow Brook wetland. As shown, the

concentrations decrease with distance from the plume.

Along the east side of the Facility, elevated chloride

extends to the Facility boundary at levels approaching 250 mg/L. Similar to

sulphate, the eastern extent of elevated chloride is defined by the East Ditch.

Again, it is believed that the East Ditch serves as a regional discharge point for

groundwater. This is supported by the fact that well GW-74D installed east of

the East Ditch in the East Bedrock Valley, immediately downgradient of the

Site, detected chloride at a level (71 mg/L) similar to background levels.

To the southwest of the Facility, elevated chloride was

detected in well GW-40D at a maximum concentration of 340 mg/L. The

extent of elevated chloride to the southwest is believed to be limited to the

vicinity of the southwest corner of the Facility, as shown. This is supported

by the fact that well GW-75D, installed in the Southwest Bedrock Valley,

immediately downgradient of GW-40D, detected chloride at a level (64 mg/L)

similar to background levels.

Ammonia (Plan 26)

The distribution and extent of Ammonia in the aquifer is

consistent with the other indicator parameters. The highest concentrations of

Ammonia are observed on and just to the west of the Facility in the deep

portion of the aquifer. Concentrations as high as 12,000 mg/L were detected at

well GW-42D. To the west, the 1,000 mg/L Ammonia concentration contour

extends to wells GW-45D and GW-59D.

Along the east side of the Facility, elevated Ammonia

levels extend to the Facility boundary (1,000 mg/L), but drop off sharply prior

to the East Ditch (<400 mg/L).
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To the southwest of the Facility, elevated Ammonia was

detected in well GW-40D at a maximum concentration of 520 mg/L. Similar

to sulphate and chloride, the extent of elevated Ammonia to the southwest is

believed to be limited to the vicinity of the southwest corner of the Facility, as

shown. This is supported by the fact that well GW-75D in the Southwest

Bedrock Valley, immediately downgradient of GW-40D, detected Ammonia

at a level (37 mg/L) similar to background levels.

Other Inorganic Parameters (Appendix L, Tab 11)

Several other inorganic parameters are elevated above

background levels. These parameters include: aluminum, calcium,

magnesium, potassium and sodium. In general, the distribution of these
parameters in the aquifer closely resembles the distribution of the four

indicator parameters discussed above.

Summary

Based on the Round 1 and 2 groundwater data, the plume
is seen to emanate from the central portion of the Facility to just beyond
Highway 38 (Main Street) to the west, edges 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 area.

The plume has been delineated vertically with

geophysical data showing the contaminants are stratified along the bottom of
the aquifer. The plume is approximately 20 feet thick near wells GW-36 and
GW-42D. The plume thins to the west and is approximately eight feet thick at
GW-58D approximately 1,700 feet west of the Facility. Plan 30, enclosed,

shows the areal extent of the plume and Plan 31, enclosed, shows two

cross-sections through the plume which depict the vertical distribution of the

contaminant plume based on chemical and EM geophysical data.
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6.5.4.2 Shallow Portion of Aquifer

The impact of inorganic contaminants on the shallow

portion of the aquifer is limited to the immediate Facility area. As Plans 21,

23, 25 and 27 illustrate, elevated levels of the four indicator parameters are

observed in the center of the Facility extending to just past the Facility

boundary to the west, and to the Facility boundary on the east. The highest

levels of contaminants are seen in the area of the former pits/lagoons.

Based on information provided by Olin, this is consistent

with the waste disposal from the Kempore process as it was operated between

1956 to 1967. During this time sodium dichromate was used in the process.

The waste stream would contain, in addition to other constituents,

chromium sulphate and sulphuric acid. This is consistent with the plume of
low pH from the sulphuric acid and the chromium from the chromium
sulphate. In 1967, the process was changed to use sodium chlorate instead of
sodium dichromate. With the use of sodium chlorate, the waste stream
would contain sodium chloride and sodium sulphate instead of chromium
sulphate in addition-to other constituents and sulphuric acid.

6.5.5 Organic Parameters

Organic compounds were detected during the CSA
investigation in two primary areas of the Facility; the Plant B area, and the
area around the center of the Facility near the former unlined pits/lagoons

and Lake Poly. Sporadic and infrequent organic compounds were detected in
deep wells to the west of the Facility. Plans 16 through 19 present
groundwater data for selected organic parameters (see Section 6.2).

As shown on the Plans, the area around Plant B has been
impacted by low levels of VOCs and high levels of the Bis(2)ethylhexyl

Phthalate (B2EHP) and N-Nirrosodiphenylamine (NNDPA). The area

affected is concentrated around the present groundwater interceptor well
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system (see Section 2.3). In the interceptor wells, installed to stop oil from

seeping into the East Ditch, a floating oil layer is removed periodically and

sent off Site for incineration due to the high percent concentration of the

dioctylphthalate present in the oil.

Based on information provided by Olin, this is consistent

with historic operations in that area. Behind Plant B were six (6) 15,000 gallon

storage tanks. Among the materials stored were dioctylphthalate,

bis(2-ethylhexyl)phthalate and "Process Oil". An aerial photograph clearly

shows a stream/ditch leaving the Plant B building and going to the East Ditch.

After Olin purchased the Facility a concrete floor and dike

was constructed around the storage tank area. When the construction was in

progress, due to contamination, soil removed from under and around these

tanks was disposed of off Site in a secure landfill.

In the central portion of the Facility, several VOCs were

detected in both the shallow and deep portions of the aquifer. West of the

Facility, VOCs were detected primarily in the deep portion of the aquifer with

no apparent consistent distribution. The principal detected VOCs include

Acetone, Toluene, 244TM1P, 244TM2P and Bromoform. SVOCs were also

detected in this area and to the west of the Facility. The principal detected

SVOCs included phenolic compounds and NNDPA, which was detected

primarily on the Facility only.

Sporadic and infrequent low levels of pesticides

(<0.3ug/L) were detected in various wells around the Facility.
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6.5.6 Groundwater Chemical Source Areas

6.5.6.1 General

Section 2.2 of this report outlines the process and waste

disposal history at the Facility from 1953 to 1986 when the plant closed. As

discussed in Section 2.2, wastes from various processes entered unlined pits

located near the center of the Facility from approximately 1953 to 1970. Other

wastes including yard and process spills and process drains which were

directed into an on-Site drainage system which discharged into unlined Lake

Poly located along the west side of the Facility. A summary of the raw

materials, products and waste by-products included in these waste streams is

provided in Table 2.1.

Based on information provided by Olin, in 1969 Stepan

entered into a Consent Order to install a waste treatment plant to neutralize

the acidic waste and lined lagoons. The plant was completed in 1970. The

treated wastewater was discharged through the property until 1972 when the

Metropolitan District Commission sewer line was completed.

After Olin purchased the Facility, Lagoon I was relined in

1981 and Lagoon II in 1983.

6.5.6.2 Inorganic Parameters

Based on the available knowledge of chemicals which

were directed into the unlined pits and Lake Poly and a review of aerial

photographs, these areas are considered to be the primary source of the

inorganic plume associated with the Facility. Though it is over 20 years sine.,

discharge into the pits ceased, elevated concentrations of the Facility-related

waste compounds in ground water correlate to the position of these areas. In

addition, soil samples collected from borings completed in the Lake Poly area
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exhibited the highest levels of chromium concentrations in the subsurface

soils.

The majority of the inorganic contamination appears to

emanate from the central area of the Facility. To some extent, the Sulphate

Landfill to the southwest of the Facility, may be contributing to sulphate,

chloride and ammonia concentrations in this area.

6.5.6.3 Organic Parameters

As discussed in Section 6.5.5, organic contaminants were

identified in two primary areas at the Facility; the Plant B area, and the area

around the central portion of the Facility. Also of note are the elevated levels

of organic compounds at well GW-49 located off the Facility to the east.

Following is a discussion of the potential sources of these contaminants in

the aquifer.

Organic contamination in the Plant B area has been

attributed to the spills, leaks and release of oily compounds associated with

manufacturing processes and storage tanks in this area. An unknown

amount of oil was released over the course of operations at Plant B. Based on

information provided by Olin, in employee interviews, this area seemed to be

mentioned most frequently concerning spills, leaks and discharges that

occurred in the past. In aerial photographs a stream can be seen leaving the

Plant B building and proceeding to the East Ditch.

When Olin installed the concrete floor and dike walls

around the Plant B storage tanks, a large amount of contaminated soil was

disposed of off Site at an approved disposal facility.

To clean up the banks of the East Ditch behind the Storage

Tanks in the Plant B area, in 1982 Olin removed a portion of the. bank and

replaced it with clean fill. Currently, the oil is being prevented from
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impacting the East Ditch by a pump and treat system that is discharged

through a NPDES permitted outfall (see Section 2.3).

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 spills, process drains and oily wastes from the Opex

process to Lake Poly, the disposal of organic wastes to the pits, and the

disposal of drums containing organic compounds beneath the ground surface.

No apparent correlation can be made between the Facility

and the organic compounds detected in well GW-49. Also, as discussed in

Section 6.7 (Sediments), elevated levels of VOCs, which were not detected at

the Facility, are detected in the sediments downstream of this location.

6.5.7 Groundwater Contaminant Transport

To assess contaminant transport, hydrogeologic

conditions and chemical data must be integrated. Following is a discussion of

contaminant transport in the groundwater. Appendix K presents a detailed

discussion on the fate and transport of Site-specific contaminants in the

environment.

6.5.7.1 Inorganic Parameters

The extent of the plume based on the Round 1 and 2

groundwater data has been discussed in Sections 6.5.4 and 6.5.5. The plume

extends to the west just west of Highway 38 (Main Street), edges off the

Facility boundary to the East Ditch, and edges off the T^'.ity to the southwest

in the vicinity of the Sulphate Landfill . Vertically, the plume is stratified

occupying the bottom of the aquifer ranging in thickness from approximately

20 feet on the east at well GW-42D and thins to approximately eight feet at

well GW-58D, approximately 1,700 feet west of the Facility. It has been
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interpreted that the plume is stratified due to the density difference between

the heavier waste discharged and natural groundwater. Table 6.2 provides a

summary of specific gravity analyses performed on selected wells at the Site.

A review of these data shows that the shallow groundwater system exhibits a

specific gravity of 1.005 to 1.015. The deep wells immediately adjacent to the

west side of the Facility exhibit a specific gravity of approximately 1.1. Further

to the west the specific gravity in the deep well GW-45D decreased to 1.06.

Near the edge of the plume, the deep wells exhibit specific gravity around

1.005, similar to that measured in the shallow monitoring wells at the Site.

A discussion of the groundwater flow conditions was

provided in Section 5.4. In summary, a zone of regional groundwater divide

was identified in the area west and north of the Facility. Groundwater flow

west of this divide is towards the northwest into the Ipswich River hydrologic

basin and groundwater flow east of the divide is towards the southeast and

Aberjona River hydrologic basin. Shallow groundwater at the Facility

discharges into the ditch complex surrounding it.

Plume Migration

As is apparent, the dense plume has migrated in a

direction opposite of the natural groundwater flow system to the immediate

west of the Facility. The potential reason for this is the wastewater, being

more dense than the natural groundwater, settled through the aquifer,

flowing by force of gravity along the slope of the bottom of the aquifer

(bedrock valley surface). The relatively narrow bedrock channel which runs

just below the central portion of the Facility, provided a route for the

migration of the plume to the west. The opposing force of natural

groundwater flow to the southeast is rather weak in the area west of the

Facility as the horizontal hydraulic gradients are v^' '.ow.

It is believed that as long as the dense acidic wastewater

was being discharged at relatively high volumes, the driving force of

hydraulic gradients caused by gravity was predominant in influencing the
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flow of the contaminants to the west, against the natural groundwater flow

direction. In effect, over time, the plume was being "pushed" to the west by

the recharge of higher density wastewater into the aquifer.

Factors Affecting Plume Migration

Three factors are believed to have had the major

influence over dense contaminant migration in the aquifer: the slope of the

bedrock surface; the hydraulic forces generated from recharge of the

wastewater; and the dilution effects at the plume edge which control pH.

Following is a discussion of these factors.

Bedrock Slope

The slope of the bedrock surface is steeper in the area just

west of the Facility, and gradually flattens out west of Highway 38 (Main

Street). It is believed that the flattening out of the slope of the bottom of the

aquifer subsequently results in decreased movement of the plume via gravity.

Wastewater Discharge Effects on Hydraulic Head

For approximately 17 years, acidic wastewater was

recharged into the aquifer, creating an artif icial hydraulic head which

increased the migration rate of the plume. When the discharge of wastewater

ceased, the artificial hydraulic head was eliminated, resulting in lower

migration rates of contaminants. It is believed that the effects of the natural

groundwater flow system has minimal effect in retarding the movement of

the dense portion of the plume.

Combined Effects of Slope and '-'y^ mlic Head

The volume of the dense portion of the plume is now

fixed, and when considered with the factor of decreased slope of the bedrock

surface with distance from the Site, the hydraulic gradients caused by gravity
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as a driving mechanism for the plume will decrease over time. As the

hydraulic gradients decrease, it is believed that the dense portion of the

plume has reached a "physical" equilibrium within the aquifer flow system or

is moving very slowly.

Effects of Dilution on pH and Plume Mobility

The concentrations of chromium in the plume is closely

tied to the pH levels, with the solubility of the chromium being greatly

increased with increasing acidic conditions. The chromium concentration

plans (Plans 20 and 21) illustrate that the "concentration gradients" of the

plume are steep around all sides. This is believed to be a result of the rapid

rise in pH from the center portion of the plume to the plume edges. The

increase in pH due to dilution has greatly decreased the solubility of the

chromium on the plume edges. It is believed that the effects of the natural

groundwater diluting the main portion of the dense plume is a significant

factor in restricting the plume migration. Over time, the plume will reach

chemical equilibrium within the aquifer system.

The redox potential of the groundwater may also

influence the mobility of the inorganic parameters (chromium, sulphate and

ammonia). Changes in the ionic state of these parameters will affect the

solubility and mobility of the parameters in the aquifer.

Conditions Beyond the Dense Portion of the Plume

In well GW-62BR, which is screened in the bedrock below

the sand and gravel aquifer, elevated levels of three of the four indicator

parameters are noted. Concentrations of sulphate (160 mg/L), chloride

(110 mg/L) and ammonia (l^n r g/U have been detected in well GW-64D.

This well is located west of me dense portion of the plume in the vicinity of

the Butters Row Pumping Station. It is believed that the elevated levels

above background for these parameters in this well is the result of the

"dissolution" and migration in the groundwater flow system away from the
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main, dense portion of the plume. Since the pH has increased greatly from

inside the main body of the plume, the solubilities of these compounds

within the aquifer has decreased orders of magnitude. It is believed that the

migration of these compounds west of the main plume body is a function of

the natural ground water flow system, as opposed to the gravity driven flow

mechanism proposed for the dense portion of the plume. Those parameters

(such as chromium) which are more dependent on low pH for increased

solubility and hence mobility within the groundwater system, should not

migrate beyond the dense, low pH portion of the plume.

Contaminant Flow Into the Site Ditches

A portion of the plume is at present discharging to the

ditch complex surrounding the Facility as evidenced by the observed

flocculant material and chemical analysis of surface water and sediment. This

discharge is most likely from the shallow portion of the aquifer on the west

side of the Facility. The chemical concentration plots of the shallow aquifer

also indicate contaminant flow to, but not beyond, the south and east ditches.

Groundwater elevation data show flow towards the ditch as well.

6.5.7.2 Organic Parameters

Organic compounds in groundwater have been detected

in two principle locations as discussed in Section 6.5.4. The Plant B area

organic contaminants historically were observed discharging to the east ditch;

however, the area is currently under control by an interceptor well system,

with control of the oil seeps being achieved. Therefore, no discussion of

organic contaminant transport will ensue for this area.

In the central portion of the Facility, and to the west of the

Facility, organic compounds are detected in a random distribution pattern and

no organic "plume" delineation was attempted. It is likely that the scattered

nature of the disposal areas, combined with the irregular timing of waste
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releases has resulted in this random pattern. Based on the surface water data,

at least a portion of the organic contaminants are discharging to the ditches.

As most of the organic contaminants were detected only

in deep wells to the west of the Facility, it is likely that these compounds were

transported with the dense inorganic plume via gravity flow to the west.

Several of the compounds which are detected on the Facility are detected only

sporadically, or are not detected at all off the Facility. Although no detailed

study of organic compound fate was conducted, it is likely that many of the

SVOCs have adsorbed to the aquifer materials.

6.6 SURFACE WATER CHEMISTRY

6.6.1 General

As discussed in Section 4.15.2, an extensive surface water

sampling program for chemical analyses was conducted as part of the CSA

Phase II field activities. As summarized in Section 6.1, two rounds of surface

water samples, were collected and 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

were also collected for hexavalent chromium analysis and during the second

round 6 samples were collected for hexavalent chromium analysis (see

Tables 4.12 and 4.13). Plan 7, enclosed, presents surface water sampling

locations.

A summary of the following data is presented in

App ndx L:

• Tab 13 Summary of Detected Round 1 and 2 Surface Water Data;

• Tab 14 Average Detected Concentrations for Round 1 and 2 Surface

Water Data;
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• Tab 23 Summary of Surface Water Data Previous to Round 1; and

• Tab 24 Summary of Round 1 and 2 Surface Water Data.

Plan 32, enclosed, presents a summary of selected parameters (see Section 6.2)

for Rounds 1 and 2 surface water samples. The following subsections present

a summary of the analytical data for surface water.

6.6.2 Surface Water Characteristics

VOCs

A review of the VOC data presented on Plan 32, enclosed

and Appendix L, Tab 13 indicates sporadic and infrequent detection of VOCs
in the surface water with the exception of 244TM1P and 244TM2P. 244TM1P
was detected at 16 of 30 surface water sampling locations and 244TM2P was
detected at 13 of 30 surface water sampling locations. The maximum detected
concentration of 244TM1P was 200 ug/L with an average detected

concentration of approximately 17ug-/L and the maximum detected
concentration of 244TM2P was 81 ug/L with an average detected
concentration of approximately 9 ug/L. The maximum concentrations of

both 244TM1P and 244TM2P were detected at location SW-15, the furthest

most upstream sample in the West Ditch bordering the Facility. Samples

from the West Ditch also exhibited the highest detectable levels of Acetone at
93 ug/L. As discussed in Section 5.4.3.2, shallow ground water flow along the
west central portion of the Site discharges to the West Ditch. This area is

downgradient and adjacent to the former lagoons (SWMU No. 10), acid pits
(SWMU No. 15), former Lake Poly (SWMU No. 14) and the two pits under

the existing warehouses. As discussed in Section 6.4, the maximum

subsurface soil concentrations for 244TM1P, 244TM2P, and Acetone were all

detected in the area of former Lake Poly, upgradient to the West Ditch.
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In the northern branch of the South Ditch, 244TM1P and

244TM2P, were detected at all locations. However, in the southern branch of

the South Ditch, neither 244TM1P and 244TM2P were detected in any sample.

In the East Ditch bordering the Facility, the following

halogenated VOCs were detected in the surface water samples:

l,l,l-Trichloroethane(niTCE), 1,1-Dichloroethene (11DCLE), Chloroethane

(C2H5CL), Methylene Chloride (C2CL2), and Trichloroethene (TRCLE). The

highest concentrations of each of these parameters were typically detected at

sample locations SW-1, SW-29 and SW-30. As shown on Plan 32, enclosed,

SW-1, SW-29 and SW-30 are located in the East Ditch upstream of the Facility.

This suggests that the source of the halogenated VOCs is located upstream of

the Facility. This is supported by the fact that the halogenated VOCs were not

typically detected in Facility test pit samples, surface and subsurface soils or

Facility groundwater.

244TM1P and 244TM2P were also detected in the East

Ditch, specifically at locations SW-2 and SW-3. These two locations are

situated immediately downstream of the Plant B area (SWMU No. 13 and

No. 23) and the black area east of Plant D (SWMU No. 26) where surface soils

were previously removed, respectively. 244TM1P and 244TM2P were also

detected in the East Ditch at locations SW-25, SW-26 and SW-27. The furthest

downstream sample in the East Ditch, SW-28 did not detect 244TM1P and

244TM2P. Toluene and 2-Hexanone (MNBK) were also detected in the East

Ditch, specifically at locations SW-29 and SW-30. The detected concentrations

for Toluene at SW-29 and SW-30 were 140 ug/L and 240 ug/L, respectively.

The detected concentrations of 2-Hexanone (MNBK) at SW-29 and SW-30

were 33 ug/L and 39 ug/L, respectively. These locations are situated

immediately upstream of the Facility. This suggests that the source for these

contaminants is located upstream of the Facility. Further downstream, the

detected concentration of Toluene at SW-23, SW-24, SW-25, SW-26, SW-27

and SW-28 was 42 ug/L, 76 ug/L, 70 ug/L, 56 ug/L, 26 ug/L, and 5 ug/L,

respectively. The two samples immediately upstream of location SW-23,

locations SW-4 and SW-5, did not detect Toluene. As discussed in Section 6.5,
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the groundwater at monitoring well GW-49 exhibited Toluene at a

concentration of 12,000 |ag/L. The Toluene at well GW-49 is not considered to

be associated with the Facility. As shown on Plan 3, enclosed, well GW-49 is

located east of the Facility, downstream of sample location SW-5 but

upstream of sample locations SW-23, SW-24, SW-25, SW-26, SW-27 and

SW-28. This strongly suggests that the source of Toluene at locations SW-23

through SW-28 is associated with a source located east of the Facility.

SVOCs

A review of the SVOC data presented on Plan 32,

enclosed, and Appendix L, Tab 13 indicate sporadic and infrequent detection

of SVOCs in the surface water with the exception of

Bis(2-ethylhexyl)Phthalate (B2EHP), N-Nitrosodiphenylamine (NNDPA) and

Phenol.

B2EHP was detected at 21 of 30 surface water sampling

locations. The maximum concentrations of B2EHP were detected in the

northern branch of the South Ditch at location SW-8 (48 |ig/U and in the East

Ditch at location SW-26 (74 ug/L). All other detected concentrations of B2EHP

were below 14J u.g/L.

NNDPA was detected at 9 of 30 surface water sampling

locations. Similar to 244TM1P and 244TM2P, the maximum concentration of

NNDPA was detected in the West Ditch at upstream location SW-15. As

discussed above, the West Ditch receives shallow groundwater discharge

from the Facility. As discussed in Section 6.4, the maximum subsurface soil

concentration for NNDPA is in the area of former Lake Poly (SWMU No. 14).

Phenol was detected at 6 of 30 surface water sampling

locations, with five of the six detections occurring in the West Ditch. The

maximum concentration of phenol detected in the surface water was 3J )J.g/L.
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At location SW-15 (West Ditch, upstream sample) low

levels of various PAHs were also detected at concentrations ranging from

3J ug/L to 33 ug/L. This is the only surface water location which detected

PAHs.

Pesticides

With the exception of one detected concentration of

Endrin Aldehyde (ENDRN) at SW-5 (East Ditch) at a concentration of

0.11 ug/L, location SW-15 was the only location which exhibited detected

concentrations of pesticides. At location SW-15 (West Ditch, upstream

sample), six pesticides were detected with a maximum concentration of

0.49 ug/L.

Inorganics

A review of the inorganics surface water data presented

on Plan 32, enclosed, and Appendix L, Tab 13, indicates that the following

inorganic parameters were elevated above acute and /or chronic U.S. EPA

Ambient Water Quality Criteria (AWQC) for protection of freshwater aquatic

life:

Compound

Aluminum ^'
Ammonia ^
Calcium
Chloride
Chromium VI
Chromium III <c><d>
Copper W>
Iron
Sodium
Sulphate

Freshwater AWQC

Acute Chronic
Max. Detected Concentration

West Ditch South Ditch East Ditch

75

23,000
--

860,000
16

1,700

18
--
--
--

120

87

2,100
--

230,000
11

210

12
1,000

--
--

no

59,000

120,000
18(),0(X)
590,0(X)

400J

12,000

120
26,000

290,000
3,000,000

190

21,000

110,000
140,000
190,000

74J

1,700
ND

72,000
200,000
590,000

96

3,500

34,000
57,000

210,000
270

410

ND
5,400

120,000
270,000

200
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Notes:

(a) All values are from 1980, 1984, or 1988 U.S. EPA Ambient Water Quality Criteria
(AWQC) documents.

(b) Criteria are pH dependent and/or temperature dependent. Aluminum assumed at pH 6
to pH 9, and total ammonia assumed at pH 7.0, and 20 degrees Celsius.

(c) Surface water analytical data reported as total chromium.
(d) Hardness dependent criteria (assumed hardness of 100 mg/L, as CaCOs).

As indicated by the above data, the maximum

concentration of all the inorganic parameters, except zinc, decrease as one

moves downstream from the West Ditch, to the South Ditch, to the East

Ditch.

The highest levels of inorganic parameters were typically

detected at SW-16 in the West Ditch. Field observations conducted during

sampling noted considerable discoloration of the sediment in the area around

SW-16. Heavy red and white material was noted on the West Ditch bottom,

which appeared to be a flocculant material. Downgradient from this location,

levels of inorganic parameters stabilize and in some cases, drop off.

No significantly elevated levels of inorganic parameters

were detected in the ditch above the junction of the South Ditch complex.

Field observations conducted during sampling noted a black oily sheen on

sediments in the South Ditch sampling locations. Below the junction, levels

of inorganic parameters increase at low levels, due to the input from the

West Ditch.

6.6.3 Surface Water Characterization Summary

The analytical data collected during the surface water

sampling program indicated the following compounds were 'ier .cted m

surface waters at the Facility:

VOCs: 244TM1P, 244TM2P, Toluene, 2-Hexanone and Acetone;
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SVOCs: Bis(2-ethylhexyl)Phthalate (B2EHP),

N-Nitrosodiphenylamine (NNDPA), and Phenol; and

Inorganics: Aluminum, Ammonia, Calcium, Chloride, Chromium

(III and VI), Copper, Iron, Sodium, Sulphate and Zinc.

The highest concentrations of 244TM1P, 244TM2P,

Acetone, NNDPA, Phenol and all the inorganics except for iron, were

detected in the West Ditch. The West Ditch receives groundwater discharge

from the Facility. The highest concentrations of B2EHP and iron were

detected in the South Ditch. The South Ditch also receives groundwater

discharge from the Facility. It is also important to note that the only

significantly elevated levels of iron detected in either the test pit samples or

soil samples collected at the Facility were detected in the drum sample from

test pit 21 (near the South Ditch) and in the hand auger sample collected from

SWMU No. 33 (also near the South Ditch at GW-55 well nest).

In addition to the above noted VOCs detected at the

Facility, halogenated VOCs: IllTCE, 111DCLE, C2H5CL, C2CL2 and TRCLE

were detected in the upstream portions of the East Ditch and are probably

attributed to a source located upstream of the Facility. Also, the

concentrations of Toluene at the furthest upstream samples in the East Ditch

is probably attributable to a source located upstream of the Facility.

244TM1P, 244TM2P, Toluene, 2-Hexanone and Acetone

are highly water soluble and once in the surface water, these compounds wi]J

rapidly volatilize as indicated by their moderate to high Henry's Law

Constants. Adsorption and sedimentation are not expected to be a

predominant removal process.

However, for B2EHP, NNDPA and Phenol, volatilization

will not be significant but adsorption and sedimentation will be predominant.

KQC values for B2EHP and NNDPA indicate very high adsorption potential

and thus, minimal mobility in the surface water. However, for Phenol, a low
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KQC value of 129 indicates low adsorption potential and thus, high tendencies

to partition to the water.

All inorganics exhibit high solubilities and will, therefore,

show high potential for partitioning to surface water.

Appendix K presents a detailed discussion pertaining to

fate and transport of the above compounds in surface water.

6.7 SEDIMENT CHEMISTRY

6.7.1 General

As discussed in Section 4.15.3, an extensive sediment

sampling program for chemical analyses was conducted as part of the CSA

Phase II field activities. As summarized in Section 6.1, two rounds of

sediment samples, were collected and 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

were also collected for hexavalent chromium analysis and during the second

round, 8 samples were collected for hexavalent chromium analysis (see

Tables 4.14 and 4.15). Plan 7, enclosed, presents sediment sampling locations.

Appendix L:

summary of the following data is presented in

• Tab 9 Summary of Detected Round 1 and 2 Sediment Data;

• Tab 10 Average Detected Conce:* trMons for Round 1 and 2 Sediment

Data;

• Tab 18 Summary of Sediment Data Previous to Round 1; and

• Tab 19 Summary of Round 1 and 2 Sediment Data.
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Plan 33, enclosed, presents a summary of selected parameters (see Section 6.2)

for Rounds 1 and 2 sediment samples. The following subsections present a

summary of the analytical data for sediments.

6.7.2 Sediment Characteristics

VOCs

A review of the VOC data presented on Plan 33, enclosed

and Appendix L, Tab 9 indicates sporadic and infrequent detection of VOCs in

the sediments with the exception of 244TM1P, 244TM2P, Acetone and

Toluene. 244TM1P was detected at 23 of 29 sediment sampling locations and

244TM2P was detected at 20 of 29 sediment sample locations. Acetone was

detected in 18 of 29 sediment locations and Toluene was detected in 14 of 29

sediment locations. It should be noted that Acetone was only detected in the

first round sediment samples and Toluene was mainly detected in only the

second round sediment samples.

The maximum detected concentration of 244TM1P was

28 mg/kg with an average detected concentration of approximately 1.6 mg/kg

and the maximum detected concentration of 244TM2P was 9.4 mg/kg with an

average detected concentration of approximately 0.62 mg/kg. The maximum

concentrations of both 244TM1P and 244TM2P were detected at location

SW-13 in the West Ditch bordering the Facility. The samples from the West

Ditch also exhibited the highest detectable levels of Toluene at a

concentration of 1.1J mg/kg. In addition, the West Ditch samples also

exhibited frequent detection of Bromoform (CHBR3) (0.14 mg/kg),

Dibromochloromethane (DBRCLM) (0.035 mg/kg) and Ethylbenzene

(ETC6H5) (0.71 mg/kg). These comrx,..;- ^s were not detected in other ditch

sediments.

As discussed in Section 6.6.2, shallow groundwater flow

along the west central portion of the Site discharges to the West Ditch. This
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area is downgradient and adjacent to the former lagoons (SWMU No. 10),

acid pits (SWMU No. 15), former Lake Poly (SWMU No. 14), and the two pits

under the existing warehouses. As discussed in Section 6.4, the maximum

subsurface soil concentrations for 244TM1P, 244TM2P and Toluene were all

detected in the area of former Lake Poly, upgradient to the West Ditch.

Toluene was also detected in drum samples collected from test pits 6, 7 and 8

(SWMU No. 19). General field observations made during the CSA noted an

oily product in the sediment of the West Ditch.

In the northern branch of the South Ditch, 244TM1P and

244TM2P were detected at all locations. The maximum concentration

detected in the South Ditch for 244TM1P was 4.7J mg/kg and for 244TM2P was

1.5J mg/kg. However, in the southern branch of the South Ditch, only trace

amounts of 244TM1P (0.004) mg/kg) were detected in two samples. The

maximum concentration of Acetone was detected at location SW-8 in the

South Ditch at a concentration of 1.7 mg/kg. This location is adjacent to the

central pond located on the Facility. A halogenated VOC, 11DCLE was also

detected at three locations in the South Ditch with a maximum concentration

at location SW-8 of 0.034J mg/kg. 2-Butanone (MEK) and 2-Hexanone

(MNBK) were also detected in two sediment samples, locations SW-8 and

SW-9, at maximum concentrations of 0.074J mg/kg and 0.036 mg/kg,

respectively. Both of these sample locations are adjacent to the central pond

at the Facility. General field observations made during the CSA noted an oily

material in the sediments between the junction of the West Ditch and South

Ditch and the central pond.

Based on information provided by Olin, the oily material

is probably a waste from the OPEX process which took place in Plant A. Oil

was used in the process to reduce the flammability of the product. Until

about 1970, excess r;', spills and wash downs would be discharged to Lake Poly

which emptied into the West Ditch. The drainage lines and Lake Poly are

shown on Figure 2.3. In a 1969 report, for National Polychemicals Inc., an oily

component was observed as a "Floating material from the Lake Poly sewe*...".

It should be noted that this oily material was observed in sediment samples
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taken from the ditches and was also evident in the south ditch "central

pond".

The waste treatment system was installed by Stepan in

1970 and included an oil removal step before treatment.

244TM1P and 244TM2P were detected in most samples

collected from the East Ditch at maximum concentrations of 0.2 mg/kg and

1.1 mg/kg, respectively at SVV-25.

Trichloroethene (TRCLE) was detected in the surface

sediments in the East Ditch at locations SVV-4, SW-5, and SVV-6 at maximum

concentrations of 0.005J mg/kg, 0.05 mg/kg and 0.01 mg/kg, respectively.

Further downstream TRCLE was detected at locations SW-23, SW-24, SW-25

and SW-27 at maximum concentrations of 0.15 mg/kg, 0.024J mg/kg,

0.029 mg/kg, and 0.02 mg/kg, respectively. TRCLE was detected in three

upstream samples in the East Ditch at SW-2, SW-29 and SW-30 at a

concentration of 0.002J mg/kg, 0.002] mg/kg and 0.018 mg/kg, respectively.

The concentration in the upper portion of the East Ditch suggests that the

source of TRCLE is associated with a source located upstream of the Facility.

SVOCs

A review of the SVOC data presented on Plan 33,

enclosed, and Appendix L, Tab 9, indicates frequent detection of various

PAHs, phthalate isomers and N-Nitrosodiphenylamine (NNDPA).
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The phthalate isomers detected in the sediments include:

Max. Detected Concentration (mg/kg)
West South East
Ditch Ditch Ditch

(B2EHP)
(BBZP)
(DNBP)
(DNOP)
(DEP)
(DMP)

200,000
160J

1,400J
2.1

0.79}
0.18

60,000]
17J
60
24J

-
0.53

9,300
0.4J
0.23
10
-
-

Compound

Bis(2-ethylhexyl)Phthalate
Butyl Benzylphthalate
Di-N-Butylphthalate
Di-N-Octylphthalate
Diethylphthala te
Dimethylphthalate

B2EHP was detected at 28 of 29 locations sampled.

Concentrations generally decreased from the West Ditch, to the South Ditch,

to the East Ditch. The furthest downstream sample in the East Ditch (SVV-27)

exhibited a concentration of 80 mg/kg. BBZP, DNBP and DNOP were also

frequently detected, however, were mostly limited to the West and South

Ditches. DEP and DMP were sporadically and infrequently detected.

NNDPA was detected at 22 of 29 sediment sample

locations. The maximum concentration of NNDPA was detected in the West

Ditch at location SW-13 (6,200J mg/kg). In the South Ditch, NNDPA was

detected at location SW-9 (adjacent to the central pond) at a maximum

concentration of 720J mg/kg. The maximum concentration of NNDPA in the

East Ditch was at location SW-23 at a concentration of 2.1 mg/kg. The

concentration of NNDPA dropped off to 0.8 mg/kg at location SW-24 and to

0.29 mg/kg at SW-27, the furthest sample downstream. The data show the

NNDPA is prevalent in the sediments and decreases from the West Ditch, to

the South Ditch, to the East Ditch.

As discussed in previous sections, ground water flow from

the Facility discharges to all three ditch systems. The West Ditch is located the

closest to the former lagoon areas (SWMU No. 9 and 10), the former acid pits

(SWMU No. 15), the former Lake Poly (SWMU No. 14), and the buried waste

drums (SWMU No. 19), and the pits located under the existing warehouses.

The South Ditch also receives groundwater discharge from some of these
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areas. As discussed in Appendix K, phthalate isomers and NNDPA, due to
their high KOc values, will readily adsorb to suspended matter and sediments.

Pesticides

A review of the Pesticides data presented in Appendix L,

Tab 9, shows that all pesticides were detected sporadically and infrequently.

Endosulfan Sulphate (ESFSO4) and Endrin Aldehyde (ENDRNA) were the

most frequently detected pesticides. ESFSO4 was detected at 6 of 30 sample

locations at a maximum concentration of 0.24 mg/kg (SW-15) and ENDRNA

was detected at 10 of 30 sample locations at a maximum concentration of

6.5 mg/kg (SW-3).

Inorganics

A comparison of the inorganic data presented on Plan 33,

enclosed, and in Appendix L, Tab 9, to Site-specific background surface soil

data presented in Appendix L, Tab 20, indicates that the following inorganic

compounds in the sediment samples exhibited elevated concentrations above

background for the Site:

Max. Detected Concentration (mg/kg)
West South East

Compound Ditch Ditch Ditch

Aluminum 150,000 13,000 60,000
Antimony 120 88 33
Ammonia 1,000 410 410
Calcium 910 1,900 9,900
Chloride 1,400 240 240
Chromium VI 300J 140J 33]
Chromium (total) 8,900 2,900 3,000
Iron 83,000 13,000 140,000
Mercury 0,96 1.2J 1.3
Sodium 1,600 500 560
Sulphate 6,000 3,200J 18,000
Zinc 110 78 1,100

AJ] of the above listed inorganic parameters were present

in sediments above Site-specific background levels across the Facility.
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areas. As discussed in Appendix K, phthalate isomers and NNDPA, due to
their high KOc values, will readily adsorb to suspended matter and sediments.

Pesticides

A review of the Pesticides data presented in Appendix L,

Tab 9, shows that all pesticides were detected sporadically and infrequently.

Endosulfan Sulphate (ESFSO4) and Endrin Aldehyde (ENDRNA) were the

most frequently detected pesticides. ESFSO4 was detected at 6 of 30 sample

locations at a maximum concentration of 0.24 mg/kg (SW-15) and ENDRNA

was detected at 10 of 30 sample locations at a maximum concentration of

6.5 mg/kg (SW-3).

Inorganics

A comparison of the inorganic data presented on Plan 33,

enclosed, and in Appendix L, Tab 9, to Site-specific background surface soil

data presented in Appendix L, Tab 20, indicates that the following inorganic

compounds in the sediment samples exhibited elevated concentrations above
background for the Site:

Mn.t. Detected Concentration (mglkg)
West South East

Compound Ditch Ditch Ditch

Aluminum 150,000 13,000 60,000
Antimony 120 88 33
Ammonia 1,000 410 410
Calcium 910 1,900 9,900
Chloride 1,400 240 240
Chromium VI 300J 140J 33J
Chromium UotaU 8,900 2,900 3,000
Iron 83,000 13,000 140,000
Mercury 0.96 1.2J 1.3
Sodium 1,600 500 560
Sulphate 6,000 3,200J 18,000
Zinc 110 78 1,100

All of the above listed inorganic parameters were present

in sediments above Site-specific background levels across the Facility.
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Parameter concentrations typically decrease from the West

Ditch to the South Ditch and then remain relatively consistent in the East

Ditch. The furthest downstream sample collected in the East Ditch (SW-27)

shows a total chromium concentration at 1,900 mg/kg, a sulphate

concentration of 4,300 mg/kg, an ammonia concentration of 370 mg/kg and a

chloride concentration of 240 mg/kg. For inorganic parameters, antimony,

iron and mercury the concentrations are relatively constant across the Site

sediments.

6.7.3 Sediment Characterization Summary

The analytical data collected during the sediment

sampling program indicated that the following major compounds were

frequently detected in sediments at the Site:

VOCs: 244TM1P, 244TM2P, Toluene and Acetone;

SVOCs: Bis(2-ethylhexyl)Phthalate (B2EHP), Butyl

Benzylphthalate (BBZP), Di-N-Octylphthalate (DNOP),

Di-N-Butylphthalate (DNBP) and

N-Nitrosodiphenylamine (NNDPA); and

Inorganics: Aluminum, Ammonia, Calcium, Chloride, Chromium

(VI & total), Sodium and Sulphate.

The highest concentrations of all the above compounds

were generally detected in the West Ditch and decreased across the Facility.

It is to be noted that VOCs including TRCLE, 12DCE,

CLC6H5, TCLEE and C2H3CL were detected at maximum concentrations at

location SW-23 in the East Ditch downstream of the Facility. Downstream

locations SW-25 and SW-27 also exhibit elevated concentrations of the above
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VOCs. These data suggest a source other than the Facility and are also

supported by groundwater data from well GW-49D (see Section 6.5).

The atmospheric fate and transport mechanisms for

244TM1P and 244TM2P are characterized by a high vapor pressure of

77.5mm Hg at 38°C. This indicates potentially significant vola t i l i ty from

sediment. There are no available data found regarding water solubility. 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, DNBP, DNOP and NNDPA all exhibit high Koc values and

will strongly adsorb to organic material in soils. Therefore, they have a very

low potential for partitioning to the surface water and will be virtually

immobile in the sediments. However, the migration of phthalate isomers

and NNDPA may occur via sediment transport in surface water. The

inorganic compounds ammonia, calcium, chloride, sodium and sulphate all

exhibit high solubilities and will, therefore, exhibit a high potential for

partitioning to surface water. Aluminum and chromium are considered to be

virtually bound to the sediments under normal conditions (i.e. neutral pH),

but their teachability from the sediment will increase with decreasing pH

conditions. Appendix K presents a detailed discussion pertaining to fate and

transport of the above compounds.
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7.0 SUMMARY AND CONCLUSIONS

Based on the results of the CSA, the following summary

and conclusions are made:

1) Historic underground uti l i t ies at the Facility are not considered to

represent potential preferential routes of migration of contaminants.

2) The geologic units identified at the Site include in descending order of

age:

• glacial outwash;

• glacial ice contact deposits;

• glacial till; and

• bedrock (fine grained sedimentary gneiss).

3) The glacial ice contact deposits (k = 1 x 10~2 cm/sec to 1 x 10"4 cm/sec)

and outwash (k = 1 x TO"1 cm/sec to 1 x 10'3 cm/sec) function as the

single, principal hydrostratigraphic uni t in the area of the Site. The

uppermost fractured portion of the bedrock surface beneath the Site is

considered part of this flow system. Below the upper fractured bedrock,

minor groundwater is transmitted along small fractures and joints.

4) The Site area encompasses portions of two hydrogeologic basins with

the zone of regional groundwater divide separating these two basins

located west and north of the Facility. East of the divide, the general

groundwater flow direction is from northwest to southeast across the

main part of the Facility. In the area of Plant B, groundwater flow is

controlled by pumping an interceptor well system. Groundwater flow

from the Facility discharges into the ditches bounding the Facility.

West of the divide, the groundwater flow is directed to the west into

the main portion of the regional aquifer.

5) Groundwater flow velocity on the Facility ranges between 100 feet to

325 feet per year. In the area west of the Facility but east of the divide,
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groundwater flow velocity is approximately 10 feet/year. West of the

zone of regional groundwater divide, groundwater flow velocity ranges

between 10 feet to 425 feet per year.

6) 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, and closely

parallels the groundwater divide.

7) There were three areas at the Facility which exhibited evidence of

buried drum waste, miscellaneous waste and visibly contaminated

soils. Materials within the test pits of the three areas were 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 were the major parameters

detected in the drums and/or soil samples.

8) The following compounds were detected in subsurface soils across the

Facility:

VOCs: 244TM1P, 244TM2P, Toluene, 2-Butanone, 2-Hexanone

and Acetone;

SVOCs: Bis(2-ethylhexyl)Phthalate (B2EHP), 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 central portion of the Facility in the area of former Lake Poly

(SWMU No. 14).
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9) The following compounds were detected in surface waters at the

Facility:

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

SVOCs: Bis(2-ethylhexyl)Phthalate (B2EHP),

N-Nitrosodiphenylamine (NNDPA), and Phenol; and

Inorganics: Aluminum, Ammonia, Calcium, Chloride, Chromium

(III and VI), Copper, Iron, Sodium, Sulphate and Zinc.

The highest concentrations of 244TM1P, 244TM2P, 2-Hexanone,

Acetone, NNDPA, Phenol and all the inorganics except for iron, were

detected in the West Ditch. The highest concentrations of B2EHP and

iron were detected in the South Ditch.

10) The following major compounds were frequently detected in

sediments at the Site:

VOCs: 244TM1P, 244TM2P, Toluene and Acetone;

SVOCs: Bis(2-ethylhexyl)Phthalate (B2EHP), Butyl

Benzylphthalate (BBZP), Di-N-Octylphthalate (DNOP),

Di-N-Butylphthalate (DNBP) and

N-Nitrosodiphenylamine (NNDPA); and

Inorganics: Aluminum, Ammonia, Calcium, Chloride, Chromium

(VI & total), Sodium and Sulphate.

The highest concentrations of all the above compounds were generally

detected in the West Ditch and decreased across the Facility.
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11) The presence of Toluene in surface water and TRCLE, 12DCE, CLC6H5,

TCLEE and C2H3CL in surface sediments at location SW-23 in the East

Ditch downstream of the Facility indicate an off-Site source.

12) A dense groundwater plume is seen emanating from the central

portion of the Facility to just beyond Highway 38 (Main Street) to the

west, edges 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 area. The plume is approximately 20 feet thick near wells

GW-36 and GW-42D and thins to the west to approximately eight feet

thick at GW-58D approximately 1,700 feet west of the Facility.

13) The following major Facility-related compounds were frequently

detected in groundwater at the Site:

VOCs: 244TMIP, 244TM2P, Acetone, Toluene and Bromoform;

SVOCs: Phthalate isomers, NNDPA, Phenolic Compounds; and

Inorganics: Aluminum, Ammonia, Calcium, Chromium (VI and

total), Chloride, Magnesium, Potassium, Sodium and

Sulphate.

The VOCs and SVOCs are mainly limited to the Facility. The inorganic

compounds ammonia, chloride, chromium and sulphate are the major

Facility-related parameters associated with the off-Site dense plume.

14) Based on the knowledge of chemicals which were directed into the

central portion of the property, this area is considered to be the primary

source of the inorganic plume as:r-'..ted with the Facility.

15) Three factors are believed to have had the major influence over dense

contaminant migration in the aquifer: the slope of the bedrock surface;

the hydraulic forces generated from recharge of the wastewater into the
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unlined pits and Lake Poly; and the dilution effects at the plume edge

which control pH.

16) 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 unlined pits, and the disposal of drums

containing organic compounds beneath the ground surface.

17) In the area of monitoring well GVV-49 east of the Facility, an off-Site

source of organic contaminants is indicated, since no apparent

correlation can be made between the Facility and the organic

compounds detected in well GW-49.
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8.0 RECOMMENDATIONS

Recommendations for fu ture actions are not included as

part of this CSA Phase II Field Investigations Report but will be provided as

an Addendum to this report upon completion of the CSA Phase II Risk

Assessment Report, currently being completed by ABB.
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All of Which is Respectfully Submitted,

CONESTOGA-ROVERS & ASSOCIATES

Ed Roberts, P. Eng.

Jon Michels, B.A.
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Page 1 of 3

Proceu

Opex
(Dinitrosopenta-
methylenetetramlne)

Kempore
(Azodicarbonamide)

Hydrazine(4)

Kempore Dispersions

Wytox312
(trisnonylphenyl
phosphite)

Actafoam R-3

WytoxPAP
(Alkylated phenol)

OUMB(U)

TABLE 2.1

PRODUCTS/RAW MATERIALS/WASTE PRODUCTION PERIODS (1)
WILMINGTON FACILITY

Material*

Hexamethylenetetramine
Sodium nitrite
Hydrochloric add
Ammonia
Processing oil

Hydrazine
Urea
sulphuric add
Sodium chlorate(3)
Sodium bromide (catalyst level)

Urea
Chlorine
Sodium hydroxide
Sulphuric add

Azodicarbonamide
Dioctyl phthalate

Nonyl phenol
Phorphorus trichloride

2-ethylhexoic add
Zinc oxide
Dioctyl phthalate
Potassium oleate

Nonyl phenol
Dinonyl phenol
Formaldehyde

Product

Dinitrosopentamethylenetetramine (solid)

Azodicarbonamide (solid)

Hydrazine and Semicarbazide solution

50 percent dispersion of Azodicarbonamide
in Dioctyl Phthalate

Trisnonylphenyl phosphite (liquid)

Liquid Azodicarbonamide activitor

Liquid Alkylated phenol

Watte Byproducts

Sodium chloride
Sodium nitrate
Formaldehyde
Ammonium chloride
Processing oil

Sodium sulphate
Sulphuric add
Urea
Sodium chloride
Ammonium sulphate
Sodium bromide

Sodium sulphate
Sodium chloride
Ammonium sulphate

None

None (HC1 scrubbed in
water)

None

None

Process

Operation
Period

1953-1986(2)

1956-1986(2)

1963 -1970

1960-1986(2)

1965-1986(2)

1963-1986(2)

1971 -1986(2)



TABLE 2.1

PRODUCTS/RAW MATERIALS/WASTE PRODUCTION PERIODS (1)
WILMINGTON FACILITY

Page 2 of 3

Procetf
Raw

Material* Product Watte By-Products

Process
Operation

Period

NitroporeSPT(5)
(5-Phenyltetnzole)

NitroporeOT
(4,4'oxybisbenzenedisulfonyl-
hydrazide)

Wytox ADP
(Dioctyl Diphenylamine)

Phenolic and Urea
Formaldehyde Resins

Phthalate Plasticizers
(Dioctyl phthalate,
dibutyl phthalate)

WitrolN
(N-Nitrosodiphenylamine)

Benzonitrile
Sodium azide
Sodium nitrite
Ammonium chloride
Hydrochloric acid
Dimethyl Formamide

Diphenyl oxide
Chlorosulfonic acid
Hydrazine
Ammonia

Diphenylamine
Diisobutylene
Aluminum chloride
Sodium hydroxide

Phenol
Urea
Formaldehyde

Phthalic anhydride
2-ethylhexanol
Butyl alcohol

Diphenylamine
Sodium nitrite
Sulphuric add

5-phenyltetrazole (solid)

4,4'oxybisbenzenedisulfonylhydrazide

Dioctyldiphenylamine

Solid and liquid resins

Liquid plasticizers

N-Nitrosodiphenylamine (solid)

Sodium chloride
Dimethyl Formamide
Sodium nitrate
Benzonitrile

Sulphuric add
Ammonium chloride
Hydrochloric add scrubbed
in water and solid

Aluminum hydroxide
Sodium hydroxide

Phenol
Formaldehyde

None

Sodium nitrite
Sodium sulphate

1965 -1975

1969-1986(2)

1962-1986(2)

1961 -1967

1955-1961

1965 -1967

OUMO(tJ)
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TABLE 2.1

PRODUCTS/RAW MATERIALS/WASTE PRODUCTION PERIODS (1)
WILMINGTON FACILITY

Process
Raw Operation

Procesi Materials Product Waste By-Products Period

Coatings Bentone Compounded on a batch Various Times
Santocel basis with no waste
UfamiteMM67
Toluene
Butylacetate
Acrylic Resins
Maleic Anhydride
Glycerine
Fatty Amines
Silicone
Monoethanolamine

Notes:

(1) Table 2.1 was compiled from documents provided by Stepan in the sale of the Facility to Olin Corporation and an August 21,1969 Badger Company Report,
Pollution Control Study for National Polychemicals Inc. at Wilmington, MA.

(2) Process operations ending in 1986 were assumed to be in operation until this time based on a 1982 Olin Corporation specialty polymer additives brochure.
(3) Up to 1967, sodium dichromate was used in the process instead of sodium chlorate. The by-product waste contained chrome sulphate instead of sodium chloride

and sodium sulphate.
(4) This process was shut down in the fall of 1970 with hydrazine then purchased from Olin Corporation.
(5) Limited quantities, 24,000 Ib/yr.



TABLE 2.2

IDENTIFIED SOLID WASTE MANAGEMENT UNITS (SWMUs)
WILMINGTON FACILITY

Item Description of Identified SWMU

1. Plant D Drum Storage Unit
2. Plant B Drum Storage Unit
3. By-Product HC1 Tank
4. By-Product Ammonium Hydroxide Tank
5. By-Product Ammonium Hydroxide Tank
6. By-Product Ammonium Hydroxide Tank (Removed)
7. By-Product Ammonium Hydroxide Tank
8. Wastewater Treatment Plant
9. Lagoon I
10. Lagoon n
11. Plant B pit
12. Calcium Sulphate Landfill
13. Interceptor Well System
14. Lake Poly
15. Acid Pits
16. Trench in the vicinity of the East and West Warehouses
17. Opex Vicinity of Lagoon I
18. Opex Drums West of West Warehouse
19. Drums North of Lagoon II
20. Septic Tank, Active
21. Tile Field, Inactive
22. PCB Capacitor
23. Plant B Production Area and Tank Farm
24. Spills from Wytox Loading Area (surface soil removed, material in

water table)
25. Fuel Oil Spills near Firewater Tank
26. Black Area East of Plant D (surface soil removed)
27. Black Area Near West Ditch
28. West Ditch Oily Material Under Sediment.
29. South Ditch White Sediment and Oily Material
30. Black Oily Material on Bank of South Ditch
31. Wastewater Treatment Sump
32. Oil Water Separator (NPDES Discharge Point)
33. Area Near GW-55 Well Nest
34. Removed Fuel Tank Area
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TABLE 3.1

SUMMARY OF WILMINGTON TOWN WELLS WEST OF FACILITY
WILMINGTON FACILITY

Well Location

Chestnut Street

Town Park

Butters Row #1

Butters Row #2

Notes:

ftbgs
MGD
GPM
(1) Source :

Maximum Design Yeild
MGD GPM

Total

1.4

0.5

13

1.4

950

350

900

950

4.6 3,150

feet below ground surface
million gallons per day
gallons per minute
Aquifer Protection Study, Town of Wilminj

Average Pumping Rate
MGD GPM

05

03.

0.7

0.9

23

350

180

450

650

1,630

Screened
Interval
ftbgs

45-55

29-39

39-515

36-46

;ton, June 1990, IEP, INC.

CRAMS (U)



TABLE 3.2

PRIVATE WELL SUMMARY IN VICINITY OF FACILITY
WILMINGTON FACILITY

Plot
#

24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26

Parcel
#

54
64
65
66

72A
94

87A
116
117
3
4
6
7
8
9
10
11
12
13
2
3
4
5
6

7a
7b
7c
7d
8

Location

Cooke Ave.
Cooke Ave.
Cooke Ave.
Cooke Ave.
Cooke Ave
Cooke Ave.
Border Ave.
Border Ave.
Border Ave.

Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St.
Main St
Main St.
Main St.
Main St.
Main St.

Water
Source

Well
Well
Well
Well
Well
Well
Well
Well
Well

Well (1)
Well (1)
Well (1)
Well (1)
Well (1)
Town
Town
Town
Town
Town
Town
Town
Town
Town
Town
Town
Town
Town
Town
Town

Unit

Bedrock
Bedrock
Bedrock
Bedrock
Bedrock
Bedrock
Bedrock
Bedrock
Bedrock

Shallow Sand & Gravel
Shallow Sand & Gravel
Shallow Sand & Gravel
Shallow Sand & Gravel
Shallow Sand & Gravel

Approximate Date Well
Connected to Town Water

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
1983
1984
1959
-1959
-1959
1957
1970-73
1957-59
1959
1957
1973

1970-73
1970-73

1973
1957

Notes:

(1) According to information provided by Olin, residents use bottled water or
pretreat water for drinking.

NA Not applicable.



TABLE 4.1

CSA HELD ACTIVITIES SUMMARY
WILMINGTON FACILITY

Activity

Residential Well Sampling

Aerial Photo/Topographic Surveys

Magnetometer Surveys

Monitoring Well Installations

Investigative Soil Borings

Slug Testing/Pump Testing

Surface Soil Sampling

Groundwater Sampling

Water Level Monitoring

Surface Water/Sediment Sampling

Seismic Refraction Surveys

Test Pit Excavations

Soil Gas Survey

Field Reconnaissance/Geologic Mapping

Piezometer/Staff Gauge Installations

EM/Temperature Logging

Town Well Sampling

Dates

Oct. 90, Sept. 91.

Dec. 90, Dec. 91.

Dec. 90, Jan. 91.

June 91, July 91, Dec. 91, Jan. 92, Feb. 92, April 92,
May 92, July 92, Aug. 92, Nov. 92, Dec. 92,
Jan. 93, Mar. 93, April 93, May 93.

June 91, Feb. 92.

July 91, Feb. 92, Jan. 93.

July 91, May 93.

Aug. 91, Dec. 91, Feb. 92, May 92, Aug. 92,
Nov. 92, Dec. 92, Jan. 93, April 93, May 93.

Sept. 91, Feb. 92, July 92, Aug. 92, Sept. 92,
Jan. 93, April 93.

Oct. 91, Dec. 91, Aug. 92, Sept. 92, Nov. 92,
Dec. 92, Jan. 93, Mar. 93, April 93.

Oct. 91, Feb. 92.

Oct. 91, July 92.

Feb. 92.

Feb. 92-

July 92, Oct. 92.

Aug. 92, Dec. 92, Jan. 93.

Sept. 92.
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TABLE 4.2

TEST PIT EXCAVATION SAMPLE SUMMARY
WILMINGTON, FACILITY

Date Sampled
(mmfddlyy)

10/02/91

10/02/91

10/03/91

10/03/91

10/03/91

10/07/91

10/08/91

10/08/91

Sample
ID

S-01-TP-1

DS-02-TP-6

DS-03-TP-8

DS-04-TP-8

DS-04-TP-8

S-06-TP-19

DS-07-TP-21

S-08-TP-21

Test Pit
Location

TP-1

TP-6.

TP-8

TP-8

TP-8

TP-19

TP-21

TP-21

Matrix

Soil

Drum

Drum

Drum

Drum

Soil

Drum

Soil

Sample
Description

Black, sandy silt, slight odor

Dark gray greasy compound

Milky white viscous compound

Green-Blue granular compound
with strong OVA reading
(>200 ppm)

Duplicate of DS-04-TP-8

Black, silty sand with strong
OVA reading (270 ppm)

Brittle black resin with strong
OVA reading (>520 ppm)

Milky white and blue gray
compounds mixed with sandy
soil, moderate OVA reading
(82 ppm)
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TABLE43

SUMMARY OF HNU SCREENING
WAREHOUSE TEST PITS

WILMINGTON, FACILITY

Sample Date HNU
Test Pit Depth Sampled Reading Sample
Location ((ft bgs) (minlddlyy) (ppm) Description

Eastern Warehouse

WHTP-1 12.0 07/29/92 0.0 Sand and Gravel
WHTP-2 12.0 07/28/92 0.0 Sand and Gravel
WHTP-3 11.0 07/28/92 0.0 Sand and Gravel
WHTP-4 10.5 07/28/92 0.0 Sand and Gravel
WHTP-5 10.0 07/28/92 0.0 Sand and Gravel

Between Warehouses

WHTP-6 9.0 07/29/92 0.0 Gravel
WHTP-7 9.0 07/29/92 0.0 Gravel

Western Warehouse

WHTP-8 10.0 07/30/92 0.0 Sand and Gravel
WHTP-9 1.0 07/30/92 0.0 Sand and Gravel

Notes;

ft bgs - feet below ground surface
ppm - parts per million
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TABLE 4.4 p.ge i or s

MONITORING WELL COMPLETION DETAILS SUMMARY
WILMINGTON FACILITY

Wtll IJ).
Dttt Comflttal

CWMwiitorfat Wills

GW-1
CW-2-
CW-3S
CW-3D
CW-4
GW-4D
CW-5
CW-*S
CW^D
CW-7
CW-8
GW-10S
CW-10O
CW-11
GW-12
GW-13
GW-14
GW-15
CW-16
GW-17S
CW-17D
GW-18S
CW18D
GW-19S
GW-19D
CW-20
CW-21S
GW-21D
CW-22S
CW-22D
GW-23
CW-24
CW-25
GW-26
CW-27S
GW-27D
GW-28S
GW-28D
CW-29S
CW-29D
CW-30S*
CW-30DR
GW-30D*

10/26/77
U/01/77
11/01/77
06/25/86
10/31/77
06/21/91
10/28/77
10/28/77
06/17/86
10/27/77
10/28/77
11/02/77
07/11/86
10/31/77
11/02/77
12/03/80
12/04/80
12/07/80
12/04/80
03/04/81
03/03/81
02/25/81
02/24/81
02/12/81
02/09/81
02/26/81
06/25/86
03/05/81
03/05/81
03/04/81

06/19/86
06/20/86
06/27/86
06/27/86
07/03/86
07/10/86
07/02/86
11/18/87
06/30/86

Gromf tlnmtien
(ft. AMSL)

(7.8
17.6
85.4
14.1
79.8
775
76J
87.2
87.9
8Z7
77.8
87.1
835
85.6
810
89.0
87.4
81.7
90.1
79.7
79.6
86.7
86.7
88.2
87.8
83.4
89.6
M.I
85.6
85.6
885

88.1
88.4
83.6
835
83.9
83.8
90.9
87.7
90.7

MonitonJ (Scnaml) Imttrfil SmJ Put* Intrmtl Top of Bttnck

ElraliM(/tAMSU (ft AMSL) DtpO, (ft tig,)
EkMflOH

tfl AMSL) DiptHflbg,)

88.89
88.10
86.69
85.23
82.12
79.23
79.46
88.72
89.43
84.81
83.19
89.61
84.19
87.22
84.62
90.62
88.70
90.07
91.18
82.10
81.46
89.64
88%
89.88
89.78
85.60
90.90
86.08
87.32
87.06
90.93
8357
85.99
84.96
89.40
89.40
8557
84.81
84.27
8458
91.0
$932
8557

73.3-68.3
78.1-73.1
75.4-70.4
71.2-61.2
71.8-66.8
68.5-58.5
71J^6.3
79.0-74.0
705-60.5
74.2-69.2
74.6-69.6
82J-77.3
66.3-56.3
76.6-71.6
77.2-72.2
75.5-70.5
79.9-74.9
74.2-692
80.1-75.1
76.7-71.7
72.6-67.6
86.7-76.7
727-67.2
83.2-78.2
73.1-68.1
73.7-68.7
80.2-70.2
74.6-69.6
75.6-70.6
55.6-50.6

S
S
S

78.1-68.1
675-575
81.6-71.6
79.2-69.2
79.9-69.9
64.8-54.8
81.9-71.9
56.2-46.2
58.0-48.0

145-195
95-145
10.0-15.0
12.9-22.9
8.0-13.0
9.0-19.0
5.0-10.0
8.2-13.2
17.4-27.4
85-135
3.2-8.2
4.8-9.8

17.2-27.2
9.0-14.0
4.8-9.8

135-185
75-125
145-195
10.0-15.0
3.0-8.0
7.0-12.0
5.0-10.0
145-195
5.0-10.0
14.7-19.7
9.7-14.7
9.4-19.4
95-145
10.0-15.0
30.0-35.0

S
S
S

10.0-20.0
20.9-30.9
20-12.0
4.3-14.3
4.0-14.0
19.0-29.0
9.0-19.0
315-415
32.7-42.7

87.8-67.8
87.6-716
85.4-70.4

?-61.2
79.8-66.8
70.5-56.5
76.3-66.3
87.2-722

?-60.5
82.7-6S.7
77 .8- (.78
87.1-77.1

7-56..1
85.6-706
82.0-720
76.5-70.5
80.9-74.9
75.2-69.2
81.1-75.1
77.7-71.7
72.6*7.6
83.7-767
76.7-66.7
84.7-78.2
77.8-67.8
75.4-68.4

7-70.2
80.1-69.1
77.6-70.6
70.6-49.6

S
S
S

7-68.1
?-575
7-716
7-69.2
7-69.9
7-54.8
7-719
7-46.2
7-480

0-20.0
0-15.0
0-15.0
7-22.9
0-13.0

10-21.0
0-10.0
0-15.0
7-27.4
0-14.0
0-10.0
0-10.0
7-27.2
0-15.0
0-10.0

125-18.5
6.5-115
135-19.5
9.0-15.0
10-8.0
7.0-12.0
3.0-10.0
10.0-20.0
3.5-10.0
10.0-20.0
8.0-15.0
7 - 19.4
4.0-15.0
8.0-15.0
15.0-36.0

S
S
S

7-20.0
7-30.9
7-12.0
714J
7-14.0
7-29.0
7-19.0
7-41.5
7-417

Will

1.5"0 PVC casing/screen
15"0 PVC casing/screen
15"0 PVC casing/screen
15'0 PVC casing/screen
15"0 PVC casing/screen
2' 0 PVC casing/screen
15"0 PVC casing/screen
1.5"0 PVC casing/screen
15*0 PVC casing/screen
15"0 PVC casing/screen
1.5-0 PVC casing/screen
1.5-0 PVC casing/screen
15"0 I»VC cuing /screen
l.5"0 PVC casing/screen
15"0 PVC casing/screen
3"0PVC casing/screen
4-0PVC casing/screen
3"0PVC casing/screen
3"0PVC casing/screen
2"0PVC easing/screen
2"0PVC casing/screen
2-0PVC asing/Krcen
T0PVC asing/screen
2"0PVC casing/screen
2"0PVC casing /screm
2"0PVC casing /screen

15'0PVC casing/screen
2"0PVC casing/screen
2"0PVC casing/screen
70PVC casing/screen

15*0 PVC casing/screen
15'0 PVC eating/screen
15*0 PVC casing/screen
15-0 PVC casing/Kreen
15'0 PVC casing/screen
15'0 PVC casing/screen
15"0 PVC casing/screen
2' 0PVC casing/saeen
15"0 PVC casing/screen

°""«"*'
NA
NA
NA
22.9
NA
14.2
NA
NA
27.4
NA
NA
NA
27.2
NA
NA
NA
NA
NA
NA
NA
13.0
NA
19.9
NA
20.0
15.0
NA
15.0
NA
36.0
15.0
NA
NA
NA
NA
NA
NA
14J
NA
NA
NA
39.5
42.7

Vn (ft AMSL)

NA
NA
NA
hi. 2
NA
63.3
N'A
NA
60.5
N'A
NA
NA
563
NA
NA
NA
NA
NA
NA
N'A
66.6
NA
668
NA
67.8
684
NA
691
NA
496
735
NA
NA
NA
NA
NA
NA
69.2
NA
NA
NA
482
48.0



TABU 4.4

MONITORING WELL COMPLETION DETAILS SUMMARY
WILMINGTON FACILITY

P>gr2of5

MonitonJ (ScmntJ) Inttnml
Monitoring
Wtll ID.

CW-31S
GW-31D
CW-32S
CW-32D
CW-33S
GW-33D
CVV-34S
CW-34D
CW-35S
GW-35D
CW-36
CW-37
CW-38
CW-39
CVV-400
CVV-40S
CW-42D
GW-42S
CW-43D
CW-43S
GW-44S
CW-MD
CW-45S

CW-45D
CW-46D
CW-47
CW-48D
CW-4«S

CW-490
GW-50O
CW-50S
GW-510
CW-51S
GW-S2D
GW-52S
CW-530
GW-53S
GW-54D
GW-S4S
GW-55D
GW-S5S
GW-560
CW-S6S
CW-57D
CW-58D
GW-58S

Out* Cemfltttd

(mmJUIyy)

04/12/88
04/12/88
04/14/M
04/14/M
11/13/S9
11/13/89
11/17/89
11/20/19
11/28/89
11/25/89
11/16/89
11/7/89
11/13/89
11/28/89
07/26/91
07/26/91
07/21/91
07/21/91
07/18/91
07/18/91
04/24/92
04/24/92
12/11/92
12/11/92
01/31/92
08/02/91
07/16/91
07/16/91

12/M/92
06/27/91
06/27/91
06/19/91
06/19/91
06/18/91
06/13/91
06/17/91
06/13/91
06/14/91
06/13/91
07/02/91
07/02/91
07/09/91
07/09/91
01/29/91
08/03/92
08/03/92

Cni*iJ ElnmKon
(ft. AMSL)

67.2

86.7
87.4
88.1
87.7
88.0
87.1
88.1
M.3
81.8
85.9
81.7
86.4
86.4
84.4
845
85.6
834
84.0
835
89.9
89.8
84.2
916
89.0
88.9
79.2
77.4
77.0
82.8
82.9
SS.S
85.8
893
89.0
86.6
86.4
79.7
79.8
805
80.6
95.3
96.1
96.0

TtfofCftiof
Eln»tion(flAMSL)

91.41
91.68
87.74
89.20
89.88
89.64
90.21
90.27
8957
89.76
85.77
8351
86.95
8355
88.00
88.46
84.41
8452
87.97
87.36
85.70
93.97
89.43
89 J6
85.90
93.18
90.86
91.14
8137
80.11
79.71
8452
8459
88.00
87.99
91.88
90.69
89.15
88.69
81.73
81.44
82.76
83.01
94.99
98.19
98.21

EUvMh'ofi
(ft AMSL)

55.2 - 45.2

65.7-55.7
77.4-67.4
71.1-61.1
77.7-67.7
65.3-55.3
77.1-67.1
57.3-47.3
57J-47.3
625-52.5
65.0-55.0
78.6-68.6
51.4-41.4
7*4-66.4
50.4-40.4
76.0-66.0
60.6-50.6
77.6-67.6
74.0-64.0
285-18.5
77.9-67.9
373-27.3
76.2-66.2
87.6-77.6
48.0-38.0
76.9-66.9
71.2-61.2
47.4-37.4
72.0-62.0
71.8-61.8
79.9-74.9
73.8-63.8
80.6-75.6
77.8-67.8
835-785
76.1-66.1
81.4-76.4
69.7-59.7
74.8-69.8
655-55.5
75.6-65.6

743-64.3
26.1-16.1
78.0-68.0

DtpA (ft kgi)

6.0-16.0
12.0-22.0
5.0-15.0
21.0-31.0
10.0-20.00
16.0-26.0
10.0-20.0
230-33.0
100-20.0
30.0-40.0
27.0J7.0
195-295
205-305
3.0-13.0
35.0-45.0
10.0-20.0
34.0-44.0
8.5-185
25.0-35.0
8.0-18.0
10.0-20.0
55.0-65.0
12.0-22.0
525-625
8.0-18.0
4.0-14.0
41.0-51.0
12.0-22.0
8.0-18.0
30.0-40.0
5.0-15.0
11.0-21.0
3.04.0

ttO-22.0
5.0-10.0
115-215
55-105
105-205
5.0-10.0
10.0-20.0
5.0-10.0
15.0-25.0
5.0-15.0
21.0-31.0
70.0-80.0
18.0-28.0

Sand Pack Mm*l
Ettvttio*
(ft AMSL)

7-45.2

7-55.7
78.4-47.4
73.1-61 1
78.7-67 7
68.3-55.3
791-67.1
59.3-473
61.3-47.3

68.0-52.5
71.5-55.0
80.648.6
53.4-414
7B.4-AM

54.4-404
78.5-660
65.6-506
79.6-67*
76.044.0
305-16.5
81.9-67.9
41.8-253
78.2-66.2
88.6-77.6
600-<BO
78.9-66.9
73.2-61.2
49.4-37.4
73.0-62.0
75.0-63.8
80.4-74.9
76.843.8
82.6-75.1
79.8-67.3
86.0-78.5
77.646.1
82.4-76.2
69.7-59.7
75.849.8
675-555
77.645.6

77.344.3
29.1-16.1
80.048.0

Drptl. (/I fcg,)

7-16.0
7-22.0
7-15.0
7-31.0

9.0-20.0
14.0-26.0
9.0-20.0
20.0-33.0
8.0-20.0
280-40.0
230-37.0
140-29.5
U.0-30.5
1.0-13.0

330-45.0
8.0-20.0

30.0-440
60-185
20.0-35.0
6.0-18.0
8.0-20.0
53.0-67.0
8.0-2ZO

' 48.04*5
6.0-18.0
3.0-14.0
29.0-41.0
10.0-22.0
6.0-18.0
28.0-40.0
4.0-15.0
7.8-19.0
25-8.0

9.0-22.0
3.0-105
9.5-22.0
3.0-105
9.0-205
4.0-10.2
10.0-20.0
4.0-10.0
13.0-25.0
3.0-15.0
18.0-31.0
67.0-80.0
16.0-28.0

Will M»ttriali

2*0 S3 ca»ing/»cr*in
2*0 SS caling/imen
2"0 SS casing/xntn
2"0 SS cMwg/Kmn

2"0PVC cjiing/jcrwn
2"0PVC c»»ing/icr*en
2"0PVC e»»ing/scTT«n
2"0PVC aiing/xrern
2"0PVC c»ing/K rren
r0l'.VC CMing/xrtcn
2"0PVC c«sing/>ciTcn
2"0PVC c»ting/»crcen
2"0PVC ming/Kmn
2"0PVC c»sing/KTMn
2-0PVC c«>ing/icm-n
2"0PVC c»«ing/$crrcn
T0PVC otiing/Krvcn
r0l'VC c»ing/Krcvn
rei'VC cuing /tcmn
2"0PVC eiiing/jcrccn
2"0PVC eating /Kncn
2"0PVC asing/icrr»n
2"0PVC osing/irmn
2"0PVC cuing/screen
2"0PVC cuing /KTITCTI
2-0PVC cifing/tcmti
2"0PVC diing/iciTcn
2"0PVC citing /sown
2"0PVC cMing/Kmn
r0PVC CMing/Kmn
2"0PVC otlng/sciTcn
r0PVCating/Kn«n
2"0PVC caung/Kmn
2"0PVC CMing/Kncn
2"0PVC cating/Kntn
2"0PVC CMing/Krecn
2"0PVC eaiing/screm
2"0PVC cating/scmn
2"0PVC eating /Knm
r0PVC eating /*TMH
2"0PVC caiing/Knni
2"0PVC ca»ing/scir«i
2"0PVC oiing/icrrm
2"0PVC ating/KTtcn
2"0PVC cuing/KTtcn
r0PVC c*»mg/Kmr>

Top of Bttlnck

Dtftl, (ft kgt)

NA
22.0
NA
26.0
NA
19.4
NA

BouJden (245)
NA
35.0
36.5
27.0
28.0
8.0
390
NA
39.0
NA
29.0
NA
NA
61.0
NA
60.0
14.0
3.0
36.0
NA
NA
35.0
NA
14.0
NA
15.0
NA
15.0
NA
15.3
NA
14.0
NA
195
NA
26.0
74.0
NA

Eln (ft AMSU

NA
67.2
NA
60.7
NA
68.7
NA

lloulden (M i)
NA
5.1.1
47 R
550
575
7.1ft
474
\A
4S.4
NA
5A.5
NA
NA
22.5
NA
29.8
702
886
53.0
NA
NA
424
NA
688
NA
70.8
NA
74.3
NA
713
NA
657
NA
61
NA
693
22 1
NA



TABU 4.4

MONITORING WELL COMPLETION DETAILS SUMMARY
WILMINGTON FACILITY

Pige3of5

MonitonJ IScrmtJ) httntl
Monitoring

Wtll ;j>.

CW-59S

GW-59D
CW-60S

GW-60O
CW-61BR

CW-61S

CW-61D
GW-62URD

CW-62UR

C.W-62S

CW-62D

CW-62M
CW-t3S

GW-63D

CW-64S

GW-64D

GVV-65S

CW-651)

GW-66S

CW-66O
CW-67S

GW-67D
CW-6BIIR

CW-68O

CW-69S

CW-69D

CW-70S

CW-70D

CW-71D
CW-71S

GW-72D

CW-73D

CW-73S

GW-74D

CW-74S

CW-75D

CW-7SS

Dmtt Complied

(mmHdlyy)

02/07/92

02/07/92

04/29/92

04/29/92

12/17/92

04/30/92

04/30/92
01 /06/93

07/22/92

05/05/92

05/04/92

05/05/92

08/05/92

OS/05/92

07/31/92

07/31/92

08/07/92

08/05/92

08/03/92

07/22/92
11/02/92

11/02/92

12/10/92

07/23/92

07/27/92
07/27/92

07/26/92

07/28/92

11/19/92

11/17/92

11/17/92

04/19/93

04/19/93

03/31/93

03/31/93
05/06/93

05/06/93

CnwiatEbmrioif

(ft. AMSL)

85.3

85.2

889

88.6

81.6

81.7

815
8X0
81.6

8Z3
814
82.4

81.1

81.1

84.6

84.1

814
8Z4
M.4
88J
98.4

98.2

90.2

903
90.9

91.1

912
92J

94.4

93.9

86.0

83.8

83.4

77.7

77.7

81.4

81.1

Top of Citing

Elnmtion (ft AMSL)

85.08

85.06
90.48

90.73
83.67

83.51
83.66

83.66

83.67

84.61
83.84

84 J8
82.82

83.32
86.70
85.%

84.14
84.19

90.15
90J7

100.61

100J9

89.83

90.16
92.28

93.05

91.99
92.10

96.65
95.60

88.19

83.49

83.39

7722
77.43

83.49

83.28

Ebnn'wi
(ft AMSL)

753-65.3

36.2-21.2
81.9-71.9

67.6-57.6

9.6- -10.4
71.7-61.7

405-30.5

-23.0- -63.0

-16- -23.4
77.3-67.3

21.4-11.4

52.4-414

73.1-63.1

57.1-47.1
74.1-64.1

28.1-18.1

74.4-64.4
-3I--1B.I

79.4-69.4

55.3-44.3

80.9-70.9

25.7-10.7

59.2-142

83.3-73.3
77.9-67.9

55.1-45.1

78.2-68.2

40-3-30.3

54.4-44.4

80.9-70.9

74.0-64.0

29J-19.3
68.4-58.4

57.2-47.2
67.7-57.7

45.4-35.4

71.1-61.1

D,pth(ftbgt)

10.0-20.0

49.0-64.0
7.0-17.0

210-310

710-92.0

10.0-20.0

41.0-51.0

105.0-145.0

80.0-105.0

5.0-15.0
61.0-710

30.0-40.0

8.0-18.0

24.0-34.0

105-203

56.0-66.0

8.0-18.0

855-1005

9.0-19.0
33.0-43.0

175-27.5

725-875

31.0-76.0

7.0-17.0

13.0-23.0

36.0-46.0

14.0-24.0

52.0-62.0

40.0-50.0

13.0-23 J)
110-22.0

545-645

15.0-25.0

205005
10.0-20.0

36.0-46.0

10.0-20.0

Sani Pudk Intmul

EkmNon

(ft AMSL)

77J-65.3

38.2-20.2
839-70.9

70.6-S7.6

NA
73.7-61.7

435-295
NA
NA

79.3-67.3
24.4-7.4

54.4-424

751-63.1

62.1-47.1

76.1 -Ml
37.1-16.1

76.4-64.4

•1.1- -21.1
81 .4-69.4
57.3-40.8

83.4-70.4

30.2-10.2

NA
85.3-72J

824-67.9

57.1-45.1

80.2-68.2
423-303

57.4-44.1
87.9-70.9

76.0*1.0

31.3-193

70.4-58.4

59.7-47.2
69.7-57.7

474-35.4

73.1-61.1

Depth (ft bgt)

8.0-20.0

47.0-65.0
5.0-18.0

18.0-31.0

NA
BO-20.0

38.0-52.0
NA

NA
3.0-15.0
58.0-75.0

28.0-40.0
6.0-18.0

19.0-34.0

8.5-205

47.0-68.0

6.0-18.0

83.5-1005

7.0-19.0

31.(M7.5
15.0-28.0

68.0-88.0

NA
5.0-18.0
8.5-23.0

34.̂ 46.0

12.0-24.0
50.0-610

37.0-50.3

6.0-23.0

10.0-25.0

525-64.5
130-250

18.0-30.5
8.0-20.0

34.0-46.0

8.0-20.0

W«H Material.

2"0PVC aiing/scrrm

2"0PVC aiing/KTcen
2"0PVC ajing/Jtrrcn

T0PVC cuing /Kirrn

4-0PVC ci»ing

2"0PVC cuing /Krr en

2"0PVC c»»ing/v:recn

4"0I'VC «»ing

4"0I'VC using

2"0PVC using /screen
2-0PVC ajing/icreen

2"4>PVC asing/Krccn
2-0PVC ailing /«recn

r0PVC CMing /screen
2'0PVC: c«jing/»creen

T0PVC osing/xreen

2"0PVC ajing/Krren
2"0PVC aiing/tcrrvn

2-0PVC cuing/KKen

r0PVC cuing /tcrecn
r01'VC a>ing/5crrfn

T0PVC casing /jcnrcn

4"0PVC owing

2-0PVC cising/Krecn

2"0PVC a»ing/screen

2"0PVC cuing/Kreen

r0PVC cuing/screen
r0PVC o»ing/»creen

2^PVC casing /Krt*n

2"0PVC Oling /screen
2~0PVC CMing/scrten

r0PVC casing /screen
T0PVC casing/screen

r0PVC casing /screen

T0PVC casing/screen

2-0PVC casing/screen

2"0PVC casing /screen

TopofBtJrock

Dtptnlftbg*)

NA
60.0

NA
26.0

72.0

NA
48.0

800
80.0

NA
70.0

NA
NA
29.0

NA
635

NA
93.3

NA
40.0

NA
81.0

31.0

14.0

NA
45.0

NA
57.0

45.0

NA
17.0

58.0

NA
25.0

NA
41.0

NA

Vn (ft AMSl)

NA
2S.2

NA

62. t>
9.6
NA
33.5

20
I.A
NA
124

NA

NA

52 1
N'A
20.A

\A
•10.9

N'A
48.3

NA
172
59.2

76.3

NA
46.1

NA
353
49.4

NA
69

258
NA
527
NA
40.4

NA

Sutf*u Lmlpll Mmitorini WeHi

SL1S
SLID

SL2
SU
SU
SL5
SU
SL7
SU

11/11/87

11/12/87

11/13/87
11/20/87

ll/l»/«7

11/17/»7
ll/l«/«7

ll/l»/«7
11/l»/87

86.47

KM
KM
92.64
103.19
94.41
92.71
95.25

92.42

5.0-15.0

45-145

5.0-15.0

11.0-21.0
5.7-10.7
5.0-15.0

11.0-21.0

5.0-10.0

1.0-6.0

7-15.0

7-14.5

7-15.0

7-21.0
7-10.7
7-15.0

7-21.0
7-10.0

7-6.0

2"0 PVC casing/screen

2*0 PVC casing/screen

2-0 PVC casing/screen

2"0 PVC casing/screen

2"0 PVC casing/screen
2"0 PVC casing /screen

2"0 PVC casing/screen

2"0 PVC casing/screen

2"0 PVC casing/screen

NA
125
13.0

19.0

8.0
13.0

19.0

7.0

3.0

NA
71.6

70.5

71.2

927
79.8

71.1

86.3

879



TABLE 4.4 fige 4 of 5

Mtmitorinf
VIM ID,

Dmtt CompUtoJ
(mm/M/yy)

GnmU Etrntim
ift.AMSL)

OOitrPltnt WUU

OW-1
OW-2
OW-3
OW-4
OB-1
OU-2
OO-3
DIM

PW-1
PW-2

02/10/82
02/10/82
02/11/82
02/11/82

11/30/87
86.8
875

85.92
88.00
88.16
89.41

87.45
89.14

(flAMSL)

MONITORING WELL COMPLETION DETAILS SUMMARY
WILMINGTON FACILITY

Mtmilond (ScrmtJ) ImUnml Stnd Pmdt Intmml
TtpefC»ri*g EUvttlo*

(flAMSD

5.0-15.0
5.0-15.0
5.0-15.0
7.0-17.0
40-190
75-275
3.0-28.0
6.0-21.0

78.8-28.8 8.0-28.0
79.5-49.5 8.0-38.0

WtllMmUritl,

4TVC C*sing/Sct»»n
4TVCC«jing/Screen
4TVC Casing /Scr«n
4TVC O»ing/Sct»«n

Ttp ofBtJnck

Dtptt, (ft hgi) Vn (ft /IMSU

15.0
130

15.0
190
27.5
280
21.0

82.5-495 5.0-38.0 6-0PVC
27.0
.18.0

598
495

CT4S
CT4U
CT5
CP6S
CT6D
GT7
CT8
crres
cno

86J
M.I

M.S

916

8639
8831
88.03
87.40
87.25
9OSI

8i.97
87.62

77.3-62.3
67.6-5Z6

685-53.5

4.0-9.0
9.0-24.0
165-315
35-8.5

180-330
0.3-25J

4.0-9.0
18.0-33.0

280
34.0

3*5

31.0

583
50.1

50.0

606

P10
P3
P4
PS

89.77
88.94
88.73
88.03

7-761
7-73.9

IW1
IW2
IW3
IW4
(W6
IW7
IW8
IW9
rwio
IW11
IW12

89 J2
89.60
89 35
89.66
89.15
90.09
89.89
89.74
9034
89.92
90.31
89.90

JOB
JOD 87.0

88 JO
89.99
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MONITORING WELL COMPLETION DETAILS SUMMARY
WILMINGTON FACILITY

Monittni (Scnnti) l«t*roft Sm4 Pat* Mm»l TopofBiilnck
Monitoring Dmtf Ctmf UttJ Grmmd EbvuNan TtptfCmtlng lUomtio* Elnmtion

Welt I.D. (mmlAUyy) (ftAMSL) Elcmtfon {ft AMSU (/IAMSU D^»fc(/«bg.) (/IAMSU Dtp* {/I bgf) W.ll M«teri«U Depth 1/t bg>) Elm (^ AMSL)

JOE (75 S9.7»
JOF «7.0 19.93
)OC 90.10
JOH 9051
JOI 91.73

B2 10/14/87 8844 7-74.4 23.0
B3 lO/tl/87 88.91 7-74.6 240
OS 10/19/87 90J9 ?-78.4 240
B7A 10/21/87 89.03 7-78.5 230
BIS' 90.07
B17 90.67 7-77.5
12-IN 89.78

NolM.

* - dntroycd
NA - Noi ipplicablc/noi drtcrnuned
S - Shallow well, depth and screen not recorded
fl AMSL • fett above Mean Sea level
H bgi • feel below ground aurface



TABLE 4.5

HYDRAULIC CONDUCTIVITY DATA RESULTS
WILMINGTON FACILITY

Well No.

Sluv Test Results

40D

42D
43D
SOD
51D
54D
55D
56D

Hydraulic Conductivity (cm/sec)(l)

Falling
Head Test

>1 x IF2

>lxlO-2
1 xlO-2

>1x10-2

—
5.3 x 10-3
4.3 x 10-3
7.7 x 10-2

Rising
Head Test

__

—
9.0x10-3

—
9.7x10-4
3.4x10-3
1.1x10-2

2.1 x ID"2

Average

>1 x 10-2 (2)
>1 x 10-2 (2)

9.5 x 10-3
>lxlO-2(2)

9.7 xlO"4

4.4 x 10-3
7.7 x 10-3
4.9 x 10-2

Geometric Mean 7.9 x 10-3

Pumviny Test Results
Drawdown Test

The is
Solution

Cooper-Jacob
Solution

Recovery Test
Cooper-Jacob

Solution

GW-62BR 1.20x10-5 2.26x10-5 2.13x10-5

GW-62BRD 1.27x10-5

(1) See Appendix F for Hydraulic Conductivity Test Results/Calculations.
(2) Hydraulic conductivities assumed equal to 1 x 10"2 cm/sec for calculating

geometric mean.

OUMOCU)
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TABLE 16

SUMMARY OF GROUND*ATEK ELEVATIONS
WILMINGTON FACILITY

W*ttrLa*I(ftAMSL)
Monitoring Top of Oiling

WtUIJJ. Elrv*tio* (ft AMSl) 09130191

GW Monitoring WOs

GW-1
GW-3S
GW-3D
GW-4
GW-4D
GW-5
GW-6S
GW-6D
GW-8
GW-10S
GW-10D
GW-11
GW-12
GW-13
GW-15
GW-17S
GW-17D
GW-18S
GW18D
GW-19S
GW-19D
GW-20
GW-215
GW-21D
GW-22S
GW-22D
GW-24
GW-25
GW-26
GW-275
GW-27D
GW-285
GW-28D
GW-29S
GW-29D
GW-30DR
GW-31S
GW-31D
GW-32S
GW-32D
GW-33S
GW-33D
GW-34S
GW-34D
GW-355
GW-35D
GW-36
GW-37
GW-38
GW-39

8839
8649
8523
8112
7923
79.46
8872
89.43
83.19
89.61
84.19
8722
8442
9062
90.07
8110
81.46
89.64
8856
8938
89.78
85.60
9090
86.08
8732
87.06
8357
8559
8456
89.40
89.40
8557
8431
8427
8458
8932
91.41
91.68
8774
8920
8938
89.64
9021
9027
8957
8976
8577
8351
86.95
8355

_

7974
79.93
7631
76.66_

8222
8146
7847
80.96
81.06
8071
81.02
7a92
-

7831
78.75
DRY
7621
8153
8128
7&00
8352
83.19
8190
8037
8062
8039
80.91
81.15
8124
8236
8231
8156
8136
8O06
81.12
8123
8018
81.16
8150
8154
81.47
8132
81.48
81.41
81.06
81.01
7876
8066

0241/92

7959
7979
7933
76.42
76.13
7641
8132
8033
-

81.11
8079
8022
81.02
-

7957
7830
7826
DRY
7521
-
-

7679
WK
8153
8052
7951
8037
7933
80.13
-
-

81.12
81.11
8037
8023
79.12
8023
8043
7934
8040
8073
8079
8071
8072
8032
8031
8042
8056
8035
80.40

07/22/92

_

78.14
78.08
7552
75.41
7526
8077
8018
7676
80.16
8029
7947
7930
-

7947
7675
-

DRY
7521
-
-

7679
HT'Xl

8153
80.92
7951
8037
7933
80.13

—-
81.12
81.11
8037
8023
79.12
8023
8026
7849
8025
8033
8039
8036
8022
8027
8031
80.17
8006
7935
79.40

M/14/S2

79.94
7823
78.41
7878
-
-

7937
8027
7755
8032
8032
80JJ3
8027
-

7933
DRY
7752
DRY
75.14
8014
8020
7625
-

8108
8092
-

80.43
81.05
8032
80.18
80.04
8136
8135
81.93
8030_

8027
8034
7833
8077
80.43
80.45
80.41
8034
8021
8046
8037
8022
80.07
8013

09103/92

7950
78.19
7837
7546
7542
75.49
8058
80.47
7636
8174
8035
80JOO
7930
DRY
7950
77.05
77.19
DRY
75J02
8023
8027
7635
8X47
8148
8122
7978
8058
80X12
8027
8031
80.15
8130
8133
8171
8038
7928
8029
8036
7832
8028
8053
8055
8050
80.46
8055
8044
8036
8029
80.09
7948

01/07/93

80.61
81.06
8032
76.76
77.07
7639
8177
8111
79.10
8131
8132
80.99
81.65
DRY
8135
7924
79.14
78.94
78.11
82.15
8148
8021
83.80
83.63
83.05
81.16
81.45
8059
81.16
8158
81.45
83.45
83.41
83.04
6156
8035
8146
8143
8048
8158
81.80
8130
8179
81.63
81.77
81.72
81.49
8130
81.13
80.95

Mm/93

80.71
81.13
80.81
7634
77.07
7634
83.17
8232
79.03
8139
81.47
81.05
81.61
79.10
81.96
79.14
79.14
7927
79.02
82.16
81.74
8026
83.85
83.78
83.10
8150
8128
8073
8124
81.78
81.64
8350
83.46
8197
81.69
80.65
8230
82.09
8156
82.05
82.14
8114
82.10
81.90
82.15
81.95
81.62
81.44
8121
80.88
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TABLE 4-t

SUMMARY OF GROUNDWATER ELEVATIONS
WILMINGTON FAaUTY

WtterLmiytAMSD
Monitoring TofofCftaig

WtUlD. EImatio*(ftAMSL) 09/30/91 0X11/92 9703191 OttlVtt 09/03/92 01/07/93 M/21/93

GWMonitoring Welts

GW-40D B&OO
GW-40S 88.46
GW-42D 84.17
GW-42S 84.16
GW-43D 8757
GW-436 8736
GW-44D 83.97
GW-44S 8570
GW-45D 8936
GW-456 89.43
GW-46D 85.90
GW-47 93,18
GW-iSD 90.86
GW-48S 91.14
GW-49D 8137
GW-SOD sail
GW-506 7971
GW-51D 8432
GW-51S 8459
GW-52D 88.00
GW-52S 8759
GW-S3D 91.88
GW-536 90.69
GW-54D 89.15
GW-54S 8849
GW-55D 8173
GW-556 81.44
GW-56D 8276
GW-566 83.01
GW-57D 9199
GW-58D 98.19
GW-58S 9821
GW-59D 85.06
GW-556 85.08
GW-60D 9O73
GW-60S 90.48
GW-41D 8346
GW-61S 8351
GW-61BR 83.67
GW-62D 8334
GW-62S 8441
GW-62M 8138
GW-62BR 83.70
GW-62BRD 8346
GW-63D 8332
GW-63S 8282
GW-MD 6556
GW-64S 0670
GW-65D 84.19
GW-656 84.14

7828
7856
BO27
8071
8a79
81.00_

-
-
-

—8336
7971
79.86_

7634
76.41
78.07
78.99
79.40
saoB
83.74
83.14
8421
8434
7935
7955
77.42
77.47
-
-
-
-
-
-
-
-
-
— .
-
-
-
-
-
-
-
-

—-
-

79 JOS
7931
79.67
8026
8037
80.56
80.42
8055
8051
8050
8135
8053
7931
79.19
-

7556_

7772
7834
79X0
7859
8438
8154
83.15
8324

—-
77.16
77.16
80.64
-
-

80.46
8048
-
-
-
-

—-
-
-
-
-
-
-
-
-
-
-

77 JO
78.08
7972
80.01
79.98
80.16
78.47
81.87
80.15
80.15
80.75
-

7921
7923
7432
75.16
7536
76.77
77.15
7835
7824
84.08
81.74
83.05
8334
7834
7828
7571
7572
8028
-
-

8035
8028
8031
80.40
79.83
7940_

8022
8020
8022
-
-
-
-
-
-
-
-

77.42
7742
80.80
8036
8035
8031
78.03
8031
80.46
8128
8175
7858
79.40
7951
7535
7555
75.74
76.96
7734
7838
7825
84.48
8239
8357
84A5
79.03
7855
7531
7532
8032
8029
8028
80.49
80.41
80.44
8050
7959
7931

—8033
8033
8034
79.86
-

7742
7744
77.08
76.70
76J3
7830

7734
7753
8023
80.12
8026
80.40
78.88
8022
8024
80.15
8059
7949
7921
79.13
7478
7535
7551
7651
7731
7855
78.44
8440
81.83
8321
83.47
7848
7859
7547
7549
8029
8021
8023
80.40
8036
8036
80.44
7945
7970
-

8026
8028
8028
BOXK
-

76.17
76.19
77.17
7679
7655
77.81

80.15
8034
80.94
8050
81.01
81.14
8034
81.19
81.18
81.18
B? 5?
84.06
8021
8034
7630
76.89
76.92
78.66
7977
7978
80.13
86.43
8334
8183
85.16
00.08
7954
77.97
77.99
8133
81.15
81.16
81.46
8131
813S
8156
8071
80.47
80.87
81.12
81.10
81.13
80.85
8057
78JQ
7875
7951
79.45
7939
7956

8228
83.14
81.18
81.00
81.15
8130
8057
8133
8131
-

82.43
8436
81.42
8152
7625
76.87
76.87
78.75
79.80
8030
80.45
87.07
8439
84.96
84.92
80.05
79.95
77.95
77.99
8157
8126
8129
8156
81.45
81.49
81.71
8030
80.49
80.94
8121
8120
8121
80.96
8034
78.69
78.64
79.49
79.43
7931
7952
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TABLE 4.C

SUMMARY OF GROUNDWATER ELEVATIONS
WILMINGTON FACILITY

Water LmiytAMSL)

Monitoring TopofCatmg
WtUIJ). Bnation(ftAM5D 09130191 0X11192 07132191 OUltm 09103/92 01/07/93 04(21/93

GW Monitoring Wcto

GW-66D 9O32 - 8034 8025 81.18 8129
GW-666 90.15 - 84X32 80.24 81.18 81.29
GW-67D 10039 _ _ _ _ _ 81.07 8124
GW-67S 100j61 _ _ _ _ _ 81.13 81.28
GW-68D 90.16 - 81.11 8055 8157 82.66
GW-68BR 8953 _ _ _ _ _ 83.26 8333
GVW9D 93J6 _ _ - 8022 80.16 81.14 81.27
GW-69S 9X28 - - - 8O22 80.17 81.13 8127
GW-70D 92.10 - 8O36 8022 8122 8137
GW-705 9159 _ _ - 80.14 8024 8122 8134
GW-71D 96.65 _ _ _ _ _ 8124 8132
GW-71S 95.60 _ _ _ _ _ 8129 8139
GW-72D 88.19 _ _ _ _ _ _ 79.%
GW-73D 83.49 _ _ _ _ _ _ 79.43
GW-73S 8339 _ _ _ _ _ _ 79.51
GW-74D 7722 _ _ _ _ _ _ 73.17
GW-74S 77.43 _ _ _ _ _ _ 73.12
GW-75D 83.49 _ _ _ _ _ _ _
GW-75S 83.28 _ _ _ _ _ _ _

Suljate Lanttftt Mmitoring WriU

SL1S 86.47 80.65 - 79.42 79.13 79.09 82.15 83.06
SLID 86.44 80.48 - 7938 79X19 79XW 82.14 83.15
SL2 KM 7854 - 78.45 - 7759 8050 8353
SL3 92.64 78.14 - 78.18 - 77*1 6053 83*7
SL4 103.19 DRY - DRY - DRY DRY DRY
SL5 94.41 78.04 - DRY - DRY 81.41 81.85
SL6 9271 7&09 - 77.62 7671 7656 8176 82-00
SL7 9525 84.02 - DRY 84.07 84.04
SL8 92.42 DRY - DRY 87.75 86.40

ODttr Plmt WtBi

GT4S 8639 8124 8059 - - 8032 8157 81.65
GT4D 8851 8126 8071 - - 80.47 81.65 81.83
CT5 88.03 8128 8073 - 8036 80.42 81.65 8134
GT6S 87.40 8L43 MSO - - 80.61 8150 8108
GT6D 8725 8127 JOTS - - 80.46 81.65 81.83
GT7 9051 - 81-41 8076 - 8139 82J4
GT9S 8657 8144 8077 8027 8039 8051 8172 8159
GT9D 87.62 81.42 8052 8027 8039 8050 8172 8159

98 8722 79.08 78J7 7827 - 7839 7957
» 90L81 - 80.01 79.46 - 7959 DRY 81.14
IW10 5034 - - - - 7751 DRY 78.05

Notes:

ft AMSL-feet Abovt Mean Sea Level



Top of
Piezometer!
Staff Gauge

Location Elevation
I.D. (ftAMSL)

TABLE 4.7

PIEZOMETR1C GROUNDWATER ELEVATIONS
WILMINGTON FACILITY

Surface Water Eleva turn Groundwa ter Eleva tion
(ftAMSL) (ftAMSL)

07/22/92 09103192 01107193 04/21193 07122192 09103192 01107193 04121193

Piezo tntters

PZ-l

PZ-2

PZ-3

PZ-4

PZ-5

PZ-6

PZ-7

PZ-8

PZ-9

PZ-10

Staff Gauges

MMB-PZ1

MMB-PZ2

80.68

80.41

80.1

80.19

80.58

81.01

81.09

81.42

80.64

81.63

82.60

81.89

7955

7937

79.16

7934

79.45

7953

79.67

-

79.09

78.91

-
_

79.60 79.64

79.59 79.61

79.58

79.57 79.64

79.56 79.65

79.63 79.78

79.68 7935

82.24

79.59 79.60

78.97 7971

-

__ __

80.20

80 22

-

-

80.15

80.23

80.22

80.23

80.19

79.17

81.89

80.63

79.64

79.47

7933

79.47

79.54

79.76

79.78

-

79.15

7921

-

__ .

79.79 79.86

79.66 79.69

79.64

79.70 79.79

79.73 79.89

80.03 80.39

79.97 80.15

80.04

79.62 79.63

79.04 7952

-
_

80.28

80.23

-

-

80.36

80.61

80.41

80.47

80.26

79.62

-

Notes;

ft AMSL - feet Above Mean Sea Level

OtAMD(13)



TABLE 4J

GROUNDWATER DEDICATOR SAMPUNG SUMMARY(l)
WILMINGTON FACILITY

Monitoring
Well ID

GW-3D
GW-3S
GW-4S
GW-4D
GW-10D
GW-10S
GW-11S
GW-12S
GW-17D
GW-17S
GW-18D
GW-21D
GW-21S
GW-24S
GW-25S
GW-26S
GW-28D
GW-28S
GW-29D
GW-29S
GW-36D
GW-37D
GW-38D
GW-39D
GW-40D
GW-40S
GW-42D
GW-42S
GW-43D
GW-43S
GW-44D

Date
Sampled

(mm/dd/yy)

08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
01/27/92

Monitoring
Well ID

GW-45S
GW-45D
GW-46D
GW-47
GW-48D
GW-48S
GW-50D
GW-50S
GW-51D
GW-51S
GW-52D
GW-52S
GW-53D
GW-53S
GW-54D
GW-54S
GW-55D
GW-55S
GW-56D
GW-56S
GW-57D
GW-59D
GW-59S
GW-40D
GW-60S
GW-61D
GW-61S
GW-62D
GW-62M
GWW2S

Date
Sampled

(mm/dd/yy)

02/08/92
12/13/92
02/08/92
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91
08/01/91

02/08/92,05/13/92
02/08/92
02/08/92
05/13/92
05/13/92
05/12/92
05/13/92
05/12/92
05/12/92
05/12/92

Notes:

(1) Indicator parameters include chloride, chromium, ammonia and sulphate.

CRA34S3O3)



TABLE 4.9

FULL GROUNDWATER TCL/TAL PARAMETER SAMPLING SUMMARY (1)
WILMINGTON FACILITY

Date
Monitoring Sampled

Well ID (mmlddlyy)

IW-11 12/17/91
GW-27D 12/10/91
GW-31D 12/06/91
GW-35S 12/10/91
GW-36 12/10/91

GW-40D 12/10/91
GW-42D 12/10/91
GW-50D 12/10/91
GW-54S 12/06/91
GW-55D 12/10/91

SL-05 12/10/91

Notes:

(1) Samples also analyzed for 2,4,4-Trimethyl-l-Pentene,
2/4,4-Trimethyl-2-Pentene, Ammonia, Chlorides and Sulphates.

CRA3«S}(13)



TABLE 4.10 Pagel of 3

FIRST ROUND GROUNDWATER SAMPLING SUMMARY
WILMINGTON FACILITY

First Round Croutidwater Samolinv ( Auvnst 3 - 13.1992)

Monitoring pH
WellLD.

GW Monitoring Wells

Conductivity
(fjhtnos)

Temperature

GW-4

GW-4D

GW-6S

GW-6D

GW-10S

GW-10D

GW-12

GW-17S

GW-17D

GW-18S

GW18D

GW-19D

GW-22S

GW-22D

GW-25

GW-26

GW-27S

GW-27D

GW-28S

GW-28D

GW-29S

GW-29D

GW-30DR

GW-31S

GW-31D

GW-32S

GW-32D

GW-33S

GW-33D

GW-34S

GW-34D

GW-35S

CW-35D

GW-36

GW-37

GW-38

GW-39

GW-40D

GW-40S

GW-42D

6.1
6.2

—
6.4
4.3
4.2
5.6

—
55
-

7.0
6.4

—
—
7.1
62
65
3.7
62
6.3
3.9
6.1
4.0
65
6.8
6.1
7.0
6.6
6.8
6.8
4.6
65
4.0
35
35
4.1
6.0
9.0
4.9
3.7

900
1,300

—600
100

9,400

200

—2,350

—700
2,000

—-
3,800

900
2,600

>19,900

300
500
200

3,000

>50,000

295
400
335

1550

255
700
130

4,300

1,600

>50,000

>19,900

>19,900

28,000

800
2,400

100
>50JOOO

14
14
-
15
15
14
15

—15
-
15
15

—
—
13
16
15
15
21
21
18
16
20

175
15
17

165
165
17
17
16
18
18
13
13
18
17
13
16
20

Sample Identification

W-920804-JM-029

W-920804-JM-028

W-920804-JM-013

W-920804-JM-014

W-920810-JM-071

W-920810-JM-059
W-920810-JM-067

DRY
W-920805-JM-024

DRY
W-920806-JM-049

W-920804-JM-015

W-920812-JM-109

W-920812-JM-110

W-920810-JM-068

W-920810-JM-072

W-920812-JM-093

W-920812-JM-094

W-920810-JM-064

W-920810-JM-063

W-920810-JM-061

W-920810-JM-060

W-920803-JM-020

W-920803-JM-002

W-920803-JM-001

W-920803-JM-004

W-920803-JM-003

W-920803-JM-007

W-920803-JM-008

W-920804-JM-010

W-920804-JM-009

W-920804-JM-012

W-920804-JM-011

W-920811-JM-082

W-920811-JM-083

W-920804-JM-021

W-920806-JM-058

W-920811-JM-084/085 DUP/086 MS/087 MSD

W-920811-JM-088

W-920805-JM-025/026 DUP/033 MS/032 MSD

Analysis
Parameters

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL
SSPL

SSPL

SSPL

SSPL

SSPL

SSPL and Density

SSPL and Density

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL

SSPL and Hex

SSPL and Hex

SSPL

SSPL

SSPL and Density

SSPL

SSPL, Hex and Density

CRA 301(1])



TABLE 4.10 Page 2 of 3

FIRST ROUND GROUNDWATER SAMPLING SUMMARY
WILMINGTON FACILITY

Pirst Round Groiindutater Sampling ( Auvtist 3 - 73. 1992}

Monitoring
WellLD.

GW-42S
GVM3D
CW-43S
GW-44D
GW-44S
GW-15D
GW-45S
GW-46D
GW-47

GW-48D
GW^8S
GW-49D
GW-50D
GW-50S
GW-51D
GW-51S
GW-52D
GW-52S
GW-53D
GW-53S
GW-54D
GW-54S
GW-55D
GW-55S
GW-56D
GW-56S
GW-57D
GW-58D
GW-58S
GW-59D
GW-59S
GW-60D
GW-60S
GW-41D
GW-61S
GW-62D
GW-62S

GW-62M
GW-62BR

GW-63D
GW-63S

GW-64D

pH

5.3

43
6.0

3.5

7.1
3.4
6.2

6.9
-

5.8
4.6
6.1
6.1
5.8

5.9
5.1
-

7.8
6.4
6.8
5.8

65
5.7

6.3
5.7

4.8
6.2
6.1

7.1
4.1

6.0
6.6

6.4
6.2

5.9
6.3
6.0
6.6
6.7
73
75
65

Conductivity
(f&mos)

220
24,000

300
41,000

200
>10,000

390
200
-

100
100
700

10500
2,200
1,000
700
-

800
390

120
400

290
11500

4,100
1,100
600
450

5300
340

35,000
650
200
300
500

300
500
300

200
6300

340

310

700

Tempera\

19

18
15

20
17

-
-

125
-

11
13
15

12
13.0

12
13
-

17
16

20
20

20
16

18
14
15
15
-
_

20

19
17

20
13

13
13

15

12
14_

_

12

Sample Identification

W-920805-JM-027

W-920805-JM-036/037 DUP
W-920805-JM-038

W-920812-JM-108
W-920812-JM-107
W-920810-JM-062
W-920810-JM-046
W-920811-JM-075
W-920813-JM-113

W-920812-JM-092/090 MS/089MSD
W-920812-JM-091
W-920812-JM-104

W-920805-JM-030/031 DUP/034 MS/035 MSD
W-920806-JM-045
W-920805-JM-022
W-920805-JM-023

W-920804-JM-019
W-920804-JM-018
W-920804-JM-016
W-920804-JM-017
W-920803-JM-006
W-920805-JM-005

W-920805-JM-042/039 MS/040 MSD
W-920805-JM-041
W-920806-JM-047

W-920806-JM-048
W-920806-JM-051/052 MS/053 MSD

W-920811-JM-079
W-920811-JM-078

W-920806-JM-Q56/055 DUP
W-920806-JM-054
W-920811-JM-081
W-920811-JM-080
W-920812-JM-096

W-920812-JM-095
W-920811-JM-074
W-920811-JM-073

W-920811-JM-106

W-920813-JM-114
W-920812-JM-097

W-920812-JM-098
W-920812-JM-100/101 DUP

Analysis
Parameters

SSPL
SSPL, Hex and Density

SSPL and Density

SSPL, Hex and Density
SSPL and Density

SSPL, Hex and Density

SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL and Density

SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL
SSPL

SSPL
SSPL
SSPL
SSPL

SSPL. Hex and Density
SSPL and Density

SSPL, Hex and Density
SSPL and Density

SSPL
SSPL
SSPL

SSPL
SSPL
SSPL

SSPL
SSPL and Density

SSPL
SSPL

SSPL

CRAM3(13)
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FIRST ROUND CROUNDWATER SAMPLING SUMMARY
WILMINGTON FACILITY

lino ( Auvust 3-13.1992)

Monitoring
WellW.

GW-64S
GW-65D
GW-65S
GW-46D

GW^6S
GVV^SD
GW-69D
CW-69S
GW-70D
GW-70S

P**

5.8
65
6.4
7.1
7.1
6.1
42

5.8
55
65

Sulfate Landfill Monitoring

SL1S
SLID
SL6

Other Plant Wells

B-3

IW-4
IW-11

52
52
5.4

_

—
—

Conductivity
(jjhmos)

200
300
300
300
200
450

14500
200

>10,000
350

Wells

100
200

2,000

_

—
_

Temperature

18
12
13
-
-
17
16

175
-

—

18
17
18

_

—
—

Sample Identification

W-920812-JM-099

W-920813-JM-111
W-920813-JM-112
W-920811-JM-077

W-920606-JM-050

W-920806-JM-044
W-920806-JM-043
W-92Q81G-JM-069

W-9208KHM-070

W-920810-JM-065
W-920810-JM-066
W-920806-IM-057

W-920812̂ M-103

W-920812-JM-102
W-920812-JM-105

Analysts
Parameters

SSPL
SSPL

SSPL
SSPL

SSPL
SSPL

SSPL
SSPL
SSPL

SSPL

SSPL
SSPL
SSPL

SSPL
SSPL
SSPL

Notes:

SSPL include TOL VOCs, SVOCs, PesHcides, TAL parameters, 244TM1P, 244TM2P, ammonia, chloride and sulphate.
Hex analysis parameter is hexavalent chromium
Duplicate (DUP)
Matrix Spike (MS)
Matrix Spike Duplicate (MSD)
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TABLE 4.11

SECOND ROUND GROUNDWATER SAMPLING SUMMARY
WILMINGTON FACILITY

Second Round GrawnAwattr Sampling fNnprmbtr 3-19.1992)

Monitoring ptt
Well ID.

GW Monitoring Weds

Conductivity
(junhos)

Sample Identification

GW-3S
GW-3D
GW-45
GW-4D
GW-6S
GW-6D
GW-10S
GW-10D
GW-11
GW-12
GW-17S
GW-17D
GW-18S
GW-18D
GW-19D
GW-21S
GW-21D
CW-22S
GW-22D
GW-25
GW-26
GW-27S
GW-27D
GW-28S
GW-28D
GW-29S
GW-29D
GW-30DR
GW-31S
GW-31D
CW-32S
GW-32D
GW-33S
GW-33D
GWn34S
GW-34D
CW-35S
GW-35D
GW-36
GW-37
GW-38
GW-39
GW-40D
GW-40S
GW-42D
GW-42S
GW-43D
GW-43S

62
6.4
62
63
65
6.7
5.1
5.1
6.6
6.6
6.7
55

—
7.1
6.8
6.9
7.0
65
4.1
73
6.54
7.1
4.4
5.7
6.8
5.7
6.4
42
65
6.7
7.0
6.8
7.0
72
6.1
4.8
6.7
3^
4.1
4.24
4.4
6.6
9.0
53
3.8
S3
45
6.1

267
624
578
699
464
464
165

5,670
2,070
114
686
1380
-

673
1340
314
235
819

21,400
1,293
410

1,987
15,200

344
416
270

1,850
26300

205
305
105
237
NT
503
150

2,850
1,490
5,940
27300
26300
1Z800
324

1,480
86

36,000
125

1409
222

Temperature

112 W-921105-JM-035
10.1 W-921105-JM-034
11.9 W-921105-JM-013
11.4 W-92110S-JM-042
125 W-921103-JM-022
115 W-921103-JM-021
11.4 W-921112-JM-094
9.7 W-921109-JM-O61
10.8 W-921109-JM-059
12JO W-921111-JM-074
10.8 W-921103-JM-018
113 W-921103-JM-017

Dry
8.1 W-921109-JM-056
10.0 W-921109-JM-050/053 DUP/051 MS/052 MSD
13.1 W-921106-JM-044
12.4 W-921106-JM-045
13.7 W-92110S-JM-O38
11.4 W-92110S-JM-aj9
11.4 W-921116-JM-108
11.7 W-921116-JM-099
115 W-921109-JM-057
10.0 W-921109-JM-OS8
115 W-921106-JM-049
11.6 W-921106-JM-048
10.6 W-921106-IM-046
10.2 W-921106-JM-047
103 W-921109-JM-062

W-921102-JM-001
W-921102-JM-002
W-921102-JM-003
W-921102-JM-O04

NT W-921103-JM-019
NT W-921103-JM-020
14.6 W-921105-JM-040
13.4 W-921105-)M-Otl
135 W-92110S-JM-037
11.8 W-921105-JM-036
9.9 W-921116-JM-101
96 W-921116-JM-100
10.4 W-921109-JM-060
\\2 W-921111-JM-077
10.4 W-921111-JM-069/075 MS/076 MSD
127 W-9211H-JM-078
115 W-921111-JM-079/082 DUP/080 MS/081 MSD
132 W-92111-JM-063
11.0 W-921111-]M-065/066DUP
12.7 W-921111-JM-064

Analysis
Parameters

SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL and Density
SSPL and Density

SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL and Hex
SSPL and Hex

SSPL
SSPL

SSPL and Density
SSPL

SSPL, Hex and Density
SSPL

SSPL, Hex and Density
SSPL and Density
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TABLE 4.11

SECOND ROUND GROUNDWATER SAMPLING SUMMARY
WILMINGTON FAOLITY

0)
Second RoundGroundtoaterSamoiiitf (November3-19.1992)

Monitoring
WellLD.

GW-44D
GW-44S
GW-45D
GW-45S
GW-46D
GW-47
GW-48D
GW-48S
GW-49D
GW-50D
GVV-50S
GW-51D
CW-51S
GW-52D
GW-52S
GW-53D
GW-S3S
GW-54D
GW-54S
GW-55D
GW-55S
GW-56D
GW-56S
GW-57
GW-58D
GW-58S
GW-59D
GW-59S
GW-60D
GW-60S
GW-61D
GW-61S
GW-41BR
GW-62D
GW-62S
GW-62M
GW-62BR
GW-62BRD
GW-63D
GW-63S
GW-64D
GW-64S
GW-65D
GW-65S
GW-66D
GW-66S
GW-67S
GW-67D
GW-68BR
GW-68

PH

32
52
4.0
5.7
6.6
634
632
5.49
6.7
63
62
6.0
6.0
93
7.9
6.8
8.1
6.5
6.7
5.9
6.1
5.9
53
6.52
63
62
3.4
53
6.7
6.8
63
6.4
NT
6.64
633
6.75
7.71
NT
6.62
6.49
63
6.09
6.8
6.61
6.6
6.6
6.6
6.9
NT
5.9

Conductivity
(fanhot)

28,700
156

20,700
228
118
56
114
72

355
7,470
1382
1230
502

1370
662
236
68
257
170

9,150
3,520
404
322
156

3,990
224

21,600
302
123
115
312
167
500
60

49.0
40

2,940
NT
236
170
356
125
190
UO
530
146
97
316
500
198

Temperature

103
11.9
10.8
13.1
10.6
12.1
10.0
123
132
9.8

10.6
11.0
12.7
13.0
15.1

153
14.1
11.4
11.1
10,1
10.4
10.0
10.9
11.9
93
13.6
10.6
8.7
9.7
10.6
NT
92
10.9
8.8
8.1
NT
10.6
93
8.0
13.6

1O8
9.9
107
11.1
10.9

14.9

Sample Identification

W-921110-JM-063
W-921110-JM-071
W-921112-JM-093
W-921112-JM-092
W-921117-JM-U4
W-921118-JM-128

W-921117-JM-115/116 MS/117 MSD
W-921117-JM-118
W-921116-JM-102

W-921104-JM-023/025 DUP/024 MS/026 MSD
W-921104-JM-027
W-921103-JM-C16
W-921103-JM-015
W-921103-JM-010
W-921103-JM-009
W-921103-JM-011
W-921103-JM-012
W-921103-JM-013
W-921103-JM-014
W-921102-JM-006
W-921102-JM-005
W-921102-JM-006
W-921102-JM-007

W-921117-JM-110/109 MS/113 MSD
W-921119-JM-091
W-921112-JM-090

W-921110-JM-64/067 DUP
W-921110-JM-070
W-921117-JM-112
W-921117-IM-111
W-921113-JM-096
W-92U13-JM-095
W-921218-JM-133
W-921116-JM-103
W-921116-JM-105
W-921116-JM-104
W-921119-JM-129
W-930107-JM-134
W-921118-JM-122
W-921118-JM-121
W-921118-JM-127

- W-921118-JM-126
W-921118-JM-123

W-921118-JM-124/125 DUP
W-921112-JM-089
W-921112-JM-088
W-921113-JM-097
W-921113-JM-098
W-921218-JM-133
W-921114-JM-085

Analysis
Parameters

SSPL, Hex and Density
SSPL and Density

SSPL, Hex and Density
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL and Density
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL, Hex and Density
SSPL and Density

SSPL, Hex and Density
SSPL and Density

SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL and Density
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

OtAMOfU)
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TABLE 4.11

SECOND ROUND GROUNDWATER SAMPLING SUMMARY
WILMINGTON FACILITY

0)
Second Round Ground-water Samp/iny (November 3 -19.19921

Monitoring pH
WellLD.

GW-69D
GW-69S
GW-70D
GW-70S
GW-71S
GW-71D
GW-72D
GW-73D
GW-73S
GW-74D
GW-74S
GW-75D
GW-75S

4.1
5.46
5.6
65
NT
NT
7.11
65
6.4
6.4
6.4
6.8
6.8

Sulphate Landfill

SLID
SL6

63
6.1

Other Plant Wells

B-3 5.0
IW-4 5.4
IW-11
BR-1 1331

Conductivity
(janhos)

7500
117

1356
206
100
500
121
300
100
400
300
250
200

194
2,822

8.54
4.75

8,590

Temperature

92
11,6
10.4
115
NT
NT
13.1
7.0
7.0
8.0
8.0
10.0
8.0

12.2
113

12.8
125

9.0

Sample Identification

W-921116-JM-106
W-921116-JM-107
W-921112-JM-087
W-921112-JM-066
W-921217-JM-130
W-921217-JM-131
W-921117-JM-120
W-930420-MJ-003
W-930420-M]-004
W-930420-MJ-001
W-930420-MJ-OQ2

W-930507-JM-01 /MS/MSD
W-930507-JM-02

W-921109-JM-055
W-921109-JM-054

W-921110-JM-072
W-921110-JM-068
W-921110-JM-073
W-921119-JM-119

Analysis
Parameters

SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL
SSPL

SSPL
SSPL
SSPL
SSPL

Notes:

(1) Sampling conducted on monitoring wells installed after November 19,1992 have been included as part of the Second Round
Groundwater Sampling Event

SSPL include TCL VOCs, SVOCs, Pesticides, TAL parameters, 244TM1P, 244TM2P, ammonia, chloride and sulphate.
Hex analysis parameter is hexavalent chromium.
Duplicate (DUP).
Matrix Spike (MS).
Matrix Spike Duplicate (MSD).



TABLE 4.12

FIRST ROUND SURFACE WATER SAMPLING SUMMARY
WILMINGTON FACILITY

First Round Surface Water (AuvustSI - September*. 7992)

Location
JJ3.

pH Conductivity

SW-1
SW-2
SW-3
SW-4
SW-5
SW-6
SW-7
SW-8
SW-9
SW-10
SW-11
SW-12
SW-13
SW-14
SW-15
SW-16
SW-17

7.40
752
751
7.37
632
6.67
620
7.10
7.10
730
7.00
6.80
6.60
6.40
5.70
5.00
5.10

SW-18
SW-19
SW-20
SW-21
SW-22

5.80

318
332
380
381
389

1,235
1,685
1,497
1,366
1,382
1,489
1,160
1,252
1,151
1,375
3,980
2,000

364

Temptrahtn Sample Identification Analysis
(°O Parameters

20.7 W-920831-JM-120 SSPL
21.3 W-920831-JM-I19 SSPL
23.2 W-920831-JM-118 SSPL
245 W-92D831-JM-117 SSPL
25.0 W-920831-JM-115 SSPL
20.6 W-920831-JM-116 SSPL
165 W-920901-JM-121 SSPL
722. W-920901-JM-122 SSPL
19.7 W-920901-JM-123 SSPL
19.0 W-920901-JM-125 SSPL
19.8 W-920901-JM-124 SSPL
19.4 W-920902-JM-133 SSPL
18.6 W-920902-JM-132 SSPL
20.9 W-920901-JM-126 SSPL
195 W-920902-JM-136 SSPL
25.7 W-920902-JM-135 SSPL
20.7 W-920901-JM-127/128DUP/ SSPL & Hex

129 MS/130 MSD/131 KB
23.0 W-920902-JM-134 SSPL
- DRY
- DRY
- DRY
- DRY

Notes:

SSPL include TCL VOCs, SVOO, Pertiddes, TAL parameters, 244TM1P, 244TM2P, ammonia, chloride
and sulphate.
Hex analysis parameter is hexavalent chromium.
Duplicate (DUP).
Matrix Spike (MS).
Matrix Spike Duplicate (MSD).

CXAMDCU)



TABLE 4.13

SECOND ROUND SURFACE WATER SAMPLING SUMMARY
WILMINGTON FACILITY

Second Round Surface Water (November 30. 7992 - lanuan 7. 7993)

Location
ID.

SW-1
SW-2
SW-3
SW-4
SW-5
SW-6

SW-7
SW-8
SW-9
SW-10
SW-11
SW-12
SW-13
SW-14
SW-15
SW-16
SW-17

SW-18
SW-19
SW-20
SW-21
SW-22
SW-23
SW-24
SW-25
SW-26
SW-27
SW-28
SW-29
SW-30

pH

6.7
6.4
6.5
6.3
6.0
7.1

6.3
7.1
6.5
6.7
6.7
7.0
7.6
6.5
6.1
5.2
6.0

6.5
4.7
4.8
5.1
6.7
NR
7.0
7.0
6.8
7.2
6.1
6.1

Conductivity
(fihmos)

400
400
400
400
400
1,600

UOO
1,500
1,600
1,700
1,700
1,600
1,000
1,800
1,500
4,200
600

300
NR
400
400
300

1,000
NR
800
850
600
500
400
400

Temperature

9.3
9.0
9.2
9.1
9.3
73

5.8
6.0
8.2
8.6
9.1
12.3
9.5
10.4
10.3
9.1
2.8

6.0
7.0
6.8
5.6
6.0
53
NR
3.0
4.0
4.0
3.0
12.0
12.0

Sample Identification

W-921130-MJ-004
W-921130-MJ-003
W-921130-MJ-005
W-921130-MJ-002
W-921130-MJ-001

W-921201-MJ-017/018 DUP/
019 MS/020 MSD
W-921201-MJ-009
W-921201-MJ-014
W-921201-MJ-012
W-921201-MJ-010
W-921201-MJ-011
W-921201-MJ-016
W-921201-MJ-013
W-921201-MJ-015
W-921202-MJ-028
W-921202-MJ-027

W-9212024dJ-021/022 DUP/
023 MS/024 MSD
W-921202-MJ-025
W-921203-MJ-029
W-921201-MJ-008
W-921201-MJ-007
W-921201-MJ-006
W-921202-MJ-026
W-930107-JM-135
W-930325-JM-Q1
W-930325-JM-Q2
W-930325-JM-03
W-930325-JM-04
W-930420-MJ-005
W-9304204rfJ-006

Analysis
Parameters

SSPL
SSPL
SSPL
SSPL
SSPL

SSPL & Hex
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL & Hex

SSPL & Hex
SSPL
SSPL
SSPL
SSPL
SSPL

SSPL & Hex
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL
SSPL

Notes:

(1) Sampling conducted at locations after January 7,1993 have been included as part of the Second Round
Surface Water Sampling Event

SSPL include TCL VOCs, SVOCs, Pesticides, TAL parameters, 244TM1P, 244TM2P, ammonia, chloride and sulphate.
Hex analysis parameter is hexavalent chromium.
Duplicate (DUP).
Matrix Spike (MS).
Matrix Spike Duplicate (MSD).

CKA 36*1(13)



TABLE 4.14

FIRST ROUND SEDIMENT SAMPLING SUMMARY
WILMINGTON FACILITY

First Round Sediment Sampling (Auptst 31 - September 2.1992)

Location Sample Identification Analysis
LD. Parameters

.SW-1 SED-920831-MJ-006 SSPL
SW-2 SED-920831-MJ-005 SSPL
SW-3 SED-920831-MJ-004 SSPL
SW-4 SED-920831-MJ-003 SSPL
SW-5 SED-920831-MJ-001 SSPL
SW-6 SED-920831-MJ-002 SSPL
SW-7 SED-920901-MJ-007 SSPL
SW-8 SED-920901-MJ-012 SSPL
SW-9 SED-920901-MJ-011 SSPL
SW-10 SED-920901-MJ-014 SSPL
SW-11 SED-920901-MJ-013 SSPL
SW-12 SED-920902-MJ-021 SSPL
SW-13 SED-920902-MJ-020 SSPL
SW-14 SED-920901-MJ-015 SSPL
SW-15 SED-920902-MJ-025 SSPL
SW-16 SED-920902-MJ-024 SSPL
SW-17 SED-920901-MJ-016/017DUP/ SSPL & Hex

018 MS/019 MSD
SW-18 SED-920902-MJ-023 SSPL
SW-19 SED-920902-MJ-022 SSPL
SW-20 SED-920901-MJ-008 SSPL
SW-21 SED-920901-MJ-009 SSPL
SW-22 SED-920901-MJ-010 SSPL

Notes:

SSPL include TCL VOCs, SVOCs, Pesticides, TAL parameters, 244TM1P, 244TM2P, ammonia,
chloride and sulphate.
Hex analysis parameter is hexavalent chromium.
Duplicate (DUP).
Matrix Spike (MS).
Matrix Spike Duplicate (MSD).



TABLE 4.15

SECOND ROUND SEDIMENT SAMPLING SUMMARY
WILMINGTON FACILITY

(1)
Second Round Sediment Sampling (November 30. 7992 - January 7.1993}

Location Sample Identification Analysis
ID. Parameters

SW-1 SED-921130-MJ-004 SSPL
SW-2 SED-921130-MJ-003 SSPL
SW-3 . SED-921130-MJ-005 SSPL
SW-4 SED-921130-MJ-002 SSPL
SW-5 SED-921130-MJ-001 SSPL
SW-6 SED-921201-MJ-017/018DUP/

019 MS/020 MSD SSPL & Hex
SW-7 SED-921201-MJ-009 SSPL
SW-8 SED-921201-MJ-014 SSPL & Hex
SW-9 SED-921201-MJ-012 SSPL
SW-10 SED-921201-MJ-010 SSPL
SW-11 SED-921201-MJ-011 SSPL
SW-12 SED-921201-MJ-016 SSPL
SW-13 SED-921201-MJ-013 SSPL & Hex
SW-14 SED-921201-MJ-015 SSPL
SW-15 SED-921203-MJ-028 SSPL
SW-16 SED-921202-MJ-027 SSPL & Hex
SW-17 SED-921202-MJ-021 /022 DUP/

023 MS/024 MSD SSPL & Hex
SW-18 SED-921202-MJ-025 SSPL
SW-19 SED-921203-MJ-029 SSPL
SW-20 SED-921201-MJ-008 SSPL
SW-21 SED-921201-MJ-007 SSPL
SW-22 SED-921201-MJ-006 SSPL
SW-23 SED-921202-MJ-026 SSPL & Hex
SW-24 SED-930107-MJ-001 SSPL
SW-25 S-930325-JM-01 SSPL
SW-26 S-930325-JM-02 SSPL
SW-27 S-930325-JM-03 SSPL
SW-29 SED-930420-MJ-OOl SSPL
SW-30 SED-930420-MJ-OOl SSPL

Notes:

(1) Sampling conducted at locations after January 7,1993 have been included as
part of the Second Round Sediment Sampling Event

SSPL include TCL VOCs, SVOCs, Pesticides, TAL parameters, 244TM1P, 244TM2P, ammonia,
chloride and sulphate.
Hex analysis parameter is hexavalent chromium.
Duplicate (DUP).
Matrix Spike (MS).
Matrix Spike Duplicate (MSD).

CRA3M3(13)



TABLE 4.16

SUBSURFACE SOIL SAMPLING SUMMARY
WILMINGTON FACILITY

Borehole Depth
Location ID (ft bgs)

BH01 6-8
BH02 6-8
BH03 6-8
BH04 6-8
BH05 6-8
BH06 4-6
BH07 4-6
BH08 4-6
BH09 4-6
BH10 4-6
BH11 4-6
BH11 10-12
BH12 4-6
BH13 8-10
BH14 4-6
BH15 8-10
BH16 4-6
BH17 8-10
BH18 4-6
BH19 5-7
BH20 10-12
BH21 8-10
BH22 8-10
BH23 4-6
BH24 4-6
BH25 4-6
BH26 7-9
BH27 4-6
BH28 4-6
BH29 4-6
BH30 8-10
BH31 3-5
BH32 4-6
BH32 4-6
BH33 6-8
BH34 6-8
BH35 6-8
BH36 4-6
BH37 4-6
BH38 3-5
BH39 4-6
BH40 4-6
BH41 10-12

Notes;

ft bgs - feet below ground surface

Sample
Date

(mmJdd/yy)

06/05/91
06/05/91
06/05/91
06/06/91
06/06/91
06/06/91
06/06/91
06/06/91
06/06/91
06/06/91
06/07/91
06/07/91
06/10/91
06/10/91
06/10/91
06/10/91
06/10/91
06/10/91
06/10/91
06/11/91
06/10/91
06/10/91
06/10/91
06/10/91
06/10/91
06/10/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
06/11/91
02/06/91
02/06/91
02/06/91
02/06/91
02/06/91
11/02/92

CXA3M3(13)



TABLE 4.17 Page 1 of 2

SURFACE SOIL SAMPLING SUMMARY
WILMINGTON FACILITY

Surface Soil
Location

Sample
Date

(mm/dd/yy) Analysis

Grid locations

AREA 01
SE Corner
SW Comer
NW Comer
NE Comer

07/08/91
07/08/91
07/08/91
07/08/91

SSPL

AREA 02
SE Comer
SW Comer
NW Comer
NE Comer

07/09/91
07/09/91
07/09/91
07/09/91

SSPL

AREA 03

AREA 04

AREA 05

AREA 06

AREA 07

SE Comer
SW Comer
NW Comer
NE Comer

SE Comer
SW Corner
NW Comer
NE Comer

SW Comer
NW Comer
NE Comer
SE Comer

SW Comer
.NW Comer
NE Comer
SE Comer

SE Comer
SW Corner
NW Corner
NE Comer

07/09/91
07/09/91
07/09/91
07/09/91

07/09/91
07/09/91
07/09/91
07/09/91

07/09/91
07/09/91
07/09/91
07/09/91

07/09/91
07/09/91
07/09/91
07/09/91

07/09/91
07/09/91
07/09/91
07/09/91

SSPL

SSPL

SSPL

SSPL

SSPL

CRAMO03)



TABLE 4.17 Page 2 of 2

SURFACE SOIL SAMPLING SUMMARY
WILMINGTON FACILITY

AREA 08

AREA 09

AREA 10

Surface Soil
Location

SE Comer
SW Comer
NW Corner
NE Comer

Southernmost
2nd Southernmost
2nd Northernmost

Northernmost

SW Comer
NW Comer
NE Comer
SE Comer

Hand Auyer Locating*;

SWMUNo.25
SWMUNo.27
SWMUNo.30
SWMUNo.33

Background Locations

BH-41

Notes

Sample
Date

(mmJddJyy)

07/09/91
07/09/91
07/09/91
07/09/91

07/09/91
07/09/91
07/09/91
07/09/91

07/09/91
07/09/91
07/09/91
07/09/91

05/07/93
07/30/91 - 04/22/93

07/30/91

Analysis

SSPL

SSPL

SSPL

11/02/92

SSPL
SSPL and Hex

SSPL
SSPL

TCLPAHs,TAL
parameters

SSPL include TCL VOCs, SVOCs, Pesticides, TAL parameters, 244TM1P, 244TM2P,
ammonia, chloride and sulphate.
Hex analysis parameter is hexavalent chromium.
TCL PAHs is TCL polynudear aromatic hydrocarbons.



TABLE 4.18

SUMMARY OF DETECTED PARAMETERS
TOWN WELL SAMPLES

WILMINGTON FACILITY

ParameterlWell

Volatile Orj antr* (uf/Ll

Vinyl chloride
Methylene chloride
trans-li-Dichloroetrtene
1,1-Dichloroethane
Cis-U-Dichloroethene
Chloroform
1,2-Dichloroethane
Benzene
Trichloroethene
Bromodichloromethane
Dibronvochloromethane
Tetrachloroethene
Chlorobenzene
Napthalene

Priority Pollutant Smiivolatile Orpn

Phenol
13-Dichlorobenzene
Diethylphthalate
bis(2-EthyIhexyl)phthalate

Metals (mp/L)

Aluminum, Total
Arsenic, Total
Barium, Total
Copper, Total
Iron, Total
Lead, Total
Manganese, Total
Sodium, Total
Zinc, Total

Other Compounds (mg/L)

Chloride
Nitrate as N
Nitrite as N
Nitrogen. Total Kjeldahl as N
Nitrogen- Ammonia as N
Sulfate

Butters
Row
n

0.24J
LIB
0.28
0.20
33

ND(0.26)
0.10J
0.11J
1.5

ND(0.20)
ND(0.16)
ND(0.20)

024
MB

ics luf/I)

ND(10)
ND(10)

5J
ND(10)

ND(0.10)
0.010
0.026
0.027
3.9

ND(0.005)
0.73
50

0.028

74
ND(0.050)

0.050
2.1
2.1
54

Butters
Row
«1A

037]
1.7B

ND(0.17)
0.16)

12
ND(0.26)
ND(0.21)
ND(039)

0.22
ND(0.20)
ND(0.16)
ND(0.20)
ND(0.20)

0.46B

ND(10)
ND(10)
ND(10)
ND(10)

ND(0.10)
ND(0.005)

0.023
ND(0.025)

7.9
ND(0.005)

0.27
37

ND(0.aZ5)

64
0.35

ND(0.050)
0.45
O35
40

Town
Park

ND(0.40)
1.7B

ND(0.17)
ND(0.18)

2
ND(076)
ND(0.21)
ND(OJ9)

2.7
ND(020)
ND(0.16)

0.16J
ND(0.20)

0.26JB

ND(10)
ND(10)
ND(10)
ND(10)

0.14
ND(0.005)

0.026
ND(0.025)

4.0
ND(0.005)

0.48
40

ND(0.025)

72
0.53

ND(0.050)
0.44
034
27

Chestnut
Street
n

ND(0.40) / ND(0.40)
MB / MB

ND(0.17) / ND(0.17)
ND(0.18) / ND(0.18)

52 1 52
ND(0.26) / ND(0.26)
ND(0.21) / ND(021)
ND(039) / ND(OJ9)

5.0 / 4.8
ND(OiO) / ND(OiO)
ND(0.16) / ND(0.16)
ND(0^0) / ND(0^0)
ND(070) / ND(OiO)

0.19JB / 0.10JB

ND(10) / ND(10)
ND(10) / U
ND(10) / ND(10)

12B / ND(10)

ND(0.10) / ND(0.10)
ND(0.005) / ND(0.005)

0.020 / 0.020
ND(0.025) / ND(0.025)

1.97 15
0.006 / ND(0.005)
0.76 / 0.75

47 / 47
0.035 / ND(0.025)

71/71
ND(0.050) / 0.18
ND(0.050) / ND(0.050)

a72/ 056
033 / 0.40

22/31

Chestnut
Street
#M

ND(0.40)
2.7B

ND(0.17)
ND(0.18)

021
2.6

ND(O^l)
ND(0.39)

0.51
ND(0^0)
NP(0.16)
ND(0^0)
ND(0.20)

1.2

ND(10)
U

ND{10)
3J

ND(O.IO)
ND(0.005)

0.013
ND{0.025)

O25
ND(0.005)

0.020
25

ND(O.Q25)

41
ass

ND(0.050)
0.60

ND(0.10)
19

After
Treatment

ND(0.40)
1.7B

ND(0.17)
ND(0.18)

37
0.95B

ND(Oil)
ND(039)

022
0.61
022

ND(O^O)
ND(O^O)

0.1 5 JB

U
ND(10)
ND(10)
ND(10)

ND(0.10)
ND(0.005)

0.014
ND(OXI25)
ND(OU25)
MD(0.005)

0.015
36

ND(OXQ5)

59
ND(0.050)
ND(0.050)

053
ND(0.10)

57

Notes:

J - indicates an estimated value - detected at concentrations greater
than MDL but less than PQL

B - indicates detection in method blank
/ -indicates results of duplicate analysis



TABLE 5.1

BEDROCK JOINT AND FRACTURE ORIENTATION MEASUREMENTS
WILMINGTON FACILITY

fracture/Joint
Strike (Compass Bearing) Dip/Angle Dip Direction

48° 45° N
55° 70° N
5° 40° N
30° 74° N
39° 78° N
40° 88° N
32° 70° N
50° 45° N
50° 65° N
290° 74° S
45° 45° N
35° 70° S

CRA 303(13)



TABLE 6.1

NATURAL BACKGROUND LEVELS OF METALS IN SOILS FOR THE EASTERN UNITED STATES
WILMINGTON FACILITY

Element Range in PPM Reference Notes

Aluminum-Al 10,000-300,000 1,2,5
Antimony - Sb 1.25-10 3,4,5
Arsenic-As 0.1-73 1,2,4,5
Barium-Ba 10-3,000 1,2,4,5
Beryllium - Be 0.1 - 40 1,2,4,5
Cadmium - Cd 0.01 - 0.70 1,2,4 A
Chromium - Cr 1 -1000 ' 1,2,4,5
Copper-Cu <1-700 U,4^ B
Iron-Fe 7000-550,000 1
Lead-Pb 2-300 1,2,4,5
Lithium - Li 5-200 1,2,4
Magnesium-Mg 600-6,000 U
Manganese - Mn 12 - 7,000 1,2,4,5
Mercury-Hg 0.01-3.4 1,2,4,5 C
Nickel - Ni 5-700 1,2,4,5
Potassium - K 50 - 37,000 1,5
Selenium - Se 0.1 - 3.9 1,2,4,5
Silver-Ag 0.01-5 U,4
Thallium - Tl no ranges reported
Vanadium - V 20-500 1,2,4
Zinc-Zn 5-2,900 U,4,5

Notes:

A - Cadmium has been reported through many studies in the 1 to 10 ppm range consistantly.
NUS QNSH reported 0.27 to 33 ppm with a mean of 6.3; background in New Jersey is reported at
1 to 4 ppm; up to 3 ppm in Somerville (Boynton Yards 21E). It should also be noted that usually
less than 10% of the samples have detectable concentrations of Cd.

B - Although given a range in the Eastern US up to 700 ppm, copper by most researchers does not
usually exceed 200 ppm, with most reporting 100 ppm or less. For a site in Wobum (Whitney Barrel),
with 23 soil samples, copper ranged from 3 to 39 ppm.

C - Mercury is another element that is given a higher natural range (3.4 ppm) for the Eastern US by one
researcher (ref. *5) than the others (03 ppm). Soils analyzed from QNSY, Boynton Yards, and
Whitney Barrel all have reported concentrations of less than 1.0 ppm.

References!

1. Dragun. lames 19BR. The Soil fhcmisfcry of HaTjvrdous Ma\«»npls Hazardous Materials Control
Research Institute, Silver Spring, MD.

2. Lindsay .-W;L--1979.-Criemical Equilibria in Sorts. John Wiley and Sons, New York.

3. Bown, H.J. 1966. Trace Element* in Biochemistry. Academic Press, New York.

4. Brooks, RJM977 Pollution through Trace Elements. In Environmental Chemistry. Brockis. I.
CCM, ed. Plenum Press, New York.

5. Shacklette, H.T. and Boerngen, J.C. 1984. Element Concentrations in Soils and Other Surface
Materials in Conterminous United States. U.S. Geological Survey Professional Paper 1270.
US. Government Printing Office, Washington.
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TABLE 62

SPECIFIC GRAVITY ANALYSIS SUMMARY
WILMINGTON FACILITY

Well
ID.

Shallow Monitoring Wells

GW-27S
GW-43S
GW-44S
GW-45S
GW-50S
GW-58S
GW-59S
GW-62M
GW-66S
IW-4

Average

Deep Monitoring Wells

GW-27D
GW-36
GW-37
GW-40D
GW-42D
GW-43D
GW-44D
GW-45D
GW-50D
GW-58D
GW-59D
GW-62BR
GW-66D
GW-70D

Specific
Round 1

1.005
1.005

— :
1.005
1.016
0.991
1.010
1.000
1.023
0.986

1.005

1.005
1.091
1.089

0.989/1.008
1.116/1.10
1.035/1.015

1.051
1.061

1.015/1.002
1.002

1.068/1.048
1.004
1.004
1.044

Gravity (gltnL)
Round 2

1.022
1.032
1.022

—1.004
1.005
1.003

—
—-

1.015

1.052_

—1.023
1.118
1.021
1.083
1.051

—1.017
1.050
1.029

—
-

Average 1.039 1.049
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figure 1.15
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500-Year Flood Boundary

100-Year Flood Boundary

Zone Designations*
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500-Year Flood Boundary
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POWER COMPANY
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"Referenced to the National Geodetic Vert ical Datum of 1929

SOURCE:
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COMMUNITY-PANEL NUMBER 250227 0002 B
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figure 2.2
FLOOD BOUNDARIES

WILMINGTON FACILITY
0/fn Corporation

3683 (13) MARCH 05/93 REV.O (W)
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figure 2.4
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figure 2.5
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O/fn Corporation
3683 (13) JUNE 11/93 REV.1 (W)
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figure 3.1
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figure 3.3
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PUMP : SINGLE STAGE 500 QPM @ 104' TDH
SPECIFIC CAPACITY : 50 GPM/FT
AUGUST. 1991 (AT END OF 41 HR TEST)

PITLESS ADAPTER : MODEL NO. MB HO
WITH FLOW METER

MOTOR : 20 HP; 6"; 460 VOLT; 3 PHASE

5C
nomine MHO

GRAVEL PACKED WELL 1A
CHESTNUT STREET

WILMINGTON, MA
AUGUST, 1991

Dulr«»n*-H»ivy, Inc.
W.tltord. Ma

SCALE : HORIZ. 1/2' » T-0
VERT. 3/16" = V-0
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WILMINGTON

Chestnut Street

Log of 8" Well No. 2

0-10' Brown coarse gravel

10' - 22' Brown sand

22' - 46' Brown coarse gravel
Stopped at 46!-0"

Set 80 slot screen at 46'-0"

Pumped 500 g.p.m. with 5' of d.d in 8" well,
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Town of Wilmington • Aquifer Protection Study • June 1990

Table 7.1
WILMINGTON WATER TABLE ELEVATIONS

r
p
r
i
i
I
t
\
i

Well

Aldrich Road
1
2
3

Barrows
Wellfield

1
Brown's
Crossing ,

j*- v ^^^

X 2 ^ \
Butter's Row >

1 /
>~=«C

Chestnut St. \
1 N
1A /
2 /
3 /

v 4^x/
Salem St.

1
2

Shawsheen Ave.

^4-̂ .^^A
Town Park]

1 X
^PiejBBrteters

PZ-1
PZ-2
PZ-3
PZ-4
PZ-5
PZ-6
PZ-7
PZ-S
PZ-9
PZ-10
PZ-11
PZ-12
PZ-13
PZ-14
PZ-15

Well
Elevation

105.43
105.83
107.41

75.79

7651

87.81
79.79

84.81
8151
81.18
8126
82.16

76.13
76.71

99.13
9751

8133

75.78
7833
7939
8224
9778
9073
7659
74.74
98.42

107.47
9929
8431
84.08

11127
8155

Water
Depth

11/16/89

420
4.60
620

2.40

8JOO

12^0
530

3^5
3J5
325

7.40
11.40

470
350

450

Water
Elevation
11/16/89

10123
10123
10121

7339

68.91

7521
74.49

81.16
77.76
7753

68.73
65.13

94.43
94.41

76.43

Water
Depth
1/18/90

436
4.84
637

759

1531
826

459
4.70
4.18
4.16
5.63

9.17
13.17

529
351

424
1/9/90
Ij62
157
1.40
1.41
3.41
1-85
253
075
175
139
122
2.45
251
330
2.63

Water
Elevation
1/18/90

101.07
10059
101.03

75.79

68.92

7250
7153

8022
76.81
77.00
77.10
7653

6656
6354

93.84
94.00

77.09
1/9/90

74.16
76.96
77.99
80.83
93.87
8838
74.06
73.99
96.67

10608
98.07
81.86
81.17

10757
78.92

NOTE: Water levels measured in feet
Wells and piezometers surveyed to NGVD

ic?« • Page 16



Regular
THE COMMONWEALTH OF MASSACHUSETTS

DEPARTMEKT OF ENVIRONMENTAL QUALITY ENGINEERING

WATER SUPPLY ANALYSIS img/ per liter)) '

WiLnijrxjton ^ ̂
• Vieira

SOURCE A Tub. Vtells Brown's Crossing - 342 01G
SOURCE B " " Barrow's - 342-02G
SOURCE c c.P Well, Chestnut St. - 3Q2-03G
SOURCE D " " " Itwn Park Vtell - 3tt2-0«C
SOURCE E " " " Shawsheen Ave. - 3U2-05G
SOURCE P " " " Butters Bow-*«-2 - 313-06G

A B

SAMPLE NO.

DATE OF COLLECTION

DATE OF RECEIPT

TURBIDITY

SEDIMENT

COLOR

ODOR

PH

ALKALINITY-TOTAL (CaCO3 )

HARDNESS(CaC03)

CALCIUM (Ca)

MAGNESIUM (Mg)

SODIUM (Na)

POTASSIUM (K)

IRON(Fe)

MANGANESE (Mn)

SULPATE(S04)

CHLORIDE (Cl)

SPEC. COND. (mlcromhos/cm)

NITROGEN (AMMONIA)

NITROGEN (NITRATE)

..if ROC EN (NITRITE)

| COfPER(CU>

1 — — — — ~ — , ......

573462

H/l/86
«/l/86

0.2

0

0
0

6.0

20

56

16. i
3.9

12.
2.0

.11

.20

13

70
330

0.03

1.3

<.002

<.02

«63

3.0

0

10
0

6.3

38

78

2ft.
4.4

50.

2.0

.29

.78

10

90
U12

0.06

0.9

.005

.32
^

(I6U

l.«

0

25
0

C.I

28

55

16.
3.7

27.

1.6

.73

.35

29'

IKT
250

"0.1V

0.1

<.002

.26

'165

3.0

0

10
0

G.O

26

77

2«.
U.2

37.

2.0

1.1

.42

. 'JO

67

357

0.22
O.G

<,002
.01

4GC

5.1

0

27
0

G.O

23

•10

11.
3.0

10.

1.5

.30

.21

22

20

ino
O.OG

1.2

.001

,3C

UC.7

*

2.5

0

30
0

G.O

23

68

20.
1.5

30.

2.2

3.8 I
.23

17

54

300

0.12

0.2

<.002

<.02

I



Regular THE COMMONWEALTH or MASSACHUSETTS

DEPARTMENT OF ENVIRONMENTAL QUALITY

WATER SUPPLY ANALYSIS (mg/ per liter)

COLLECTOR

Wilmington

Viera

II «

» II

II II

ii n

SOURCE A .p^ vfells, Brown's Crossing - 342-01G *
SOURCE D G>Pt Vfell/ chestnut St. - 342-03G ^

11 Ttown Park Well - 3U2-OUG "
Shawsheen Ave - 342-05G ^
Butters Row - 2 - 342-07G I/
Salem St. - 342-08G t/A B C

SOURCE C
SOURCE D
SOURCE E
SOURCE f

II
II
H

SAMPLE NO.

DATE OF COLLECTION

DATE OF RECEIPT

TURBIDITY

SEDIMENT

COLOR

ODOR

pH

ALKALIN1TX-TOTAL (CaCO3)

HARDNESS (CaC03)

CALCIUM(Ca)

MAGNESIUM (Mq)

SODIUM(Na)

POTASSIUM (K)

IRON(fe)

MANGANESE (Mn)

SUI,FATE{SO4)

CHLORIDE (Cl)

SPEC. COND. (micromhos/cm)

NITROGEN (AMMONIA)

NITROGEN (NITRATE)

..i..V.OGEN(NlTl«TE)

CUi'l'ER(Cu)

L ..
— _

576393

3/2«/87

3/2V87

0.6
0
5
0

6.1

22

65 j
19.

4.2

H7.
2.7

.23

.31

15
85

369

n n*
0.9

<.002

<.03

394

2.6
0

30

0

7.3

U3

122
39.

5.8

as.
3.9

.33

.06

80
72

494

ft.-tt '
<0.1

.003
<.03

,••

395

8.5

0

20

0

6.3

36

77
24.

4.2

50.
3.1

2.3
,47

40
76

406

n.̂ fi

0.5
.005
<.03

396

0.3
0

10
0

6.2

32

53
15.
3.7

18.
2.6

.11

.23

23
26

214

0.05

1.6
.006
.05

397

3.9
0

27
0

6.3

36

81
24.

5.2

30.
3.1

6.0
.24

45
62

379

0.14

0.2
.007
<.03

300

5.0

0

40

0

6.3

29

57
17.

3.3

26.
2.3

1.8
.56

IB
5C

289

0.09

0.1
.006
.08



Regular THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT Of ENVIRONMENTAL QUALITY ENGINEERING

. WATER SUPPLY ANALYSIS (mg/ per liter)

Wilmington

COLLECTOR D-

A Chestnut St. Mall - 3H2-03G I/

SOURCE B G.P. Well, Town Park - 343-04G ^
SOURCE C •• » « Shawsheen Ave. - 342-05G of
SOURCE D
SOURCE E
SOURCE P

Aldrlch Well - 3U2-06G

B

SAMPLE NO.

DATE OF COLLECTION

DATE OP RECEIPT- \

TURBIDITY

SEDIMENT

COLOR

ODOR

PH

ALKALIN I TY-TOTAL (C«CO3 )

HARDNESS IC&C03)

CALCIUM (Ca)

MAGNESIUM (Hg)

SODIUM (NA)

POTASSIUM (K)

IRON(Fo)

MANGANESE(Mn)

SULPATE(BO4)

CHLORIDE (CD

SPEC. COND. (micromhofi/cm)

NITROGEN (AMMONIA)

NITROGEN (NITRATE)

.ili'KOgEN (NITRITE)

CUt'PER(Cu)

*-• ~̂ —̂——

57962B

3/25/88

3/25/88

1.2
0

35
0

6.1
26

67
20.

a.i
41.

3.7 • :

.67

.38

33

59

315 .

0.12'

0.2
<0.002

<.03
•

629 :

5.5

0

(JO

0

6.0

31

67

: 21.
3.5
55.

3.2 -:
1.1
.05

30 ••'.

65

396
0.1B

0.7
0.007

<.03
f

630

0.6
0

20
0

6.1
24

45
13.

3.0
la.
3.2 '

.14

.21

17

23

1.92

0.07

. 0.6
:<OV002

<.03
••

; 63i

• 1.5
0

10
0

6.0
13

33
10.

2.0 ;

13.

1.3

.20 .

.08

16

25

153
• <0.02

0.5 .
<0.002

<.03

i

.632

5.7
0

130
0

6.2
41

135
00.

• B-6 .
69.

5.0

3T.4
.85

;
46

. UO

574 .
. 1.38

<0.1
0.012

.̂03

633

9.6
0

90
0

6.1
32

91
27.

5.5
38.

4.0

3.2
..27

44

.63

367

0.14.

.0.3
0.003

<.03



Town of Wilmington • Aquifer Protection Study . lu

The six remaining municipal well sites consist of individual gravel-packed wel
Their completion dates, depths, and estimated specific capacity are shown in Tab
7.2. In 1981, a treatment plant was built at the Butters Row site. The discharge fro
Butters Row, Chestnut Street and Town Park are combined at the Butters R0

Treatment Plant. This treatment plant and the one at the Barrows site are discuss*
more fully in Section 9.0. The Shawsheen and Aldridge Road wells are n
currently connected to a water treatment facility and are not in regular use di
primarily to high iron and manganese concentrations in the ground water.

Table 72
WILMINGTON MUNICIPAL WELL DATA

Well
Browns Crossing

Salem Street
Barrows

Shawsheen Avenue
Aldnchjgpad-

Chfstnut-Sntert

/ Butlers Row #2 )

Screen
Depth(s)

37-72'
29-39'

30'
25'-35'
ND

31 '-36' $"l^ff
40"

42'-52'
36'-46'

Date
Installed

1927
1969
1957
1965
1966
1960
1965
1971
1979

Specific
Capacity

ND
5324
ND
39.08
19.78
116.6
225
463

51.09

The combined yield of all Wilmington's municipal wells is approximately 1
billion gallons per year. The average yield and design yield for each municipal w<
site is shown in Table 7.3. The design yield represents the designed pumpii
capacity at individual well sites and does not necessarily reflect the long term sa
yield of the aquifer.

Because of the favorable geologic conditions for ground water development in t
Wilmington area, the municipal wells for the Towns of Reading and Nor
Reading are located near the Wilmington Town line. These wells need to
considered in any analysis of Wilmington ground water conditions as they dn
water from the same aquifer system and the zones of contribution to these wells f
largely within the Town of Wilmington. The Reading Wells include: The 100 Ac
Wellfield near the main channel of the Ipswich River and two wells along Rev
Brook. The North Reading Wells include Lakeside, Route 125, Railroad bed, Cent
Street and Stickney Wells. The current pumping status and maximum design yiel
for these wells are also listed in Table 7.3. The Reading and North Reading wells ?
also shown as Figure 7.2.
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Table 7.3
MUNICIPAL WELL YIELDS

WILMINGTON

Brown's Crossing
Salem Street
Barrows
Shawsheen Avenue

^AJdricJLBoad^^
^Chestnut StreeV\

Town Park ^
Butters Row #1 I
Butters Row#2^X

-TOTAfc-
Information obtained from Paul Du

Maximum I
MGD
155
1

0.9
0.7
05
1.4
05
1.3
1.4
9.3

)esign Yield
OM
1076
700
650
500
350
950
350
900
950

6426

Average Pu
MGD
0.9
05

(05)'
(0.6)*
(05)*
05
02
0.7
0.9
3.7

mping Rale
GJM
600
350

(350)*
(383)*
(350)*

350
180
450
650

2580
ggan, Wilmington Water 4 Sewer Department, 3/9/90.

NORTH READING

Route 125
Central Street
Lakeside
Railroad Bed
Stickney

TOTAL

Maximum I
MGD
0.2
03
0.6
05

Ofnine/VOC
contamination

1.6

Jesign Yield
QM
131
250
583
312

—1276

Average ,
MGD

02
0.6
03

—1.1

'limping Rate
QM

134
382
188

—704
Information obtained from Steve Cassaza, Town of North Reading Engineer, 3/9/90.

READING

100-Acre Wellfield
2
3
13
15
66-4
B-Line
Town forest
82-20

Revay Brook
1

2
TOTAL

Maximum I
MOD

0.9
0.4
1

1.1
07
1.1
15

Offline VOC
Contamination

OS

not used
7.6

>esign Yield
OM

650
250
TOO
750
500
750

1000
_

600
_

5200

Avenge Pu
MGD

2J2

—

—_

2.2

mping Rate
GEM

1509
(Combined Yield

Not in regular use
-high sodium

levels
1509

Information obtained from Peter TaffL Reading Water Department, 3/0/90.

COMBINED TOTAL

•Not currently in use (see Section 73)
ND = No Data
MCD = Million Gallons per Day
GPM = Gallons per Minute
NA = Not Available

18.5 12902 7.0 4793
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regular THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF ENVIRONMENTAL QUALITY ENGINEERING

WATER SUPPLY ANALYSIS (ing/ per liter)

COLLECTOR

V.'liming ton

j. Viera

,;OUPCE A Tub. Veils, PS Tap - 312-010
SOURCE B C.P. Itell, Chootivut - 3112-03(1

11 " town Park - 312 01GiOURCE C
OURCE 0

1 OURCB E
OURCE F

Shav/sheen Ave. • 312-07G

Butters Itow
Salon St.

A

- 312-000

B

->
CtJ

-"Up" \

• SAMPLE NO.

1 DATE OF COLLECTION

DATE OF RECEIPT

TURBIDITY

1 SEDIMENT

COLOR

ODOR

PH

ALKALINITY-TOTAL (CaC03)

U-AD (iro/1)
HARDNESS (CflC03)

CALCIUM (Ca)

MAGNESIUM (Mg)

SODIUM (Ma)

POTASSIUM (K)

IRON(Fe)

MANGANESE I Mn)

SULFATE(S04)

CHLORIDE (Cl) '

SPEC. COND. (micromhoB/cra)

NITROGEN (AMMONIA)

NITROGEN (NITRATE!

NITROGEN (NITRITE)

COPPER (Cu)

502236

2A3/89

V13/09

3.5

0

15

0
C.O

25

<0.002

66
19.

1.3

50,
2.6

t

.49

.51

16
95

100
0.11

1.0
<0.002

<.03
•

237

0.5

0

20

0
6.0

21

<0.002

67
20.

U.2

HI.
2.6

.69

.31

r 31 •
67

338
0.191

0.2
0.002

<.03
*r

238

7.3

0

20

0

6.2

31

(̂0.00?!

98
32.

1.1

51.
2.8

6.6

.12

&?#
.'1-051

166

-u:o3i
0.5

0.003
.13

239

0.5

0

15

0

6.1

28

0.003

53
15.

3.6

20.
2.3

.38

.33

24

31

219

0.09

0.7

<0.002
.11

210

'1.0

1

10

0

6.3

61

<0.002

1CU
54.

12.

05.

6.0

7.3

1.3
\" ii
(SO

130

125

Q05
3.2

<0.1
0.010

0.3

2U1

r Tj- • i

o
3C
0

c.z
yj
0.013
CC
.?•). '

I

"? f'
~t ~ -.

3r.
2.3

n.c
.rc

20

70

332

0.13

0.1
0.003

<.03



water uepar

WATER SUPPLY
Maximum Gallons
Per Day

Maximum Gallons
Per Week

Maximum Gallons
Per Month

Average Gallons
Per Day

Average Gallons
Per Month

Total Gallons
Per Year

Annual Rainfall

imem

PUMPING STATISTICS

1981 1982 1983 1984 1985
4,2187000 4,"4507000 4,32o7SOO 4,1287700 4,193,300

24,887,000 26,692,700 26,660,900 26,093,500 24,598,300

100,441,000 101,011,700 104,475,400 100,3.96,500 101,415,100

2,901,976 3,772,883 2,980,879 2,780,674 3,024,474

88,268,441 92,488,167 90,668,408 84,578,825 91,994,400

1,059,221,300 1,108,858,100 1,088,020,900 1,014,945,900 1,103,932,800

42.82" 46.28" 57.33" 47.61" 36.38"

CONSUMPTION STATISTICS - GALLONS

;j

iii
g•**I

*?
5

.a

i

1

Residential Use* 352,998,750 363,966,930 427,627,545 413,005,845 408,518,662

Percent of Total 43.0% 44.3% 49.5% 50.6% 46.1%

Industrial Use 466,973,085 456,183,090 435,669,405 402,034,245 477,200,640

Percent of Total " 56.9% 55.6% 50.5% 49.3% 53.8%

Total Water Metered 819,971,835 820,150,020 863,296,950 815,040,090 885,719,302

Percent of Water Pumped** 77.4% 73.9% 79.3% 81% 80.2%

^Residential use includes snail commercial.users, that is, all vater passing through 5/8" meters only.

**The difference between the water pumped and the water metered, 218,213,498 gallons in 1985, represents. .
water used for flushing of vater nains, for fires and other hydrant uses, and vater lost due to breaks and
leakage throughout the system.

The Water Treatment Plant supplied approximately 50% of the total water pumped.

WATER DISTRIBUTION SYSTEM

The following new mains were constructed during 1985:

Street Length Size Hydrants

Ballardvale Street 2,080' 12" 5
Research Drive 740' 12" 1
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Ine following new mains were constructed during 1985: (continued)

Street
Flagstaff Road
Garden Avenue Ext.
McGrane Rood
Coral Street
Cobalt Street
Christine Drive
Kajin Nay
Kajin Nay
Gary Street
Crescent Street
Broad Street
Boyle Street
Albany Street
Fourth Street
Lorin Drive
Tomahawk Drive
Fairf ield Road
Grand Street
Jacobs Street

Length
650'
252'
360'
350'
270'
90'
460'
20'
40'
190'
212'
600'
550'
550'
520'
600'
175'
140'
90'

8,939

Size

6"
6"
6"
8"
6"
8"
6"
6"
6"
8"
8"
8"
8"
8"
8"
6"
6"
6"

Hydrants
2
1
1
1
1

Hydrant Relocated
1

i

24

T major activity was the initiation of the North Wilmington Water Treatment Plant. The Annual Town Meeting
« roved $6.4 million dollars for the construction of a treatment facility for the Salem Street well, Barrows
* iIfield and the Brown's Crossing wellfield. The plant will be built on the site of the Barrows Pumping
Station. The treatment process will be similar to the Butter's Row Treatment Plant. Design of the facility
v started by Weston and Sampson, Engineers.

I . to a reduction in pumping capacity, it was necessary to clean and redevelop three wells.

Wr~sr was supplied to Tewksbury on an emergency basis for one month.

1 . Board was represented on a Regional Planning Group with Reading and North Reading. This group will be
working jointly to protect the groundwater, which is so important to all three towns.

f iur Smith worked with the Task Force that established new regulations regarding underground storage tanks
c igned to protect the groundwater.

SEWER

1 procedure for establishing a monitoring system of industrial discharges to the sewer was initiated. This
p jgrara will be implemented in 1986 and is designed to protect the sewer pipes from corrosive liquids that
can destroy them. Because of the deterioration of a portion of the Earnes Street sewer it was necessary to
r- anstruct the portion under the railroad. The work was financed by a court settlement against the alleged
f luter.

Ihe Board worked with the Wilmington Housing Authority on the design of the sewer on Cedar Street to service
t) expansion of the Housing for the Elderly on Deming Way.

1 ; construction of the Ballardvale Street sewer began, financed by a consortium of firms in the area.

IT Board held discussions with firms interested in extending the sewer on Woburn Street.

: . assessment from the Massachusetts Water Resources Authority (MDC) increased by 781. Additional increases
can be expected.
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Water Department

WATER
The design of the North Wilmington Water Treatment was completed. The plans and specifications were •
approved by the Department of Environmental Quality Engineering. The project will be bid early in 1987. In * £
spite of a State Grant, the financial impact of the debt service will require an increase in water rates in :1 •
1987. ;

A representative of the Board continued participation with the Regional Planning Group with Reading and '*
North Reading.

An application was submitted to the Department of Environmental Quality Engineering for funding the "'•
replacement of water mains in North Wilmington. ;

The Chestnut Street well was cleaned and redeveloped to increase its capacity. t

The Water Department Rules and Regulations were revised and updated. In addition, the Special Water
Department Charges were increased. *

SEWER i
The Massachusetts Water Resources Authority sewer assessment increased 431 to $255,000. '.:

Our consultants began updating our Sewer Master Plan.

The industrial discharge monitoring program was initiated. Approximately 40 industries will be tested under
this program to verify that they are meeting their discharge permits.

The construction of the Ballardvale Street sewer was completed, financed entirely by private industry.

The contract for the construction of the Cedar Street sewer was signed. This sewer will tie Deming Way
Housing for the Elderly into the town's sewer system.

Two (2) applications (Project Information Forms) were submitted to the Division of Water Pollution Control
for funding sewer extensions.

The license of one septage hauler to use the septage dumping station was suspended for violation of Sewer
Department regulations.

IN APPRECIATION
After 31 years of service to the Town of Wilmington, our Clerk of the Water and Sewer Department, Sylvia L. ' v
Bowman, retired this fall. We wish her a long and happy retirement. fT '-*

n "'
PIMPING STATISTICS

WATER SUPPLY
Maximum Gallons
Per Day

Maximum Gallons
Per Week

Maximum Gallons
Per Month

Average Gallons
Per Day

Average Gallons
Per Month

Total Gallons
Per Year

1982
4,450,000

26,692,700

101,011,700

3,772,883

92,488,167

1,108,858,100

1983
4,3267500

26,660,900

104,475,400

2,980,879

90,668,408

1,088,020,900

1984
4,1187700

26,093,500

100,396,500

2,780,674

84,578,825

1,014,945,900

1985
4,1937300

24,598,300

101,415,100

3,024,474

91,994,400

1,103,932,800

1986
5,1357700

28,474,500

110,876,900

2,966,701

90,320,492

1,082,845,900

p.
i
p.
i
p.

*
w
t

1.

W

T

\ •
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l^dr^H'>
^E»l Rainfall 46.28" 57.33" 47.61" 36.38" 41.94"

m^^^Kt'"' CONSUMPTION STATISTICS - GALLONS

adns j
ri< •
i •
v •
. J,9
;• Ti ^i

•Pp^''
^Ejldential Use* 363,966,930 427,627,545

^Kcent of Total 44.3* 49.5*

Huustrial Use 456,183,090 435,669,405
Hjpv ••
^Krcent of Total 55.6* 50.5*

Ktal Water Metered 820,150,020 863,296,950
•*•'
Kbrcent of Water Pumped** 73.9* 79.3*

413,005,845 408

50.6*

402,034,245 477

49.3*

815,040,090 885

81*
•̂!<¥f

^••Residential use includes small commercial users, that is, all water passing through
^ft,-f;

•••The difference between the water pumped and the water metered,
•Mtef used for flushing of water mains, for fires street sweeping
•to main breaks.

217,413,631 gallons

,518,662

46.1*

,200,640

53.8*

,719,302

80.2*

5/8" meters.

411,814,446

41.3*

469,455,823

58.7*

881,270,269

87.54*

in 1986, represents -
and other hydrant uses, and water lost due

.
> ^Klhe Water Treatment Plant supplied approximately 63.72* of the total water pumped.<"^T"4 1
I
1•1iJ•
••1
Mmm
1J

m
f

j *|••-

•4>
I

:. J.
§
P.;

;.
?

J

P?

E*'
EWATER DISTRIBUTION SYSTB1

Elbe following new mains were constructed during 1986:

fe! Street Length

IK-;', Pineview Road 140'
f '- Ballardvale Street 46'
K Ballardvale Street 40'
FT Fox Run Drive 970'
K Bailey Road 505'
|r Fairmont Avenue 233'
F Gloria Way 848'
k Wisser Street 173'
^ Morton Road ' 18'
fc St. Paul Street 265'
&' Garden Aven'je 94'
6- Everett Avenue 425'
! Marjorie Road 275'

Allston Avenue 240'
Lloyd Road 100'
Fifth Avenue 200'
Reno Road ' 400'
Gorham Street 600*
Chelsea Street 44'
Norfolk Avenue 185'
Newborn Avenue 300'
Plymouth Avenue 715'
Lee Avenue 450'
Perry Avenue 20'
Ohio Street 1150'
Cobalt Street 200
Winston Avenue 450'
Miles Street 250'
Jefferson Road 600'
Research Drive 900'
Ash Street 300'
Melrose Avenue 100'

11,236'
6"
8"

12"

Size

6"
6"
8"
8"
8"
6"
8"
6"
6"
6"
6"
8"
6"
6"
6"
8"
8"
8"
6"
6"
6"
6"
6"
6"
8"
6"
6"
8"
8"

12"
6"
6"

4,348'
5,988'

900'

Hydrants

3
1

2

1

1
1

1
1
1
1

1
2
1

3
1
1
1

13

-•, .

Hydrants relocated 1986 - 2 Woburn Street and Keiman Avenue.
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Water & Sewer Department

WATER
Bids were received for the Edmund H. Sargent Water Treatenent Plant in North Wilmington. The low bid was
$4.9 million. Bids for the connecting water mains will be received in 1988. The State will be providing
the Town with a grant of approximately $2.8 million. A Ground Breaking Ceremony was held on June 6, 1987.
It is expected that the plant will be put into service in early 1989.

An aquifer stud/ was initiated to define the Town's aquifer and the recharge areas around our wells.

Inspections were made on our two existing standpipes. Maintenance work will be needed at the Nassau Avenue
tank in 1988.

Din engineer was hired to undertake a "Water Master Plan Study". In addition, we authorized the design of a
iew 3 million gallon storage tank to be located in the Town Forest in North Wilmington.

The granular activated carbon at the Butters Row Water Treatment Plant was replaced at a cost of $41,000.

Water rates were Increased on July 1, 1987 to finance the bond payments for the new water treatment plant.
This was the first rate increase since 1979. Future rate increases can be expected for future capital
expenditures as well as Increased operating costs.

Hew regulations were adopted requiring the submission of a Water Impact Report for any development that
exceeds 40,009 gallon per day of water usage. This report will be used to determine the effect the
development will have on the Town's water system.

Automatic underground sprinkler irrigation systems were banned for all new construction.

Unpaid water and sewer bills continue to be a problem, averaging $60,000 annually. It was voted to develop
a water service "interruption" policy for delinquent users. The proposed policy is being reviewed by Town
Counsel.

Commissioner Maurice "Dice" O'Neil passed away on April 19, 1987. In addition to serving on our Board, he
was also a long-time employee of the Water Department, before his retirement in 1981. James A. Ring was
appointed by the Town Manager to fill his unexpired term.

SEWHt
Our updated Sewer Master Plan was completed.

The sewer extension to service the Dealing Way Housing Project was put into operation.

Sewer rates were Increased, July 1, 1987 in conjunction with the water rate Increase.

Our sewer assessment from the Massachusetts Water Resources Authority continues to increase. This year it
was $255,872.00 *̂

WATER SUPPLY

Per Day

Maximum Gallons
Per Week

Maximum Gallons
Per Month

Average Gallons
Per Day

Average Gallons
Per Month

1983
4,3267500

PIMPINS STATISTICS

1984
4,2287700

1985
4,1537300

26,660,900 26,093,500 24,598,300

104,475,400 100,396,500 101,415,100

2,980,879 2,780,674 3,024,474

90,668,408 84,578,825 91,994,400

1986
5,1307700

28,474,500

110,876,900

2,966,701

90,320,492

1987
4,5TB7IbO

29,735,500

124,240,900

3,192,664

95,779,920
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Total Gallons 1,088,020,900 1,014,945,900 1,103,932,800 1,082
Per Year

*Includes water purchased from other systems

Annual Rainfall 57.33" 47.61" 36.38"

CONSUMPTION STATISTICS - GALLONS

Residential Use* 427,627,545 413,005,845 408,518,662 411

Percent of Total 49.51 50.61 46.11

Industrial Use 435,669,405 402,034,245 477,200,640 469

Percent of Total 50.51 49.31 53.81

Total Water Metered 863,296,950 815.040,090 885,719,302 881

Percent of Water Pumped** 79.31 811 80.21

R̂esidential use includes small commercial users, that is, all water passing through

,845,900 1,185,567,065*

41.94" 38.41"

,814,446 4̂74,675,803̂

41.31 40.711

,455,823 v Wl. 254,953

58.71 59.291

,270,269 V̂ ,109,869,"08T)

87.541 95.191

5/8"- meters.

**The difference between the water pumped and the water meter ed, 75,700,984 gallons in 1987, represents water
used for flushing of water mains, for fires street sweeping and other hydrant uses, and water lost due to
nuHn breaks.

The Water Treatment Plant supplied approximately 46.121 of the total water pumped.

WATER DISTRIBUTION SYSTEM

The following new mains were constructed during 1987:

Street Length Size

Research Road 380' 12"
Fourth Avenue 150' 6"
Fay Street 600' 6"
Silverhurst Avenue 54* 6"
Lee Street 150' 6"
Appletree Lane 1000' 8"
Cobalt Street 228' 6"
Research Drive 1200' 12"
Research Drive 900' 12"
Patches Pond Lane 1200' 8"
Towpath Drive 1350' 8"
Roosevelt Road 350' 8"
Dewey Avenue 200' 6"
Jefferson Road 400' 8"
Albany Street 173' 8"
Factory Road 1000' 6"
Blanchard Road 500' 8"
Crescent & Fall Street 200' 6"
Dexter Street 180' 8"
Valyn Lane 600' 8"
Day Street 450' 6"

11", 265'
6" 3,032'
8" 5,753'
12" 2.480*

TOTAL 11,265

Hydrants

1
1

1
2

1 Standpipe Line
3 i"i-
4
3
1
1
1

2
1
1

2
1
15
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Water & Sewer Department

WATER
The Edmund K. Sargent Water Treatment Plant is nearing completion and expects to be in service early 1989. The
water main contract relative to the new Water Treatment Plant was awarded to Tornare Construction Corporation and
construction was completed this fall.except for final paving to be completed in the spring of 1989.

The April 1988 Annual Town Meeting authorized the expenditure of 1.4 million dollars for a 3.0 million gallon
water storage tank and connecting water mains. The storage tank is to be located on Town Forest land in North
Wilmington.

A "Master Water Plan" is being designed to plan for future water needs into the year 2010.

Water Impact Studies were submitted by all developers for proposed subdivisions or commercial and industrial
developments using in excess of 4,000 gallons of water per day. These studies were reviewed to determine the
impact of the proposed development on the water requirements of the town.

The Water Department purchased the former "Cranberry Bog" property on Shawsheen Avenue. The land purchased was
approximately 60+ acres for $95,000. This property will allow for future well field development and groundwater
protection.

A water rate increase was reflected in the October 1988 water billing. This increase was necessary to cover
increased operating costs and bonding for the new water storage tank and connecting water mains.

Unpaid water and sewer charges for 1987, in the amount of $51,168.30, were committed as liens to the Tax
Collector.

SEWER

The April 1988 Annual Town Meeting authorized the expenditure of $450,000 for engineering services to design the
North/East sewer interceptor. This sewer design should be ready for review in the spring of 1989.

Sewer Master Plan has been updated to conform with zoning changes.

The Jacobs Street sewer has been completed and approved for sewer connections by the residents. :''

A sewer rate increase was reflected in the October 1988 sewer billing. Most of the sewer rate increase was due
to the sewer assessment charges from the Massachusetts Water Resources Authority. Charges for FY-89 are $389,353.

The Town of Wilmington has been notified by the Massachusetts D.E.Q.E. that all grant monies awarded to the town
are currently on "hold" but the State will honor all grants when the monies are available in the State.

It was with many regrets that the Water 4 Sewer Commissioners accepted the resignations of George R. Allan,
Chairman of the Board. George had been a dedicated member of the Board of Water ft Sewer Commissioners for 13 1/2
years prior to his resignation October IS, 1988. The Commissioners would like to extend the'ir thanks to George,
on behalf of the Board and the Town for his many years of dedicated service, his expertise will be greatly
missed. The Town Manager appointed Noel Baratta to fill the vacancy on the Board and Arthur R. Smith, Jr., was
elected Chairman of the Board.

WATER SUPPLY
Maximum Gallons
Per Day

Maximum Gallons
Per Week

Maximum Gallons
Per Month

Average Gallons
Per Day

PUMPING STATISTICS

1984 1985 1986 1987 1988
4,228,700 4,1?37500 5,130~7"00 4,ST87TOO 4,9127000

26,093,500 24,598,300 28,474,500 29,735,500 29,811,200

100,396,500 101,415,100 110,876,900 124,240,900 120,030,100

2,780,674 3,024,474 2,966,701 3,192,664 3,245,345
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Average Gallons
Per Month
Total Gallons
Per Year

84.578.825 91.994,400 90,320.492 95.779.920 . 98.712.S6S

1,014,945,900 1,103,932,800 1,082,845,900 1,185,567,065 1,184,550,563*

•Includes water purchased from other systems

47.61" 36.38" 41.94" 38.41" 36.10"

CONSUMPTION STATISTICS - GALLONS

Annual Rainfall

Residential Use*

Percent of Total

Industrial Use

Percent of Total

Total Water Metered •

Percent of Water Pumped**

•Residential use includes snail commercial users, that is, all water passing through 5/8" meters.

**The difference between the water punped and the water metered, 274,135,372 gallons in 1988, represents water
used for flushing of water mains, for fires street sweeping and other hydrant uses, and water lost due to Bain
breaks.

The Butters Row Water Treatment Plant supplied approximately 49.64* of the total water punped.

WATER DISTRIBUTION SYSTEM

413.005,845

50. 6*

402,034,245

49.3*

815,040,090

81*

408,518,662

46. U

477,200,640

53. 8t

885,719,302

80.2*

411,814,446

41.3*

469,455,823

58.7*

881,270,269

87.54*

474,675,803

40.71*

631,254,953

59.29*

1,109,869,081

95.19*

432,331,418

47.64*

470,317,313

51.83*

907,415,379

76.60*

The following new mains were constructed during

Street
Research Dr i ve
Ohio Street
Tracey Circle
Ash Street
Quail Run
Earles Row
Allenhurst Drive
Mather Street
Winston Avenue
Fenway Road
Rollins Road
Blanchard Road

New water wains constructed in conjunction with

Sal en Street (Route 62)
Noburn Street to WTP I/N Easement
Wobum Street to Easement
Brown's Crossing P.S. to Route 62

1988:

Amount
360'
135'
700'
600'
550'

1900'
1200'

200'
300'
225'
225'
229'

"&7F

E. H. Sargent

950'
I860'
5660'
1496'
9966'

Size
T71-

8"
8"
6"
8"
8"
8"
8"
6"
8"
8"
8"

900 '-6" Main
S364'-8" Main

360' -12" Main
"SSTF TOTAL MAINS

Water Treatment Plant.

8"
16"
16"
12"

"W- 8" Main

Hydrants

1
2
1
1
3
3
1
1
0
0
1

TT

2
0
4
2

14
1496'-12" Main
7S20'-16" Main
955F TOTAL MAINS

Total Water Mains Installed during 1988 - 16,590' or 3.14 miles
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Water & Sewer Department

UATER
Tht Edmund H. Sargent Utter Treatment Plant was put into »crvict on May 2, 1989, with all state approvals :
being Mt. !

An open house was held on September 16, 1989. The open house was attended by many neighborhood residents
»nd Utter Department personnel.

The contracts for the 3.0 Million gallon utter storage tank and connecting water Mint were awarded.

Except for landscaping the tank is complete and uas put into full service December, 1989.

The Water Department has obtained the services of a consulting firm to study and prepare "Aquifer Protection
Zoning By-Laws" to be adopted at the Annual Town Meeting (1990).

Hany "Utter Impact Reports" uere reviewed for proposed sub-divisions.

Unpaid water and sewer bills for 1988, in the amount of S52.941.02, were committed as liens to the Tax
Collector. . "

1
SEUER

The Northeast Sewer Interceptor design is still ongoing. Survey work on private property is being done
where access permission has been obtained.

Nine hundred feet of sewer interceptor has been cleaned In the South Main Street area.

Approximately 2,200 feet of sewer is to be constructed in Httn Street, from the junction of Route 38 and
Route 129 to Cross Street. Construction is expected to start early 1990.

A sewer rate increase was reflected in the October, 1989 sewer billing. Most of the sewer rate increase was
due to the sewer assessment charges from the Massachusetts Utter Resources Authority. Charges for FT-1990
are S660.581.00.

PUMPING STATISTICS

WATER SUPPLY
Maximum Gallons
Per Day

Maximum Gallons
Per Week

Maximum Gallons
Per Month

Average Gallons
Per Day

Average Gallons

1984
4,228,700

26,093,500

100,396,500

2,780,674

84.578.825

1985
4,193,300

24,598,300

101,415,100

3,024,474

91.994.400

1986
5,130,700

28,474,500

110,876.900

2,966,701

90.320.492

1987
4,518.100

29,735,500

124,240.900

3,192,664

95.779.920

1988
4,912,000

29,811,200

120.030,100

3,245,345

98.712.563

1989
4,064,500

22,565,700

97.243,800

2,823.110

85.869.600
Per Month
Total Gallons 1,014,945,900 1,103,932,800 1.082.845,900 1,185.567,065 1,184,550,563* 1,030,435.200*
Per Year
•Includes water purchased from other systems
Annual Rainfall 47.61" 36.38" 41.94" 38.41" 36.10" 42.66"

CONSUMPTION STATISTICS - CALIPHS

Residential Use* 413.005,845 408.518,662 411,814,446 474,675,803 432,331,418 403,228,522

Percent of Total 50.6X 46.U 41.3X 40.71X 47.64X 39X

Industrial Use 402,034,245 477,200,640 469,455,823 631,254,953 470,317,313 457,822,530

Percent of Total 49.3X 53.8X 58.7X 59.29X 51.83X 44X

Total Uater
Metered 815,040,090 885,719,302 881,270,269 1,109.869,081 907,415,379 857,301,052
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THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF ENVIRONMENTAL PROTECTION

WATER SUPPLY ANALYSIS (mg/1)

PWS ID 3342000

CITY/TOWN Wilmington
COLLECTOR H. Dailey, George

SOURCE A Tub Wells - PS Tap - Browns Crossing 342-01G
SOURCE B GP Well
SOURCE C GP Well
SOURCE D GP Well
SOURCE E GP Well

Chestnut St. 342-03G
- Town Park 342-04G
- Shawsheen Ave. 342-05G
- Butter's Row 342-07g

SAMPLE NO.
DATE OF COLLECTION
DATE OF RECEIPT

lURBIDITY
SEDIMENT
COLOR
DDOR
pH
ALKALINITY-TOTAL (CaC03)
PHTH ALKALINITY

HARDNESS (CaC03)
L̂CIUM (Ca)
4AGNESIUM (Mg)
SODIUM (Na)
POTASSIUM (K)
CRON (Fe)
MANGANESE (Mn)

JULFATE (S04)
JHLORIDE. (Cl)
SPEC. COND. (micromhos/cm)
IITROGEN (AMMONIA)
riTROGEN (NITRATE)
NITROGEN (NITRITE)
"TOPPER (Cu)

586195
05/30/-90
05/30/90

0.4
1
5
0
6.1
20

64
19
3.9
48
2.8
0.35
0.59 ••

14
105
408
0.07
1.27
<0.002
0.04

586196
05/30/90
05/30/90

0.7
1
35
Dl
6.1
24

43
13
2.7
26
2.0
0.25
0.31

20
44
239
0.13
0.16
0.04
0.07

586197
05/30/90
05/30/90

3.7
1
35
0
6.1
33

74
23
4.0
35
2.9
3.5
0.57

29
65
362
0.30
0.42
0.012
0.03

586198
05/30/90
05/30/90

0.2
1
15
0
6.1
31

58
17
3.9
22
2.5
0.25
0.29

22
34
241
0.03
1.87
0.006
<0.03

586199
05/30/90
05/30/90

5.8
0
60
Dl
6.3
37

85
25
5.6
49
4.1
4.9
0.57

43
70
402
1.49
0.03
0.008
<0.03

REMARKS:



THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF ENVIRONMENTAL PROTECTION

WATER SUPPLY ANALYSIS (mg/1)

PWS ID 3342000

SOURCE A GP Well - Salem St. 342-08G
SOURCE B GP Well - |2 Butter's Row 342-09G
SOURCE C E.H. Sargent W.T.P. Finished 342-09G
SOURCE D
SOURCE E

CITY/TOWN Wilmington
COLLECTOR H. Dailey, G

C. Preble

SAMPLE NO.
DATE OF COLLECTION
DATE OF RECEIPT

TURBIDITY
SEDIMENT
COLOR
ODOR
pH
ALKALINITY-TOTAL (CaC03)
PHTH ALKALINITY

HARDNESS (CaC03)
CALCIUM (Ca)
MAGNESIUM (Mg)
SODIUM (Na)
POTASSIUM (K)
IRON (Fe)
MANGANESE (Mn)

SULFATE (S04)
CHLORIDE (Cl)
SPEC. COND. (micromhos/cm)
NITROGEN (AMMONIA)
NITROGEN (NITRATE)
MITROGEN (NITRITE)
TOPPER (Cu)

586201 .
05/30/90
05/30/90

2.6
0
35
0
6.4
27

59
18
3.4
36
2.7
2.3
0.72

17
68
313
0.10
0.08
0.008
<0.03

586202
05/30/90
05/30/90

5.6
0
25
0
6.3
33

70
21
4.5
30
3.1
5.6
0.26

32
55
341
0.25
0.29
0.008
<0.03

586203
05/30/90
05/30/90

0.1
0
0
CC1
7.2
23

81
26
4.0
48
3.1
0.08
<0.03

24
90
408
<0.2
0.95
<0.002
<0.03

REMARKS:



ALTON WELL LOGS/

AVAILABLE DATA



rcent of Uater
Pumped*• 81X 80.2X 87.SAX 95.19X 76.60X 83X

Residential use includes small commercial users, that is, all water passing through 5/8" meters.

-The difference between the water pumped and the water metered, 173,134,148 gallons in 1989, represents
water used for flushing of water mains, flushing and filling new water mains, for fires, street sweeping and
-*her hydrant uses, testing new water treatment plant before acceptance by department and water lost due to

fn breaks.

WATER DISTR1BUT10H SYSTEM

•e following new mains were constructed during 1989:

Street Amount Site
Olmstead Avenue 375' 6"
Harrietts Avenue 750' 8"
Pearl Court • 225' 6"
Crystal Road 950' 8"
Whitefield Elms 1650' 12"
Andover Street 475' 12"
Dunmore Road 300' 6"

.'. Ualtham Street 370' 6"
Upton Court 240' 12"
Hall Street 123' 8"

: Dewey Avenue 200' 6"
Naples Road 300' 6"
Second Avenue 1275' 8"
Dunton Road 234' 6"
Clark Terrace 242' 6"
New Hampshire/Rand/Garvin Road 2100' 8"
Cristo/Vermont Road 700' 8"
Amherst Road 1500' 8"
Henry L. Drive 600' 8"
Lynch Road 268' 8"
Buckingham Road ' 450' 8"
Allgrove Estates 900' 8"
Cross country for new water tank 3.100' 12"/16M

Total 17,327'

~tal water mains installed during 1989 - 17,327' or 3.14 miles
There have been 41 new hydrant added to the system

Hydrants
1
2
0
3
5

. 1
1
1
0
1
0
1
3
1
1
4
2
2
2
1
1
3
1

ill

y
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I*

I^HTATIOM Riaht front corner of building |ookin» f:

tcofd of pumrino >••< to dt««rmiM »ed»c yirtd

lEPTH OF
STRATUM

0'-8'

8'-54'

54»-67'

67 «

FORMATION FOUND EACH STRATUM

a*diun to coarae aand & gravel with

large boulder •

brown owdiun to coarse sand

gray nedlun to coarse sand
REFUSAL

Pumped 40 gpw at 66* with green water

and high iron
Pulled back to 57' with high iron
Pulled back to 3D1 and developed

OIA.TEST WE

STATIC WL Ff

STATIC WL f*

TOTAL DEPTH

DEPTH OEVELJ

RPE LEFT N 1

TYPE SCREEN

DEPTH SCftEB

DEVELOPED ^ t

30 G.P.

WATER SAMPl

DATE COLLEC

m

.

!

from ebMfvtd ., ft. In, drawdown In obi. H. oway do*
____pbwn«dL_ftWl.ln, drawdown In ee**__M. owey ot o di

ill

Specifle yield ot__jollom per loot of drawdown

. L. N. Os borne

SIGNED.



TOWN OR CITY uii.;.iiu: _SITE
(jf)f!ATIQM Ucar of BlJ^,. »c?or receiving Jock

.UATfe UWLtlttUl \

j 'TH"OF
bTRATUM

'-iy'
i.a'-24'

>'-3o'

36'

rr^- •:.

FORMATION FOUND EACH STRATUM

Bnr/m t;:cJ. to coarse sand & gravrl fr*«

ttroicn roJ. to co»»r»n pnnO & gravel fr«e

Brown fino to nicJ. sand £r««

Mot rofusnl. - high Iron content: - pulled

back to 25* and set screen & developed

Mt±t ki\i. Jnsv» /VvA»vf
J

-- -.3r̂ F?pr.-igfi==--̂ '~î v ;. ' V-#^S5S«s3te5*«r

Ja^uoji^
DIA.TEST WELL 21"

STATIC VW. FROM TOP PIPC 11(

STATIC WL FROM GROUND t1 ,

TOTAL DEPTH DRIVEN 3g,

DEPTH DEVELOPED 25'

PIPE LEFT N PLAtC 18»

FYPE SCREEN i H^S". •"*

DEPTH SCREEN SET 20
I.25>

DEVELOPED ^ RATED AT

73& G.P.M. 15MV»C

WATER SAMPLE

DATE COLLECTED

REMARKS

:̂ ^=^ ,̂ - - , .:. .

woi;

-d of tt»1 to yi«td

for 2nd, mineral te«t

•d fl.pjn fee hr. from obt«fv«d___ft̂ l«v drawdown In obt,—f I. owoy Cl fl d«pth o(—f I.

Specific yliM of gal lent p«r foot of drawdown

SIGNED



lonpure Technologies Corporar.cn
10 Technoloay Drive, Lowell, Massachusetts 01851
(800) 783-PURE (508| 934-93^

March 19, 1992

JOSEPH DATTILO
WT MANAGER
ALTRON, INC
1 JEWEL DRIVE
WILMINGTON

MGJC50854140 01043CK

MA 01837

'CUSTOMER NAME:
CUSTOMER COMPANY:
CUSTOMER CITY/STATE:
SAMPLING DATE:
SAMPLE DESCRIPTION:
WATER SAMPLE SOURCE:
BILLING INFORMATION:
IONPURE ID NUMBER:

JOSEPH DATTILO
ALTRON, INC
WILMINGTON MA
10-MAR-92
Bl CITY
RAW MUNICIPAL WELL WATER
PURCHASE ORDER NUMBER 229307-62
920530

TEST: RO/CDI TROUBLESHOOTING ANALYSIS (TEST 354 00)

CATIONS
PPM IONS PPM CaC03

ANIONS
PPM IONS PPM CaC03

Ca
Me
Na
K
PQ

Cu
Ba
Mn
Sr
Al

TOTAL

SiC2

32.10
4.14
31.85
2.90
0.008
0.04
0.02

• 0.014
0.10
0.028

(F?M SiC2)

80.25
17.06
69.43
3.71
0.02
0.06
0.01
0.03
0.11
0.156

OH
C03
HC03
SO 4
Cl
N03
F

0.00
0.00
39.02
61.50
52.80
2.90
0.00

170.84 TOTAL

Si02 (PPM AS CaC03)10.27

TOTAL HARDNESS PPM AS CaC03

TOTAL ALKALINITY PPM AS CaC03

CARBON DIOXIDE PPM AS CaC33

?K (UNITS)

0.00
0.00
32.00
63.96
74.45
2.35
0.00

172.76

6.32

32.00

ADDITIONAL SAMPLE INFORMATION:



PAGE 2

CHROMIUM = < 0.010 PPM
AMMONIA = 0.21 PPM

NOTE1: THE ABOVE RESULTS ARE REPRESENTATIVE OF THE WATER SAMPLE ON
THE DAY THE TESTS WERE PERFORMED .

THANK YCU FOR CHOOSING IONPURE TECHNOLOGIES CORPORATION,

STEVEN F. BOYER

MANAGER, WATER ANALYSIS LABORATORY

CERTIFIED LABORATORY MA070
THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF ENVIRONMENTAL PROTECTION



WA! tK ANALYblb LAbUKAl UK Y
lonpure Technologies Corporation
10 Technology Drive. Lowell. Massachusetts 01851
(800] 783-PURE (506) 934-93^9

March 19, 1992

AGJC50SE3904 010430H
JOSEPH DATTILO
WT MANAGER
ALTRON, INC
1 JEWEL DRIVE
WILMINGTON MA 01887

CUSTOMER NAME:
CUSTOMER COMPANY:
CUSTOMER CITY/STATE:
SAMPLING DATE:
SAMPLE DESCRIPTION:
WATER SAMPLE SOURCE:
BILLING INFORMATION:
IONPURE ID NUMBER:

JOSEPH DATTILO
ALTRON, INC
WILMINGTON ' MA
10-MAR-92
Bl WELL
RAW PRIVATE WELL WATER
PURCHASE ORDER NUMBER
920532

229307-62

TEST: RO/CDI TROUBLESHOOTING ANALYSIS (TEST 354 00)

CATIONS
PPM IONS PPM CaC03

ANIONS
PPM IONS PPM CaC03

Ca
Mg
Na
K
Fe
Cu
Ba .
Mr.
Sr
Al

19.07
4.11
75.70
2.55
0.011
0.01
0.05
0.950
0.14
0.036

47.67
16.93
165.03
3.26
0.03
0.02
0.04
1.73
0.16
0.200

OH
C03
HC03
S04
Cl
N03
F

0.00
0.00
29.27
188.20
116.40
13.20
0.00

TOTAL 235.07 TOTAL

Si02 (PPM Si02) 10.39 Si02 (PPM AS CaCGo)

TOTAL HARDNESS PPM AS CaC03

TOTAL ALKALINITY PPM AS CaCOS

CARBON DIOXIDE PPM AS CaCC3

pH (UNITS)

ADDITIONAL SAMPLE INFORMATION:

0.00
0.00
24.00
195.73
164.12
10.69
0.00

394.54

E.=3

64. £1

24.00

45.2 =

6.1



PAGE 2

CHROMIUM = < 0.010 PPM
AMMONIA = 53.7 PPM

NOTE1: THE ABOVE RESULTS ARE REPRESENTATIVE OF THE WATER SAMPLE ON
THE DAY THE TESTS WERE PERFORMED.

THANK YOU FOR CHOOSING IONPURE TECHNOLOGIES CORPORATION,

STEVEN F. BOYER

MANAGER, WATER ANALYSIS LABORATORY

CERTIFIED LABORATORY MA070
THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMEJIT OF ENVIRONMENTAL PROTECTION



IONPU
WAI CK. Ml NM.LI OlO L/ADWl\/-\l
lonpure Technologies Corporation
10 Technology Drive, Lowell. Massachusetts 01851
(800] 783-PURE (508) 93^-9349

March 19, 1992

JOSEPH DATTILO
KT MANAGER
ALTEON, INC
1 JEWEL DRIVE
WILMINGTON

IGJC50£5i555 C10430H

MA 01887

CUSTOMER NAME:
CUSTOMER COMPANY:
CUSTOMER CITY/STATE:
SAMPLING DATE:
SAMPLE DESCRIPTION:
WATER SAMPLE SOURCE:
EILLING INFORMATION:
IONPURE ID NUMBER:

JOSEPH DATTILO
ALTRON, INC
WILMINGTON MA
10-MAR-92
B3 CITY
RAW MUNICIPAL WELL WATER
PURCHASE ORDER NUMBER 229307-62
920529

RO/OI TROUBLESHOOTING ANALYSIS (TEST 354 00)

CATIONS
PPM IONS PPM CaC03

ANIONS
PPM IONS PPM G=C03

Ca
K?
Na
K
Fs
Cu
Ea
Mr.
Sr
Al

32.30
4.28

34.58
2.75
0.043
0.03
0.01
0.013
0.10
0.030

80.75
17.63
75.38

3.52
0.12
0.05
0.01
0.02
0.11
0.167

OK
C03
HC03
SO 4

Cl
N03
F

0.00
0.00

39.02
60.70
55.90

2.90
0.00

177.77 TOTAL

Si02 (PPM AS CaCC>3>

:QTAL

S102 (PPM SiC2) 9.53

TOTAL HARDNESS PPM AS CaC03

TOTAL ALKALINITY PPM AS CaC03

CARBON DIOXIDE PFM AS CaC03

pK (UNir5;

ADDITIONAL SAMPLE INFORMATION:

0,
0,

32,
63,

00
00
CO
13
3278

2.35
0.00

176.30

7.91

9e. 33

32.00



PAGE 2

CHROMIUM = < 0.010 PFM
AMMONIA = 0.34 PPM

NOTE1: THE ABOVE RESULTS ARE REPRESENTATIVE OF THE WATER SAMPLE ON
THE DAY THE TESTS WERE PERFORMED.

THANK YOU FOR CHOOSING IONPURE TECHNOLOGIES CORPORATION,

STEVEN F. BOYER

MANAGER, WATER ANALYSIS LABORATORY

CERTIFIED LABORATORY MA070
THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF ENVIRONMEinAL PROTECTION



WATER ANALYSIS LABORATORY
lonpure Technologies Corporation
10 Technology Drive. Lowell, Massachusetts 01851
(800) 783-PURE (508) 934-93̂ 9

March 19, 1992

JOSEPH DATTILO
WT MANAGER
ALTRON, INC
1 JEWEL DRIVE
WILMINGTON

NGJC503c3589 0104JO-

MA 01867

CUSTOMER NAME:
CUSTOMER COMPANY:
CUSTOMER CITY/STATE:
SAMPLING DATE:
SAMPLE DESCRIPTION:
WATER SAMPLE SOURCE:.
BILLING INFORMATION:
IONPURE ID NUMBER:

JOSEPH DATTILO
ALTRON, INC
WILMINGTON MA
10-MAR-92
B3 WELL
RAW PRIVATE WELL WATER
PURCHASE ORDER NUMBER
920531

229307-62

TEST: RO/CDI TROUBLESHOOTING ANALYSIS (TEST 354 00)

Ca
Mg
Na
K
Fe
Cu
Ba
Mn
Sr
Al

CATIONS
PPM IONS PPM CaC03

20.10
4.18

85.40
4 . 4 4
0.027
0.07
0.04
3.640
0.15
0.038

ANIONS
PPM IONS PPM CaC03

50.25
17.22
186.17

5.68
0.07
0.11
0.03
6.62
0.17

OH
C03
HC03
SO 4
Cl
N03
F

0.00
0.00

19.51
85.10
126.40
5.80
0.00

0.211

TOTAL 266.55 TOTAL

Si02 (PPM Si02) 9.79 5102 (PPM AS CaC03)

TOTAL HARDNESS PPM AS CaC03

TOTAL ALKALINITY PPM AS CaCO3

CARBON DIOXIDE PPM AS CaCOj

pH (UNITS)

ADDITIONAL SAMPLE INFORMATION:

0.00
0.00
16.00
86.50
173.22
4.70
O.OC

257.43

S.12

67.47

15. OC



PAGE 2

CHROMIUM
AMMONIA

< 0.010 PPM
9.6 PPM

NOTE1: THE ABOVE RESULTS ARE REPRESENTATIVE OF THE WATER SAMPLE OK
THE DAY THE TESTS WERE PERFORMED. •

TEANK YOU FOR CHOOSING IONPURE TECHNOLOGIES CORPORATION,

STEVEN F. BOYER

MANAGER, WATER ANALYSIS LABORATORY

CERTIFIED LABORATORY MA070
THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF ENVIRONMENTAL PROTECTION





APPENDIX B

LGI MAGNETOMETER SURVEY REPORT
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LGI
A Division of Layne GeoSciences, Inc.
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651 C01BY DRIVE

V.'ATRRTX)O, ONTARIO, CANADA N2VJC2

JANUARY 19

Integrated Solutions to Complex Problems



LGf

1.0 OVERVIEW

On December 10th-14*. 171h-19th, 1990 and January 7th & 8*. 1991, LGI, a division of Layne
GeoSciences, Inc., performed a magnetic investigation at the Olin Chemical facility in
Wilmington, Massachusetts (see Site Location Map). The purpose of the investigation was
to locate and delineate the extent of any buried drums and tanks within the two study areas.
At the request of the client, a magnetometer survey was selected for the geophysical

investigation.

FIGURE 1: Site Location Map



2.0 METHODOLOGY AND FIELD DESIGN

2.1 Theory and Instrumentation

The magnetic method is a non-destructive, non-invasive geophysical technique used to
detect local perturbations in the earth's magnetic field caused by buried ferromagnetic
objects. A magnetometer is the device utilized to measure the earth's natural magnetic
field. The earth's magnetic (geomagnetic) field induces magnetization in magnetically
susceptible objects/materials. The presence of such an object in the natural magnetic field
alters the field in both magnitude and direction. This induced magnetic field is
superimposed on the geomagnetic field, giving rise to regions of anomalous behavior. This
behavior is dependent on several variables, including target to sensor distance, target
material, target mass, geometry, and orientation.

For this investigation, LGI utilized a GEM-2 proton precession dual magnetometer system
or gradiometer configuration. The gradiometer system consists of two proton precession
magnetometer sensors separated vertically by 56cm. This gradiometer configuration permits
an instantaneous determination of the total magnetic field over a fixed vertical distance.
The advantages of this technique are the ability determine vertical field gradient while
being relatively insensitive to the horizontal gradient component, and eliminates the need
to re-occupy a base station. Base station re-occupation is required to correct for natural
time varying magnetic field changes (diurnal variations). Because the gradiometer
instantaneous differences between two sensors, the effect of the diurnal variation is
canceled. The features of this configuration furnish desireable characteristics when
exploring for shallow subsurface targets, and not when assisting in geologic structure
interpretation.

2.2 Field Design

In total, approximately 9,800 geophysical data points were collected. Two regions, covering
a combined area of nearly twenty acres were designated for the gradiometer survey. The
two areas encompassed the sulfate landfill, the building and operations area, and the former
lagoon area. A 5ffx5ff control grid was established by a surveyor furnished by the client.
LGI "filled-in" the control grid to complete a 25'x25' arrangement and data was collected
on a 12.5' grid pattern by bisecting the new 25'x25' grid. Locations of scrap, monitoring
wells, and other potential sources of magnetic interference were noted by the project
geophysicist during the course of data collection (see Figures 2 & 3).



Figure 2:
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Figure 3:
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LGf

4.0 DATA INTERPRETATION AND RESULTS

Values for the magnetic gradient and the lower magnetometer sensor were recorded by the
GEM-2 system and downloaded to a computer. Maps of the Total Magnetic Field and
Magnetic Gradient for each area were created by smoothing, filtering, and contouring the
data with the aid of a computer (see Figures 4 - 8).

The results of the gradiometer investigation indicated that there are strong anomalous
features within the study areas. Interpreted anomalies have been delineated and posted
on the Magnetic Gradient Interpretation Maps. The following symbol coding scheme has
been applied to Figures 9 & 10:

Symbol Code Interpretation

RED H ashed Area Possible buried drum or group of drums; anomaly shows
the characteristics of a large ferromagnetic object

YELLOW Hashed Area Buried ferromagnetic object(s); orientation may indicate
cultural source.

GREEN Hashed Area Known feature; scrap at surface, monitoring well,
building, etc.

The large anomalies (indicated in red) are extremely strong in magnitude implying that the
source is relatively shallow (less than 10' deep) and large. Yellow anomalies are oriented
in a manner that suggests a cultural source (utilities, etc.). These areas should be
considered suspicious if no utilities are known to exist hi these areas. While the anomalies
indicated in green surround known features (buildings, foundations, wells, etc.), it does not
preclude the existence of drums or other metallic objects buried beneath or in close
proximity to the feature. In addition, It was also noted during the course of data collection
that magnetic values were influenced while traversing large rock outcrops. Although these
effects are relatively minor, they may produce sizeable anomalies.

Due to the presence of strong external magnetic noise in the northern portion of the site,
anomalies in this area can only be attributed to the known surface features. Therefore,
subsurface features of concern in this area can not be interpreted from the magnetic data
alone. LGI recommends that these areas, in addition to all yellow and red coded anomalies
be investigated further. The ground penetrating radar (GPR) method provides excellent
information concerning the size and depth of subsurface features. This geophysical method
is also a non-destructive, non-invasive means of examining subsurface targets.
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6.0 CLOSING

The field procedures and interpretative methodologies used in this project are consistent
with standard, recognized practices in geophysical investigations. The correlation of
geophysical anomalies with probable subsurface features is based on the past result of
similar surveys although it is possible that some variation could exist at this site. This
warranty is in lieu of all other warranties either implied of expressed. LGI assumes no
responsibility for interpretations made by others based on work performed by or
recommendations made by LGI.
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LGI A Division of Layne GeoSciences, Inc.

6 Penn Highway • Sinking Spring. Pennsylvania 19608 • 215/670-5900 • 215/670-5903 (FAX)

April 8,1992
Project #44.2773

Mr. Jon Michels
Conestoga-Rovers & Associates Limited
1801 Old Hwy. 8, Suite 114
St. Paul, Minnesota, 55112

Subject: Soil Gas Survey at the OUn Facility in Wilmington, Massachusetts.

Dear Jon:

LGI, a division of Layne GeoSciences, Inc., is pleased to present the results of a soil gas
survey of two (2) warehouse buildings at the Olin facility in Wilmington, Massachusetts.
The survey was conducted in an attempt to delineate regions under the warehouses which
may characterize buried drum waste.

1.0 SOIL GAS SURVEY - Methodology

1.1 Concept
Soil gas monitoring is a cost effective means of delineating the size and movement of
organic contaminants in the subsurface. The objective in measuring organic gases in soil
is to map the lateral extent of soil and groundwater contamination. A constant sampling
depth is used to acquire soil gas readings across the study site. The values are then plotted
on a map and contoured. The result is a contour plot of soil gas concentrations at a
constant depth across the site. This plot should be linearly related to contaminant
concentrations in groundwater or impacted substratum.

mono-D:\MPR\PROJECr\2773.CRA\SOILGAS.RPT
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1.2 Technique
LGI conducted the soil gas survey utilizing a portable percussion hammer to install the soil
boreholes throughout the study area. A 7/8" diameter case hardened steel drill bit and
probe were advanced to the desired depth at each sample location. An air tight soil gas
sampling port (Figure 1) was then installed. The sampling port consists of a section of
one-half inch diameter PVC piping perforated and open at the bottom. The sampling end
of the PVC piping consists of an air tight triple size-reducing tube assembly terminating in
a ribbed double hose connector. A peristaltic pump was attached to the hose connector to
generate a negative pressure in the sampling port and to purge the borehole. As designed,
air can only be drawn into the sampling port from the base of the borehole, thereby
eliminating near surface gases from entering the apparatus. An organic vapor analyzer
(OVA) and an HNu were utilized at each sampling location to obtain soil gas readings
(Figure 2). The OVA and HNu are field screening flame ionization and photo ionization
detectors, respectively, which are used to measure the total concentrations of volatile
organic compounds (VOCs).

The sample port installation equipment was decontaminated between each boring with a
liquinox wash, followed by a tap water rinse, followed by a deionized water rinse. At the
end of each day of sampling, the boring equipment was also rinsed with methanol before
the tap and deionized water rinses.

2.0 WORK PLAN and DATA

LGI conducted a soil gas survey from February 5 through February 7, 1992. Fifteen (15)
sample points (A series) were installed through the floor of the western warehouse,
eighteen (18) sample points (B series) were installed through the floor of the eastern
warehouse, ten (10) sample points (C series) were installed between the warehouse
buildings, and seven (7) sample points (D series) were installed in the loading dock areas
north of the buildings. Figure 3 provides the locations of the A, B, C, and D series sample
ports. To monitor potential off-gases escaping from the penetrated warehouse subsurfaces,
an explosimeter was utilized during borehole installations.

All sample port borings were installed to a depth of three (3) feet. The concrete floors
inside the warehouses were approximately one (1) foot thick. Refusal was encountered at
sample port location B19, at a depth of six (6) inches. The OVA and HNu readings are
summarized in Table 1 and illustrated on Figures 4 through 6.

mono-D:\MPR\PROJECr\2773.CRA\SOILGAS.RPT
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TABLE 1
Summary of Soil Gas Survey Results

Location
Al
A2
A3
A4
A5
A6
A8
A7
A9
A10
All
A12
A13
A14
A15

Bl
B2
B3
B4
B5
B6
B7
B8
B9
BIO
Bll
B12
B13
614
B15
B16
B17
B18
B19

Cl
C2
C3
C4
C5
C6
C7
C8
C9
CIO

Dl
D2
D3
D4
D5
06
D7

OVA Peak
5.0
4.5

10.0
10.0
6.0

65.0
0.5
0.0
5.0
1.5
0.0
0.5
05
1.0
0.0

0.0
8.0
4.0
3.5
4.5
9.5
4.0
5.0
10.0
5.5
3.0

10.0
3.5
3.0
3.0

25.0
7.5
7.0
R

6.0
100.0
300.0

1.0
5.0
10.0
55.0
10.0
10.0
4.5

7.0
OS
11.0
6.0
6.5
0.5
2.0

QVA Stabilized
3.0
3.5
10.0
9.5
5.5

50.0
0.5
0.0
4.5
1.0
0.0
0.5
0.0
1.0
0.0

0.0
6.5
3.5
3.0
3.5
4.0
4.0
4.0
4.5
3.0
2.0
5.0
3.0
3.0
25
6.0
45
4.0
R

5.0
100.0
300.0

1.0
5.0
8.0

55.0
9.0
95
4.0

45
05
55
45
5.0
05
15

HNu Reading
0.0
0.0
2.0
2.0
15
1.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.5
0.0
1.0
0.0
0.0
2.0
2.0
15
1.0
1.5
15
05
05
0.0
25
1.0
1.0
R

0.5
50.0
80.0
2.0
1.0
4.5

30.0
4.0
5.0
2.0

1.0
1.0
1.0
1.0
15
05
15

R - borehole refusal.
OVA and HNu readinp ire in pans per million.
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The OVA peak reading is the initial response to the soil gas, which presents the highest
contaminant concentration. The peak OVA reading is obtained immediately after borehole
installation. The stabilized reading represents the "steady" soil gas concentration after the
release of any built-up gases from the subsurface.

3.0 CONCLUSIONS

The range of VOC concentration values for the OVA - peak, OVA - stabilized, and the
HNu, were 0 to 300, 0 to 300, and 0 to 80 ppm, respectively. Correspondingly, the means
were 15.21, 13.47, and 4.21 ppm. Ten percent (5 entries) of the OVA - peak and HNu
readings were above their respective means. Eight percent (4 entries) of the OVA -
stabilized readings were above the mean. Three above mean sample port locations were
common to all three sets of results, namely C2, C3, and C7. A6 was above the mean for
both sets of OVA results. These locations have been labelled as "areas of highest detected
concentrations" on Figure 7. Secondary suspect areas have also been outlined according to
relative detected VOC concentrations.

LGI recommends investigating the three (3) suspect areas outlined in Figure 7 by utilizing
a combination of ground penetrating radar (GPR) and backhoe excavations. These areas
should be surveyed with GPR, followed by the excavation of the areas located between the
warehouse buildings via a small backhoe or skid loader.

If you have any questions concerning this project, or the conclusions presented in this
report, please do not hesitate to call.

Sincerely,
LGI, a division of Layne GeoSciences, Inc.
Environmental and Groundwater Scientists

Michael P. Raffoni
Project Manager

mono-I>.\MPR\PROJECr\2773.CRA\SOILOAS.RlT
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1.0 OVERVIEW

During February, 1992, LGI, a division of Layne GeoSciences, Inc^ conducted a seismic
refraction investigation within the swamp area west of the Olin Chemical facility,
Wilmington, Massachusetts (see Figure 1). The purpose of the geophysical investigation was
to delineate bedrock topography in an area approximately 3500 feet west of a previous study
undertaken by LGI (October, 1991). The existence of a buried, bedrock channel is
suggested from the previous report submitted by LGI to Conestoga-Rovers & Associates
(CRA). Four cross-sectional traverses totaling 4540 linear feet and three individual seismic
refraction profiles were collected during the February, 1992, seismic investigation. Seismic
data interpretation revealed that the bedrock morphology is channelized and appears to
deepen to the northwest.

2.0 THEORY AND FIELD DESIGN

2.1 Theory

SEISMIC REFRACTION

The seismic refraction method involves measuring the direct path taken by
sound waves as they propagate within the subsurface away from the seismic
source. Ground movement is detected by the geophones and recorded on the
seismograph for subsequent interpretation. From these responses,
compressional-wave velocities are calculated and the depth to subsurface
interfaces is determined.

Sound waves travel at different rates through dissimilar materials (i.e., greater
sound velocities attained through more solid, denser media). Insight on the
relative hardness of subsurface materials can be predicted from the seismic
method and this is necessary in order to provide information concerning
subsurface depths and contrasts in lithology.
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SEISMIC REFLECTION

The seismic reflection method involves measuring sound energy as it reflects
off subsurface interfaces and returns to the surface. Seismic reflections are
generally observed along seismic lines within a narrow "window". A seismic
reflection window consists of those geophone locations which fall within the
area where primary seismic reflections can be best recorded. A seismic
window (if present) generally falls approximately twice the bedrock depth
away from the energy source. By utilizing overburden velocities determined
from seismic refraction data, the depth to bedrock within the reflection
window is resolved.

2.2 Instrumentation

LGI conducted the seismic study with similar parameters and instrumentation used
during the October, 1991, survey. All seismic lines consisted of twenty-four (24)
sound receivers (geophones) spaced at ten foot intervals. The seismic source
consisted of a black powder packed 10 gauge shot. Seismic data was recorded on a
24-channel seismograph. Downloading of the field records to a computer was
performed for subsequent data reduction and interpretation.

23 Field Design

Twenty-one seismic lines were acquired within the study area. Three of these lines
(10 -12) were collected in an industrial area east of the Olin site. A seismic source
offset (ranging from 20-80 feet) was used to profile subsurface interfaces within 100
feet of the surface. The four seismic traverses were oriented nearly parallel to one
another in a southwest-northeast direction (see Figure 2). The profile numbering
system used in this report is based on lateral position and is not the order in which the
traverses were collected. Adjacent seismic lines were overlapped between 20 and 40
feet to provide more complete bedrock coverage. All shotpoint locations were
labeled and flagged for subsequent surveying.
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3.0 RESULTS

3.1 Data Interpretation

Bedrock depths were resolved utilizing standard seismic refraction and reflection
software. Upon close examination of the seismic data, the presence of bedrock
reflections was noticed. Although survey parameters were not specifically designed
to detect seismic reflections, the geologic conditions and survey parameters resulted
in high quality bedrock reflections along several seismic lines. In many cases, the
swamp conditions and poor weather conditions dampened seismic refraction arrivals,
although reflections were present.

Seismic data interpretation coupled with a velocity analysis yielded two distinct
geologic layers for the cross-sectional profiles generated in this report. Overburden
velocities ranged from 3400-6000 ft/s (unconsolidated, water-saturated, sediments)
and crystalline bedrock velocities were calculated to range from 13,000-18,000 ft/s.

The depth to bedrock information determined from the seismic data was combined
with surface elevation data (provided by CRA) to generate cross-sectional profiles
(see Figures 3 - 6 ) . The profiles are a two-dimensional representation of the
overburden/bedrock interface below the land surface along each traverse. Irregular
features displayed on the bedrock surface are due to the nature of the interpretive
software and are not as abrupt in actuality. Except where noted, seismic refraction
data interpretations were used as final depth determinations.

3.2 Profile No. 1

Seismic Profile No. 1 was the northernmost traverse acquired within the study area
(see Figure 3). Depths to bedrock range from at least 38 feet to a maximum of 95
feet. The bedrock surface appears channelized along the southwestern portion of this
traverse. Seismic data quality for Profile No. 1 was good and the velocity values
calculated appear to match the described lithologies for this area. Seismic reflection
data interpretations were used for shot records IF, 2F, 2R, 3F, 3R, 4F, 4R2 & 7F.
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FIGURE 5:
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FIGURE 6:
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3.3 Profile No. 2

A second seismic profile was positioned approximately 150 feet southeast of Profile
No. 1 (see Figure 4). Data quality was poor along this traverse due to windy weather
conditions. Interpretation is suspect for Profile No. 2. Velocity values appear
consistent with the other profiles, but the depths to bedrock and morphology do not
agree with the other traverses. The bedrock surface along Profile No. 2 appears flat-
floored with a minimum of 30 feet of sediment overlying bedrock. Seismic reflection
data interpretations were used for shot record 21R.

3.4 Profile No. 3

A channel-like feature on .the bedrock surface was interpreted along Profile No. 3
(see Figure 5). This traverse is located approximately 600 feet southeast of Profile
No. 1. Data quality of Profile No. 3 is fair, but some of field records were noisy
making interpretation of the seismic data difficult. Velocity ranges for this profile
appear reasonable for the overburden and bedrock. Bedrock appears to deepen
towards the central portion of the traverse and maximum depth to bedrock is
reported at 61 feet. Along the southwestern margin of the profile bedrock appears
to shallow to a depth of 14 feet. Seismic reflection data interpretations were used
for shot records 9F, 9R, 13F & 13R.

3.5 Profile No. 4

Profile No. 4 was acquired approximately 1200 feet southeast of Profile No. 1 (see
Figure 6). Bedrock appears channelized in cross-section with a maximum depth of
102 feet projected to bedrock near the north edge of the profile. Data quality was
generally poor due to weather conditions. Only six data points were plotted for the
bedrock surface profile because of poor data quality. Reasonable velocity values
were generated from interpretable data providing confidence in the interpretation of
Profile No. 4. Seismic reflection data interpretations were used for shot records 19F
& 19R.
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3.6 Profiles East of Oiin Site

Three separate seismic lines were collected east of the Olin facility along Woburn
Avenue and Presidential Road. The bedrock surface below seismic lines 10, 11, &
12 ranged from thirty to forty-five feet Overburden velocities ranged between 2600 -
4000 ft/s. Bedrock velocities ranged between 9000 and 16400 ft/s. Industrial

machinery in surrounding buildings contributed substantial seismic noise. Surface
elevations were not known; a value of 100 feet was used for all surface elevations
when constructing the bedrock profiles. Bedrock profiles for these seismic lines are
included in Appendix A.

4.0 ASSESSMENT

The results of this investigation were compared with those from the October 1991 seismic
refraction survey. As stated previously, the buried bedrock valley appears to deepen to the
northwest Although the traverses are laterally separated, certain comparisons can be made.
The survey in October 1991 encountered varying degrees of cultural seismic noise (noise)
in all areas of the site. The effects on the seismic velocity analysis were not fully known
until certain seismic lines (4R, 5F, 5R2 & 6F) from the February 1992 survey were
interpreted. These lines displayed virtually no external seismic interference, allowing both
overburden and bedrock velocities to be calculated with high confidence. The bedrock
velocities under these seismic lines were found to be much higher than most velocities
resolved from the October 1991 survey, while the overburden velocities in the swamp are
consistent with saturated porous sediment velocities.

When entered into the equation used to determine depth from seismic refraction data, a
higher bedrock velocity will resolve the bedrock surface at a deeper depth, provided all
other factors are constant. The presence of seismic noise during the October 1991 survey
may have masked true refraction arrivals and resulted in slower bedrock velocities. This
is possible since ground truths, determined from drilling since the October 1991 survey,
reveal that the bedrock surface is actually deeper in many places than the seismic refraction
interpretations resolved.
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5.0 CLOSING

The field procedures and interpretive methodologies used in this project are consistent with
standard, recognized practices in geophysical surveying. This warranty is in lieu of all
warranties either implied or expressed. LGI assumes no responsibility for interpretations
made by others based on work performed by or recommendations made by LGI.
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1.0 OVERVIEW

On October 7th-10m, 12*-14*, 1991, LGI, a division of Layne GeoSciences, Inc., performed
a seismic refraction investigation near the Olin Chemical facility in Wilmington,
Massachusetts (see Site Location Map). The purpose of the investigation was to profile the
bedrock surface to determine the existence and extent of a possible bedrock valley near the
Olin facility. The proposed traverses were located in an industrial area. As a result, a
significant amount of cultural seismic noise (traffic, compressors, equipment, etc.) was
anticipated.

FIGURE 1: Site Location Map



2.0 METHODOLOGY AND FIELD DESIGN

2.1 Theory and Instrumentation

The seismic method involves the transmission of sound waves into the earth, and recording
the earth's resulting response at set distances from the seismic energy "source"; this process
constitutes one "seismic line". Each seismic line consists of twenty-four (24) receivers
(geophones) which record the seismic energy (see Figure 2).

The seismic data is reduced and interpreted yielding a two-dimensional model of the
subsurface. One two-dimensional model is derived from each seismic line. Because sound
waves travel at different rates through dissimilar materials (i.e., faster through harder and
denser materials), an insight to the relative hardness of subsurface materials can be
discerned. Consequently, the seismic method furnishes information concerning the depth
and relative strength or nature of subsurface materials.

Figure 2: Generalized seismic line diagram.

2.2 Seismic Field Design

Approximately 1150 depth points were generated via the seismic refraction method by
locating 48 seismic data acquisition lines (seismic lines) over the site. To ensure a depth
of exploration of at least 70 feet, most seismic lines were designed with a ten foot geophone
(receiver) spacing and a ten foot source offset. In addition, five seismic lines (32, 33, 43,
44 & 48) were collected utilizing five foot geophone spacings and offsets to better resolve
contrasts in areas of shallower bedrock.



Seismic lines were located along five primary traverses: Eames St., Jewel Dr., Route 38
North & South, and along the railroad tracks west of the Olin site. In most cases, seismic
lines were overlapped twenty feet to provide more complete bedrock coverage. In addition
several other individual lines were distributed throughout the area to provide bedrock
information in the region. Seismic lines were placed primarily on the street and railroad
right-of-ways. Seismic lines which were not a part of the traverses were placed in relatively
open and accessible areas. See Figure 3 for approximate seismic line locations.

3.0 INTERPRETATION

As expected, the seismic data analysis yielded a complex bedrock surface. The depth to
bedrock information determined from the seismic refraction has been combined with
surface elevation data (provided by CRA) to produce seismic cross-sections below each
traverse and each isolated seismic line. As revealed by the Bedrock Profiles (Appendix A),
the depth to bedrock ranges from under six feet (6') to over forty feet (40') below the
existing land surface. As a result of the seismic line geometry utilized for the investigation,
the bedrock depth accuracy is +/- five feet (5'). Cultural noise presented many difficulties
during the field and interpretative phases of the investigation. Several cultural interferences
(traffic, compressors, etc.) produce vibrations which are within tne frequency range of the
refracted seismic data. As a result, refracted waveforms can become distorted, to increase
the signal-to-noise ratio during data collection, 10 gauge shotgun shells were utilized as a
source. Multiple shots were also collected at several locations. Final seismic line
interpretations were completed after referencing adjoining lines (along the same traverse)
to ensure consistent transitions.

The Bedrock Profiles represent the bedrock surface directly below the existing grade along
each traverse. The sharp features displayed on the bedrock profiles are due to the nature
of the interpretative software and are not as abrupt in actuality. All mapped bedrock is
considered competent; however, there may be pockets of rippable, decomposed rock
scattered throughout the site.

The seismic refraction investigation revealed the presence of a valley feature extending to
the west-northwest of the Olin plant. The valley is most prominent near the origin on the
Route 38 South (W) traverse. Bedrock is also relatively deep below Eames Street leading



LGf
west towards the Route 38 Intersection. Several other relative lows exist along the
traverses, although none dip below the elevation of the valley at the Eames Street and
Route 38 intersection.

4.0 CLOSING

The field procedures and interpretative methodologies used in this project are consistent
with standard, recognized practices in geophysical investigations. This warranty is in lieu
of all other warranties either implied of expressed. LGI assumes no responsibility for
interpretations made by others based on work performed by or recommendations made by
LGI.
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BEDROCK PROFILES

LEGEND

SOLID LINES: Existing Topography

DASHED LINED: Bedrock Surface (unless noted otherwise)
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GROUNDWATER WELL INSTALLATION REPORT

u
J
J
J
J

Groundwater Well Mo.: 8

Permeability1 : 2 x 10 cm/sec

Well Installed by Carr-Dee Test Boring Corp.

Date Installed: Oct. 23, 1977

Project No. : 77348

Soils Described bv R. C-ardr.er, I-EI

o -~

> *•
4) ~
U

•* •* rt

•

72.8.

67.8 .
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57.8 -

52.8

Notes

j— *••

5" *'°

• 3 •

. 10 •
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. 20 •

(1)

|(6)| 1 t
1

I
_^d

**tm,
I
I

!

:

__

•

™

•

5

•

•

S

1 » ^g

1 i ~

1 ' L
^^^ V

^pA1(5)^_ " *T i '•

3 .2*

tr
\« /« _ •
10.2'

Split Spoon
Sample No.

and
Location

Blows
per
6"
( 3 )

- SS-1A 1-2-7-
SS-LB nOmn

1u
SS-2 •25-20-

•20-21

mI

. .

1

Rec.
( i n . )

( 4 )

t

12

11

Sample Description

SS-1A
^•8" Fibrous peat.
SS-1B
"^4" Dark brown silty f ine
sand. Organic material and
fibrous material present.

SS-2
Slightly silty sandy gravel
Particles are angular to
subrounded up to 1 3/8"
in size.

•Drove open-ended "A" rod
with 200 Ib weight.

Refusal at 10.2 ' ;
120 blows/no penetration

, ( 2 ) , ( 3 ) , (4) See first page of Appendix A for additional informatioi
(5) JJroundwater-lavfl^ is the average of seven measurements taken from

November 2, 1977 to May 31, 197C.
(6) On May 31, 1978 the riser pipe and slotted pervious section were

lifted approximately 1.4' while removing standpipe used to conduct
permeability test. The existing dimensions for the riser pipe and
slotted section are given.

G«otechnical Engineers Inc.



GROUNDWATER WELL INSTALLATION REPORT

Grounrfwater well No . : 12

Permeability (1)

Date Installed: Nov. 2, 1977

4 x 10 cm/sec Project No. .- 77348

1
1
1
1
1
1
1
1
1
1
1

0 *•*

.2 *"u
a f /l

77.0.

72.0.

67.0.

62.0-

57.0

-c —c. ̂
s ""u
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- 3 •

. 10 •

• 15 •

• 2O •

»

r
(5) 1

1?
Ii
t
i

,

"̂

•

•£

H*1 ^ (6,
1 N 1

1̂

\

; _4.af

!

•

i

i ^ 9-8'
1̂0.0'

12 7'

Split Spoon
Sample No.

and
Location

Blows
per
6"
(3)

SS-1A Hi- 1-2-
S5-1B •)

y
S3- 2 •L9-30-

•10-34n
y

S3- 3 •33-34-
•29-21

• ̂ 1Hi i

Rec.
(in.)

(4)

17

13

9

Sample Description

SS-1A
16" Black sandy humus
S3-1B
"^" Brown organic silty
fine sand.

1
S3- 2
Light brown slightly silty,
gravelly fine to coarse
sand.

I

S3- 3
Gray slightly silty sandy
gravel. Gravel is angular >
to subrounded and up to
M 3/8" in size.

•Drove open-ended "A" rod
with 200- Ib weight. \

120 blows for last 2" of
penetration .

j
Recovered brownish-gray
clayey, gravelly sand.

i

Notes; (1), (2) , (3), (4) See first page of Appendix A for additional infornatio .
(5) Groundwater level is the averaoe of seven measurements taken from

Novemb«r 2, 1978 to May 31, 1978.
(6) Prior to May 31, 1978, discance from ground surface to top of casing

was 3.3'. Cacinq wa* reaoved to perform permeability test and replac L

to present "stickup" of 3.6*.
Geotechnical Engineer* Inc.



NEW ENGLAND POLLUTION
CONTROL CO., INC.

7 EDGSWATER PLACE
EAST NORWALK. CT 06855
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Page

n... >-~-^r -:^. I ? g - -

Job Arlrtfi><« -'-'•"• - " > - " > •

Job No.
.' i. Ii-.ir '"•.n:: , ! J M I S . Soring No '4

Fixed Catum used is

Ground Surface idis boring is

DEPTH

F'om

0 '

4 '

i: •

u'

ro
•« »
t

10'

I 2 '

12 'G

C L A S S 1 Ft CAT 1 ON
a« C>'*'u> «nd Accuraia

"ir.e to i-:9di'jn 2rovn
^aiia .:3aviiy a^air.c-a

jy Prcd-iCt

2ro-..-n Son-i Fine to
.-.•2C.1J.-: uraca

.Irovn oar.d ?ir 2 to

,wedij::t Jracia, J/-.all

to r.yd i - :'.t 'j o ulcers
1 ?.of -i3.nl

Ir.stailc-'.i •!" slotrrd

.• v J ;:i::a co 1." — j"

,

CASING
8LOWS

0-27 23-54

SAMPLE

NO.
Qiotn

No. ol 30" B'ov«s on Sooor

istS"

1

2n<*«-

•

3r<J«' 4th fl-

!

fl«COv«ry

in

II

1
1
1

LOSI y,«ij' •
or

O»"^*'k»

'

Ground Surface to . .ft. used. .casing. Driller D.

Water level is

Water level f$

.ft. below Ground surface

.It. below Ground surface

. hrs. after completion Helper G. nL

. hrs. after completion Kg. No..

Boring stopped by



BORING GW-L7D

PROJECT: 01 in-WUnington PROJECT NO : 284-10 -1EOO

DATE: i / T / a i LOCATION- wilminaton . MA

DRILLING CONTRACTOR: ^ , Fxnloration INSPECTOR: CA'<raemer

GRILLING METHOD: 2^n hn11ow stem SAMPLING METHOD: 2 " SPlit SDOon

auoers 300 lb. hammer with 24" droo
ELEVAT1CN:

~ ^ V ~* *" T

P.O.

<?-!

<?-.?

S-3

S-4

S-5

ieoth
n ' - 2 '

7 '-a •

4 ' -6 '

6 '-8 f

8 ' -9 .5 '

"OTES: Monitor!]

blows
cer 6"
\
1
7

1 5
9

19
25
15

Q
o

1 }
12
15

20
10
100

70"

10 well

lt.LH
.1d

5

10

15

2.0

25

30

35

<
£
•/i

CATUM :

SOIL DESCRIPTION
densicv, color. SOIL, admixtures,
noistur*. other notes, "PIGIN

very loose, brown, PEAT/
little aand, wet
medium dense, brown, SILT
and fine SAND, trace clay,
wet

Dense, brown-gray, fine to
coarse SAjrfD, little silt,
trace gravel, wet
very dense, gray/brown, SAND,
some silts, some gravel, wet,
GLACIAL TILL

Top of Rock, 13.0 feet
Run 1 13.0 '-13.0', run 5.0
feet, recover 4.3 feet, 96%
recovery

Run 2 13.0 ' -23.0 ' , run 5.0
feet, recover 3.5, 70%
recovery

Bottom of boring, 23.0 feet

™ ^
'^ wt '̂

^

—
_

L^J

3£.v.-.=:-v

installed. Cement-bentonite slurrv from 13.0 to
2"? n1 T^p of 5 Q foot 0 010-inch machine slotted well screen set an

f -ftf rind 'nsflf -Pi' 1 1 Arl wt4*h nn i f r t rm m*>f^ i nm sanH to 7 0 f A«^ . ("AmAn r -h*=>Tt(
si iTTT-tr f^on 7 n feet to erroimd surface 5 — foot lono 6 — ineh <4ian\et|eir P-'
tiv*» qf^el sleeve . with loclcino cao . a laced, on toj .

SHEET 1 CF



BCRIN'G GW-IdD

PROJECT: olin-wilmington PROJECT NO: 284-10 -1EOO
DATE: 2/24/31 LOCATION- Wilmington, MA
GRILLING CONTRACTOR: soil Exploration INSPECTOR: CA Kraemer
ORILI:::G METHOD: 2»T hollow stem SAMPLING METHOD: 2" split spoon

augers 300 Ib. hammer with 24" drop
ElEVATICN:

SAMrLS

r.o .
S-l

S-2

S-3

S-4

S-5

S-6

deoth
0 ' -2 '

2 '-4'

4 '-5'

6'-8 '

8 '-10'

ll'-13'

blows
oer 6"
;

.2
20
i?

;2
21
?9
20
11
?Q

0

15
20
3;
24
22
2?
20
30
4Q

II.M
H

O

5

10

15

20

25

30

35

DATUM:

V
.1.V

M
.I.S1

SOIL DESCRIPTION
dansLtv, color, SOIL, admixtures.
moisture, other notes, CPIGIN
Very loose, brown, PEAT and
SAIiD, moist
Very dense, tan SAND, some
gravel, some silt, moist

Very dense, brown/gray, SAND
some gravel, some silt, wet,
GLACIAL TILL

Top of rock, 19.9 feet
Run 1 20.0 to 25.0 feet,
run 5 . 0 feet recover 3 . 5
feet 70% recovery

Run 2 25.0 ' -26.0' , Run 1.0
•coot Recover u.u ^eet, u* ^^
recovery

Bottom of boring, 26.0 feet

1 i
I „••*

^^

a

•'

:IOTES: Monitorina vail installed. Cement-bantonita slurry from 2 " . J ' rLf.
2fi fl ' Tin of 5 O foot H 010— in<?h machine vlnt^pd w»1 1 ^o-rppn •?(=*•

[ 9 5f«Af »nH K»<-vf^i*H wit>h medium uniform sand. Cement-bentonite
slurrv from 10.0 feet to around surface. 5-foot loner 6-inch diamet
protective steel sleeve, with locking cap, placed on top.

SHEET 1 OF



BCRING GW-I9Q

pROJEC7:oiin-Wiliainqton PROJECT MO.- 284-10-1EOO

SATE: 2/9/81 LOCATION- Wilmington, MA

DRILLING CONTRACTOR.- Soil Exploration INSPECTOR: CA Kraemer

-RILL::;C METHOD.- 2*5" hollow stem SAMPLING METHOD.- 2" split spoon
augers 300 Ib, hammer with 24" drop

ELEVA7"N:

SAJ-'.rLI

P.O.

s-l

S-2

S-3
S-4

S-5

S-6
S-7

s-a

death

2 '-4'

4 '-6'

6 '-7. 5'
7.5'-9.0'

9 ' -LO'

ll '-lZ.S1

12.5'-13.3

14 '-14. 8 '

blows
oer 6"

I
•0
I
0
1
2
2
3

12
35

100,
30
100,

0
0
0
0
1
2

12
100

25
15
.3'

.3'

DATUM :

1

5

10

15

20

25

30

35

£

r.

SOIL 3E5CRIPTICN
densitv, color, SOIL, admixtures.
moisture, other rotes, CPIGIN

Dense, brown, SILT and SAND, little
gravel, frozen, FILL
Very loose, light gray, SILT, wet,
GYPSUM SLUDGE

Very loose, brown, SILT and SAND,
some organics, wet

Grading to little gravel
Very dense brown/gray, SAND and
gravel, little silt, wet, GLACIAL
TILL

Boulder 15 '-16.1'
Boulder, 16.5'-17.1' and 17.1'-
17.3'

Boulder 13'-18.3' and 19.3'-19.9'
Top of rock 20.0 feet
Run 1 20.0'-23.0' run 3.0 feet
Recover 2.0 feet, 67% recovery

Run 2 23.0 '-24. 3' Run 1.3 feet
Recover 0.0 teet us recovery
(Core barrel broke)
Bottom of boring 24.3 feet

;;OTES: Monitor ino well installed. Cement-bentonite slurry

_; ^
— -~

biJ

rom 20 .0 ' to
2 4 . 3 ' . Tio of 5.0 foot 0.010-inch machine slotted well screen set

19.7 feet and backfilled with medium uniform sand to 10.0 feet. Gene
bentonite slurrv from 10. p feet to around surface. 3-foot long 6-inch
protective steel sleeve, with locking cap, placed on top.

FBI SHEET 1 CF J



Proieet: "i.m -rif^rrAi

/A • MILEfl ENGINEERING & TESTING. INC. Protect
!'llmln<can . MA

NO: 60521.01

Data Start: 4 /23 /86
Date End: 6'-5'3*

Shaai 1 of '
Borinq No: 3-5
Location: *«« ? ' - -

Surface Elev;

Casing Sampler Groundwater Observations

TYM: Hollow Seta Au««r Sollt Sooon °*T€ OiPTH

SIZt:

HAMMCft:

FALL:

Si

a
<o
O

io.au

20. OJ-

2? 0^

TO Qt

Cas

It

2 l/i" ID t 3/8" tO 7/1/86 6 .5 '

— HO pounds

— JO Inches

Sampte

No.
S-l

S-2

S-3

S-4

S-3

S-6

S-7

S-8

5-9

S-10

S-l I

S-12

S-l 3

Depth
0-1.5'

1.3-3.0'

3.0-4.5'

4 ,_A 3,

6.0-7.3'

7. 3-9.0*

9.0-10.3'

10.5-12.0

12.0-13.3*

13. 3-13. 0*

13.0-16.3*

16. 5-17. 51

18.0-19.4'

Pen,
is-
18"

18"

18"

18"

18"

18"-

18"

18"

18"

18"

12"

16"

Rec.
14"

18"

3"

12"

12"

2"

10"

18"

to-

la-
16"

12"

16"

Driller: T. coawulk*

Help

Insp

•r- 8. tUrcoux

actor:1* qi«i<f«

Blows/6'
1-2-3

2-2-2

4-7-5

6-2-1

1/12-1

1/18

8-18-17

9-13-20
3-A.r?

3-13-18
6-12-19

44-50
28-33-30/4

Strata
Change

10..Q'/""

16.5'

19.4'

CASINO AT JTAi lLIZATION PE3IOO !

Overnight

i

Sample Description

S-l: Looi«, Hjhe brown, nicy sand.
S-2: Su« a* S-l.
S-3: S«M «» S-l.

S-4: Saa« aa S-l.

S-3: Sa«« a« S-l with »o«« p«ac.
(«ot«e)

S-6: SMM a« S-l. (w«c)
s~'! Oaaa«t Mdlua co tlaa, caa co
ll(be brown ility ««ad.

S-8: SaaM a« S-7. (u«t)
S-9: SaiM as S-7. (w«c)

S-10: Saa« a* S-7. (w«c)
S-l I: Saaw aa S-7 wtch IOB* gravels

S-12: Vary dani«, |tay, ««diu« co
tln«, alley >aod wtch gravtl, eric*

S-l 3: SaM a* S-12 (w«t).

*»•««• Mid MM I* . MM. limi

CMtflM E*BI!IM<* Ik̂ MĴ Î

• • 1 «• MM
1 •• M
• - • MMt MM*
1 ' II UM»

ilnac*4 ac 19

"a
•z

1

(1)

1 • « *M
I- M IM
»• » -HI
!••!«•«

><•«
•

t

Remarks: (l) t̂ kia% pcbblt. blow counc high.

II IM UMk •» IM «MiMMtM "•» «C« M* I* *»(• MUM* nu* MM NU*H U IM IM* •rĵ ,'-!; JlT'""1"1



3CRING G W - 2 2 D

PROJECT: giin-wilminaton
DATE: 3/4/81

DRILLING CONTRACTOR: Soil Exploration

CRILL:::G METHOD: 2i,» hollow stem

auqers
ELr/AT"N:

SAX:LE

r.o.
S-l

S-2

S-3

S-4

S-5

S-6

S-7

S-8

death
0'-2'

2 '-4'

4 '-6'

6 '-8*

S'-IO1

10'-12'

12'-14'

14 '-16'

blows
=er 6"
1
j
6

.4
3
7
8

14
3
14
2J
18
14
25
2*4
19

2
6
5

4
2
3
9

28
9
28
26
21
2l
26
25
19

D
E

P
T

H

5

10

15

20

25

30

35

£

£
V[

PROJECT NO: 284-10-1EOO

LOCATION- Wilmington, i-lA

INSPECTOR: CA Kraemer

SAMPLING METHOD: 2" Split Spoon

300 lb. hammer with 24" drop
DATCM :

SOIL DESCRIPTION
densi.tv, color, SOIL, admixtures.
moisture.

Loose, brc
vec, MISCE
concains c
scrips, an

Dense brov
gravel, 11

Dense grs
some gra\

Top of
Bo c com of

other notes, ORIGIN
wn, SAND, trace silc,
LLANEOUS FILL (also
onscruccion lumber, metal
d chemical products)

ra, fine SAND, liccle
.tele silc, wee

ly /brown, SAND, some silc,
rel, moist, GLACIAL TILL

Rode 36.0 feec

- -v

m .—e ^

—

::OTES: Monitorina well installed. Tip of 5.0 foot 0.010-inch machine 3 1
well screen set at 35.0 feet and
to 15 0 feet Cement— hentonite si

backf illftd. with uniform medimfl S^fl
urrv from I ri . fl f e«t to around <?nr-

5-foot lona 6— inch diameter orotective steel sleeve, with locking c
olaced on too.

SHEET L CF _j



TESf LUUO

xrtl
Project: or :;t niFMiru

JUlmin^ ton , MA flnrini N f > - *-'

M1LER B^GINEERING & TESTING. INC.

( _ , . ' ' — '

Projec t
Date St
D a t e En

NO". 60121.01 1 ora t ion: i.. ?!..,
a r t * f t / i o / f l jL

d: "
- - - - , Su r face Elev;

Casing Samoler Groundwater Observations
TYPE: Hollow Seem Auatr Sollt Sooon O A T t oePTH

SIZE:

HAMMCA:

CALL:

a
4)

10.01-

15.0*-

20.0J-

23. Oi-

•\n pt

Gas
bi/
f t

: l / i " ID 1 3/8" ID 6 /24 /86 7.3'

— 140 pounds

10 (l]cha,

Sample

NO.

S-l

S-2

•5-1

S-i

?-5

S-6

S-7

s-a
S-9

S-10

Depth
0-1.3*

1.3-3.0*

vn'-A. V
4.5-(5.0*

6.0-7.3*

7.S--9.0'

9. 0-10. 5*

lO.S-tl.K

12.0-12.11

13.3-14.3'

Pen.
• 18"

18M

18"

18"

18"

18"

18"
| . £»

11"

12"

Rec.
12"

3"

10"

12"

6"

9"

18"

16"

11"

12"

Driller: r. co«ouika
Help
Insp

sr? R. Mareoux

actor:' »• ChUda

Blowa/6"
2-7-12

:o-a-4

i-i -•>
1-1-1

i-i-i

3-4-5

3-5-16

13-28-30/4

40-50/3

22-60

Stra ta
Change

2.0'

\_

7.5'

11.7'

15.0'

30. »/

C A S I H O A T S T A B I L I Z A T I O N ? £ H I O O ,

Ovsrn ixh t

Sample Descr ipt ion

>-l: Loos*, light brown, nsUiun
sand and graval fill.

S-2: Sao* •* S-l.

S-3i P«at, fin* sllty sand vlch
arganlcs.

S-4: Saas as S-3.

S-3:. Saa* as S-3 with *oa* wood
chips, (aolac)

S-4t Loos*, dark brown. a*dlua fin*
sllcv sanri. (w*c)
S-7« itsM a« S-t>. (w*t)
S-4: Sa*s as S-6. (Itors gray) f u « c )

S-9: 7«ry daaaa. |t«r, ••diua co
(las itley ssnd with grav*l (w*c).

T«ralaac*d ae 15.0' dapch.

Tsninacad ac 30.9' bedrock.

Mw«f »m VMM ntu A • tftt. unit

t • 1 «•>••«
1 -» ••

1 • It UM

(•UMBIB mum '»•«»•»

»• ta MM

o

i

( I )

C)

1

1

1

Remarks: U> Pushing pl*c* wood, blew counc hi«h«r. <*) Mo sa»pl*s afcsr 13.0'. OK by H.
(2) (3) Pushing pises of grsv*l, blow counc high. Itllocci.

(3^ Bouldar cor* 26.2-28.0 .

1) MIW urn MAtiMt MM MM «•• '• A* »iu «u» a nMt «• IMHUMIII*« IKIta • IM W»M t*.t. KntlJ*ll»»t



* i_

xrti M1LER ENGNEEFSNG & TESTING. INC.

(_ - 1
Casinq Sampler

TYPE: Hollow Seen Auaar Sollc Sooon

SIZS:

HAMMER:

FALL:

av
Q

IO.OJ-

15.0^-

20.04-

25.01.

•(0 Q'

Cas
bl/
f t

2 l/i" ID I 3/8" ID

IAO pounds

--- ]IO |"i;fitj

Project :

Pro ject

Date St
Date En

•11 TM niEMTTAl

•iiisitngeon. »K. Sonnet No- 3"'90

No: 60121.01 Loeation; 5*. ?>..„
ar t - 7 / 2 /86iri.
d; 7/10/86 Sur face Elav;

Groundwater Observations
O A T 6 DEPTH

7/:i/36 0.23'

Sample

No.

S-l

S-2

S-3

S-4

<_<

«_A

Degth
0.0-9.0*

9.0-10.3*

10.5-12.3

12.5-13.5

in n_»?.n'

Pen.

24"

18"

24"

12"

74"

««

Rec.
24"

16"

24"

10"

14"

1"

Driller: T r_ ,,..

Help
Insp

*r: a- tlarcoux

ector:' a. cMid«

Blows/6"

W«l«hc o(

rod.

10-10-12

5-9

9-5

1-2

7-7

1A-7A

A S / Y

Strata
Change

9.0'

21.3'

CASlMtt AT STABlHiAI ION peniOQ I

t

•>/erni2nc !

I
1

Sample Description
.

>-l: ?aac. orjanics uxch trace iilcy
aaod. (vac)

S-2: Looaa, brown co 31 ay aadiua
co (in* alley saod. (vac)

S-3: S«M aa S-2. (wat)

S-4: Saaw aa S-2. (vac)

S-Si Daaaa, (ray, na\iiua co fina
alley aaad wleh jravai. (wac)

S-6: Saaw aa S-5. (uac)

Tarviaacad ae 29.0*.

^j
O
-r

( I )

(2>
O>

t^tatmt XMI imtt « • uu. utmi IK • au. «• u§ • tat. **• i» - ui>

CMtM <a>IUOn i»««r»a«> (BtMCtH WWIt ik«x»Mi

• * i «• MM
J- » MM
» " 1 «M«i W1M
1 - It UIH
!•• ^«

t - « MM MM

« • M >mn
M - W »"• •»
M • '* »~4

'̂ > HM I«B«4

Remarks: (l) 8ouid«t ae U.8' co 18.0'. (2) Hol« acred aftar axcaaaiva bouldara »t 23. 3'.
(j) Tarmlaaead oa bouldac* ae 29.0' wtch OK fro* M. ScUoccl. 7/10/86

NOteS* rt\ * u " ** •*•*"»'»">•• •>"•» nmu*f TM tffMimUt MMMf MM* Mil
• (4) Booldar ear* ae u Mnl utlki ̂ 4,,̂  » •»« MM «M w IM MM* MUI >i i MI «•• «M«

I3.a'-l8.3' . W IM UMk W IM DMMMtlU •» tfOM M( 1* MM* >Ktai THM IMM

nm «• n« itMtidM ~t M -i«««..

fMiiir ti t»< IIM — •ii" — " •»« "•*<



148 Pioneer Or. " "
Leommster MA 01453
(617) 840-0391

" 'SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

*»mgar

Client OLIN CHEMICAL Date 11/24/87 Job No. 87-891
Location OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

BORING ~>'P« ''3 Ground Date i 1 / 1 0 / 0 7 Oate 11/18/87 Ohllin9 M 7 Eng./Hydrol
^.Replacement Elev. Start ll'10/0' Complete Il/i0/o Rjreman *"L' Geologist

c
3

T
H

5

10

15 _

20

25

30

35 _

*0_

Sample Data

Sample
No.l Oeoin (ft )

Ri

•

n fl 39'6"-
40 '6"-

Type of Boring Casing Size:

Proportion Percentages
Tract 0 to WH

Some tOto40*t
And 40 to 50*

Blows
6' Penetration

•

40 '6" 8 m:
41 '6" 10 mi

flee.
Inches

n./l
n./i

Casing
Blows
Per ft.

oot
oot

Soil and/or bedrock strata descriptions
Strata

Change
Depth

•

15 '0"

39' 6"

Visual Identification of SoH ana/or flock Strata

No samples required.

Moist to wet, fine to medium SAND,
trace inorganic silt, trace fine to
medium gravel.

Wee fine to medium SAND, trace to sc
inorganic silt, trace fine to coarse
gravel, trace cobbles.

ii

,un rT CORED Ry CK 'rom ^j 5 to 41 t •

Star 41

Granular Sola (blOM par ft.) Cohaah* Sotta (btowa par ft.)
Oto4MiryLooaa 30 to 50 Dense OtoJ^rySofl Stt iSSdff
4tottLMse OwrSOV*ryO«n»e 2 B 4 Soft J5 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) . 1401 hammer Wang 30*
Btowa are par ft* taken with an 1$' tang x 2* 0.0. x 1 W LO. sett spoon sampler unless otherwise noted.

The terms and r̂ rcantam used to describe sc4 ar* « rock an based on visual ie r̂̂
by lime ol year and water added during the driBng process. • Water levels IndtaMd rnayvaiywalisaaaonilffaetuatkxiandmaiJec/eaofsoisaiuraiionwhen'"'
bonng was taken. I The stratification linn represent the approximate boundaries between sol types, the actual transitions may be gradual. •



M8 Pioneer Or
Leominster, MA 01453
(617)840-0391

Cx U JO 0 (L

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

Sheet

23 Ingalls St
Nashua. NH 03060

(603) 882-3601

Client OLIN CHEMICAL Date 11/24/87 Job No. 87-891

Location OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

BORING T.vPe *3 Ground Oalt it /in /a? Oatt i i / i s / a ? Dflllin9 M t Eng./Hydrol.
NO.Reolacemenc Elev. Starr u/18/87 Complets U ' 1 8 ' 8 7 Fortman M ' Z « Gtotogist

X
 —

 i 
u
n
iO

45

50 -H

<;<;

60 -

65

70 -

75 -

80 -

Samplt Data

Sample
NO

•U

Deon (It.)

n vl 39 ' 6"-
40'6"-

*

Blows
6" Penetration

40' 6" 8 m:
41' 6" 10 m:

•

Pec
Inches

n./i
n./l

Casing
Blows
Per ft.

ooc
ooc

Strata
Change
Depth

41'6"

Soil and/or bedrock straU descriptions

Visual identification of Soil and/or Rock Strata

Run in CORED ROCK from 39 V co 4 L ' 6 " . '
Recovery l4"/24" - 58 .32

End of boring ac 41 "6"
Water level at 7'0" upon completion
Set well point at 41' 6"

Well Materials;
1 - 2" PVC end plug
1 - 10' x 2" PVC screen
3 - 10' x 2" PVC riser
I - 5' x 2" PVC riser
1 - protective locking casing
1 bag - sakrete sand
3 bags - Portland cement
1 pail - bentonite pellets

Typ«o( Boring Cuing Sin: Hollow Stem Augtr Sin: 4 1

Proportion Percentage*
Tract 0 10 10%

Somt 10 to 4Q%
And 40 to 50%

Granular Solli (Wowi ptr ft.) CohMfct Sota (Mow* ptr ft.)
0 to 4 Wfy LOOM 30 to 50 Dens* Olo2V»rySo« 8to1SSWf
4 lo 10 LOOM OvtrSOVwyOtriM 2 to 4 Soft IS to 30 Vtry Stiff
to to 30 Mtdtam Otrnt 4 to 8 Mttfum Stilt Ovtr 30 Hart

Standard ptnttratwn ttst (SPT) « 1401 nammtr faKng 30*
Blows art ptr 6' taktn with an 18* long x V 0.0. x 1 M* 10. ipW spoon sampltr unltst othtfwiM noted.

TrtftefrnsandpefCWitagtsuMdtodtscribtsoilaftdwrockartbtstdonvitu^
by timt ot year and watar added during tht drilling proem I Water lev*)* indicated may vary with seasonal fluctuation and tht degree of soil saturation when the
bonng was taken. • Tht stratification linn represent tht approximate boundaries between soil types, tht actual transitions may bt gradual. I

J
J

M
M



'•=- '08 Pioneer Cr
5~:;̂  LPOminsier. MA 1M53
'SST (617) 840-0391

23 IngallS St
_ _ . _ Nasnua. NH 03060
Geotechnical Drilling and Groundwaler Monitor Wells .603)882-3601

SOIL EXPLORATION CORPORATION

C:.-:r OLIN CORPORATION Date 04 /18 /83 Joe NO 33-233

LDranor IAMES STREET, WILMINGTON, MASSACHUSETTS

SORING Gtf-31 firound Date , . Dale Drilling c^g, Hydro!
NO. 3KALTOW E!ev- Start 04 /12 /88 Complete 04 / 12/88 Foreman M.Z. Qeo.cgis; M.3.

I

5

!5 _

20 _j

25

30_

35 _

40_

Sample Oata

Sample
NO

...

Oepin -1 i

.

Slows
•:" Pereiraiion

flee.
Inches

Casing
Slows
Per It.

Soil and/or bedrock strata descriptions

Strata
Change
Oeotn

L 4 ' 0 "

16'0"

Visual Identification ol Soil ano/or Qc« Si'aia

Dry, medium brown co orange, f ine SAN'D,
crace inorganic silt, crace rooc naccer

Moist to wet, fine SAND, crace
inorganic silt.

A ' B C , fine to coarse SAM, and gravel,
some inorganic silc, c race cobbles.

End of boring at L6 '0"
Set 2" STAINLESS STEEL well point L r > ' 0 "
Water level at 8'0" upon completion

Well Materials;
1 - 2" end plugs
1 - 10' x 2" STAINLESS STEEL screen
1 - 5' x 2" STAINLESS STEEL riser
L - 2' x 2" STAINLESS STEEL riser
1 - protective locking casing
2 bags-sakrete sand
8 bags-silica sand
L pail-benconite pellets

NOTE: NO SAMPLES REQUIRED

Boring 3* from B-2 Deep

Type of Boring Casing Size: Hollow Stem Auger Size: 6 i

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Granular Soils (blows per ft.) Cohesive Soils (blow* per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 Very Soft 8 10 tS Stiff
4 to to Loose Over 50 Very Dense 2 to 4 Soft '5 to 30 Very Stiff
to to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) » 1401 hammer falling 30'
Stows are per 6* taken with an 18* long x 2' 0.0. x 1 3/8' 1.0. split spoon sampler unless otnerwise noted.

The terms and percentages used to describe soil and or rock are based on visual identification at the retrieved samples. I Moisture content indicated may be affected
by t me of year and wafer added during the drilling process. I Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
bonng was taken. I The stratification lines represent the approximate boundaries between sod types, the actual transitions may be gradual •
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61-50/0"

5«-50/0-

28-50/«*

1

NO ItS

RCUAAKS: IMaMLIOaUfMB

M out 10 on*« MOM

Changa

2.0'

13.0*

27.0'

OCPTH

1.0'

OOtfotAflp* ?haaxj 1 Q|
•̂ *og No: w-
LoeiMAiv

I —
il-

,^ ?M»<«<*Ehy:
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MONITORING WELL DIAGRAM
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_—:— 148 Pioneer Dr.
T^2|= Leominsler. MA C'453
?&'£? (617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalls St.
Nashua, NH 03060

(603) 882-3601

•;-:;on! OLIN CORPORATION Date 04/18/88 job No. 88-238

Location EAMES STREET, WILMINGTON, MASSACHUSETTS

NTNG s '̂ir s o./u/as su°«m>*8 aa, «.z. i^r M.».
Pp
i
H

5 ..

10

•s

20 _

25 J

30

35 _

40

Sample Data

Sample
No.

'.

?

3

<4

3

6

7

3

9

JJL

11

RiJ

Depth (It.)

O'O"- 2 '0"

2'0"- 4 '0"

4*0"- 6'0"

6'C"- 8'0"

8'0"- 10' 0"

lO'O"- 12'0"

12'0"- 14'0"

14*0"- 16*0"

16'0"- 18'0"

18' 0"- 20 '0"

20'0"- 20'9"

n IH 22'0" t
23'0" t
24 '0" t
25'0" G
26'0" t

Slows -
6'' Penetration

2-3-4-4
• • _ . • •

5-5-5^6;," ;,:

7-6-7-8 -

9-10-13-14

7-10-9-14

7-8-10-10

7-7-9-10

25-36-31-24

35-2A-23-21

18-28-46-51

49-120/3"
'" -

o 23 fO" 14
o 24'0" 10
o 25'0" 9
o 26 '0" 10
o 27'0" 11

Rec.
nches

*. t

•.;•' "

• -

min/
it
it
n
n

Casing
Blows
Per ft.

- • •

V

foot

Soil and/or bedrock strata descriptions

Strata
Change
Depth

.-,v°"

14'0"

22'0"

27 '0"

Visual Identification of Soil and/Or Rock Strata

Loose to medium dense, dry, fine SAND,
trace inorganic silt, trace root
matter.

Medium dense, moist to wet , fine SAND, •
tracce Anorganic silt.

Very dense, wet, fine to coarse SAND,
and gravel, some inorganic silt, trace
cobbles, and boulders.

Refusal at 22'0" with hollow stem auger
Run #1 CORED ROCK from 22 '0" to 27 '0"
Some fractures in rock, started with
water return. Had total loss of water
at 23'6".
Recovery 25"/60" = 41.6%

End of boring at 27 '0"
Set 2" STAINLESS STELL well point 22 "0"
Water level at 7 '3" upon completion
Well Materials;
1 - 2" end plugs
1 - 10' x 2" STAINLESS STEEL screen
1 - 10' x 2" STAINLESS STEEL riser
1 - 2' x 2" STAINLESS STEEL riser
1 - protective locking casing
1 bag- sakrete sand
7 bags-silica sand
1 pail-bentonite pellets
1 bag -bentonite powder
1 ha os— Portland cement

type of Boring Casing Size: Hollow Stem Auger Sin: 6i HSA & NX Core (2 1/8")

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 10 50%

Granular Soils (blow* per ft.) Cohesive Soils (blows per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 Vwy Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense 2 to 4 Soft 15 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) - 1401 hammer (ailing 30*
Blows are per 6* taken with an 18* long x 2* 0,0. x t 3/8' I.D, split spoon sampler unless otherwise noted.

The terms and percentages used to describe soil and or rock are based on visual identification of the retrieved samples. I Moisture content indicated may be affected
by time of year and water added during the drilling process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
boring was taken. • The stratification lines represent the approximate boundaries between soil types, the actual transitions may be gradual. •
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-3=. 148 Pioneer Dr.
=̂1== Leominster. MA mi53

-££=?" (617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalls St.
Nashua, NH 03060

(603) 882-3601

, Client OLIN CORPORATION Dale 04/18/88 Job No. 88-238

Location EAMES STREET, WILMINGTON, MASSACHUSETTS
BORING ru— 7T Ground Date Date Drilling Eng./Hydrol.
NO SHATEOW' Elev Start 04/12/88 Complete 04/12/88 Foreman M.Z. Geologist M.B.

Qc
p
T
H

5

10.

15

20

25

30

35

40

Sample Data

Sample
No. Depth (ft.)

Blows
6" Penetration

McC.

Inches
Casing
Blows
Per ft.

Soil and/or bedrock strata descriptions

Strata
Change
Depth

4'0"

14'0"

16'0"

Visual Identification of Soil and/or Rock Strata

Dry, medium brown Co orange, fine SAND,
trace inorganic silt, trace root matter

Moist to wet, fine SAND, trace
inorganic silt.

W e t , fine to coarse SAND, and gravel,
some inorganic silt, trace cobbles.

End of boring at 16'0"
Set 2" STAINLESS STEEL well point 16 '0"
Water level at 8'0" upon completion

Well Materials;
1 - 2" end plugs
1 - 10' x 2" STAINLESS STEEL screen
1 - 5' x 2" STAINLESS STEEL riser
1 - 2' x 2" STAINLESS STEEL riser
1 - protective locking casing
2 bags-sakrete sand
8 bags-silica sand
1 pail-bentonite pellets

NOTE: NO SAMPLES REQUIRED

Boring 3' from B-2 Deep

Type o( Boring Casing Size: Hollow Stem Auger Size: 6i

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Granular Soils (blows per ft.) Cohesive Soils (blows per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 Very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense 2 to 4 Soft 1 5 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) » 1401 hammer falling 30*
Blows are per 6" taken with an 18' long x 2" O.D. x 1 3/8' I.D. split spoon sampler unless otherwise noted.

The terms and percentages used to describe soil and or rock are based on visual identification ol the retrieved samples. • Moisture content indicated may be affected
by time of year and water added during the drilling process. I Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
bonng was taken. • The stratification lines reoresent the aooroximata bounriariA* totwpnn cnii tww« m» *-tii*i i~ncii;™. m*.. K* „,,,<,, oi •
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148 Pioneer Dr.
Leominster. MA 01453
(617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

Nashu
2
a
3

(603)

Client OLIN CORPORATION Dale 04/18/88 Job No. 88-238

Location GAMES STREET, WILMINGTON, MASSACHUSETTS

BORING GW-32, Ground
NO. DEEP ' Elev.nrp
T
H

5 .

10

15

20_

25

M

35_

40_

Date , .„ Date , . ,„„ Drilling Eng./Hydrol.
Start 04/11/88 Complete 04/14/88 R^man M . Z . Geologist M .B .

Sample Data
Sample

No.

j_

2

^
4

s

6

7

8

9

10

11

12

13

Ri

Depth (h.)

0'6"- 2 "6"

2'eV1- 4 '6"

4 '6"- 6 '-6"

6'6"- 8'6"

8'6" lO 'O"

lO'O"- 12'0"

12'0"- 14'0"

14'0"- 16'0"

16'0"- 18'0"

18'0"- 20'0"

20'0"- 22'0"

22'0"- 24 '0"

24'0"-25 I10"

n #1 26'0"-
27'0"-
28' 0"-
29 '0"-
30 '0"-

Well Materia:
1 - 2" end p!
1 - 10' x 2"
2 - 10' x 2"
1 - 2 ' x 2"
1 - protecti\
1 bag - sakri
5 baes- silic
1 pail- bentc
1 bag - ben tc

Blows
6" Penetration

2-3-3-4

3-3-4-4

7-10-11-11

10-11-12-13

11-12-16

7-10-17-21

12-14-16-17

43-40-24-30

28-32-35-28

13-12-13-20

21-16-47-20

14-21-34-30

29-38-33-12LY4"

27'0" 12 m:
28'0" 15 .
29 '0" 10
30 '0" 9
31'0" 11
s;
UKS
STAINLESS S'
STAINLESS S1:
STAINLESS S1:
e lockine c;
te sand
a sand
nite oelleti
nice powder

Type ol Boring Casing Size-

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Rec.
nches

n./:
tt
it
it
M

EET.
EEL
EEL
sini

Casing
Blows
Per ft.

oot

scr<
risf
ris<

Soil and/or bedrock strata descriptions
Strata

Change
Depth

0'6"

4 '6"

8'6"

14'0"

22 '0"

24'0"

26'0"

31'0"

en
r
r

Visual Identification of Soil and/or Rock Strata

I U F S I I I ' • -
Loose, dry, fine SAND, crace inorganic
silt.

Medium dense, moist to w e t , f ine SAND,
trace inorganic silt.

Medium dense to dense, w e t , f ine to
medium SAND, grading to f ine to coarse
sand, and f ine gravel, crace inorganic
silt.

Very dense, wet , light grey to brown,
fine to medium SAND, some inorganic
silt, some fine to coarse gravel,
trace cobbles, and boulders.

Very dense, wet, fine to coarse SAND,
and gravel, some cobbles, and inorganic
Very dense, wet, fine SAND, some
inorganic silt, trace to, some. fine, to(•narva p-ravoT. f"rarp r * n h n l A < i A n n n l H d - r c

Refusal at 26'0" with hollow stem auger
Run #1 CORED ROCK from 26 '0" to 31 '0H

Trace to some fractures, no loss of
water.
Recovery 44"/60" - 73.3%
End of boring at 31 "0"
Set 2" STAINLESS STEEL well point 31 '0"
Water level at 7'0" upon completion

Hollow Stem Auger Size: 6i HgA & NX Core (2 1/8I1)

Granular Soils (blows per ft.) Cohesive Soils (blows per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense 2 to 4 Soft 15 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) > 1401 hammer falling 30*
Blows are per 6* taken with an 18' long x 2' O.D. x 1 3/8* I.D. split spoon sampler unless otherwise noted.

The terms and percentages used lo describe soil and or rock are based on visual identification of the retrieved samples. I Moisture content indicated may be affected
by time of year and water added during the drilling process. I Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
boring was taken. I The stratification lines represent the approximate boundaries between soil types, the actual transitions mav be oradual. •
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3=:̂  148 Pioneer Dr.
=•== Leominster. MA 01453
5S:=T (617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

Nashu
2
a
3

(eo3) 882-3501

Clisnt OLIN CORPORATION Date 04/18/88 Job No. 88-238

Location EAMES STREET, WILMINGTON, MASSACHUSETTS

BORING GW- 3 2 Ground Date „,,,-,,«,, Date nA/ i i /R f t Drillin9 M 7 Eng./Hydrol.
NO. SHALEOW Elev Start 04/13/88 Complete ° A / 14/t5a Foreman M - z - Geologist M - B -

8
P
T
H

5

10

15

?0

25

30

,15

40

Sample Data

Sample

No. Depth (It.)

Blows
5" Penetration

Rec.
nches

Casing
Blows
Peril.

Soil and/or bedrock strata descriptions

Strata
Change
Depm

0'6"

8 '6"

14'0"

15'0"

Visual Identification of Soil andtor Rock Strata

TflPSnTT.

Moisc to wet , fine SAND, t race

inorganic silt.

Wee, fine to medium SAND, grading to

fine to coarse sand, and fine gravel,

trace inorganic silt.

Wet. fine to medium SAND, some inorganic
silt, some fine to coarse eravel. trace
CoBBleS.
End of boring at 15 T0"

Set 2" STAINLESS STEEL well point 15 '0"

Water level at 7*0" upon completion

Well Materils;

1 - 2" end plugs

1 - 10' x 2" STAINLESS STEEL screen

1 - 5' x 2" STAINLESS STEEL riser

1 bag - sakrete sand

7 bags - silica sand

1 pail - bentonite pellets

1 bag - Portland cement

Type of Boring Casing Size: Hollow Stem Auger Size: 6 1

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Granular Soils (Mows per ft.) Cohesive Soils (blows per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 Very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense 2 to 4 Soft 15 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) - 1401 hammer lading 30*
Blows are per 6* taken with an 18* long x 2' O.D. x 1 3/8* I.DL split spoon sampler unless otherwise noted.

The terms and percentages used to describe soil and or rock are based on visual identification of the retrieved samples. I Moisture content indicated may be affected
by time of year and_waler added during the drilling process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
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=: := Leominster. MA 01453
^£y (617)840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalls
Nashua. NH 030'

(603)882-360.

Client OLIN CHEMICAL Date 11/24/87 Job No. 87-891
Locaiion OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

!srP2s:«nc ar ss ii/ia/87 au^^sa M - Z - sasr
gp
T
H

5

10

1S

20

25

™

35

40

Sample Data

Sample
No

Ri

Depth (ft.)

•

n"7l 39 '6"-
40 '6"-

Blows
6" Penetration

•

40 '6" 8 md
41 f6" 10 mj

flee.
Inches

n./l
n./l

Casing
Blows
Peril.

oot
oot

Son and/or bedrock strata descriptions
Strata

Change
Deptn

15'0"

39 '6"

Visual Identification of Soil and/or Rock Strata

No samples required.

Moist to wet, fine to medium SAND,
trace inorganic silt, trace fine to
medium gravel.

Wet fine to medium SAND, trace to some
inorganic silt, trace fine to coarse
gravel, trace cobbles.

Reiuaal at 4U'k« wHth h( JLloW 4tem f[TO
Run IT COREP,,ROCK from ; 95 to 41T6*.
tofn-u*ru TZ"/9Z?r • SB *T

IVpt of Boring Casing Slzt: Hollow Stem Auger Slzt: 4 J

Proportion Pwccntigts
Trace 0 to 10%

Some10tt>40H
And 40 to 50%

Granular Soil* (blow per ft) Cohesive Sotts (Mom per ft)
0 to 4 Very Loose 30 to 50 Dense Ob2\forySoft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense . 2 to 4 Soft 15 to 30 Vary Stiff
10 to 30 Medhjm Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) . 1401 ha
Blow* are per 6* taken with an 18* long x

mmer falng 30*
2* nil v 1 WC 1 n tnlt wnm IttrrJ^ inb*t rtfh*rwlt« nnturi

The terms artf percertages used to describe soi" ami or rock ara based on visu^
by lime of year and water added during the driing process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
boring was taken. • The stratification Bnes represent the approximate boundaries between soi types, the actual transitions may be gradual. •



_£=^_ 148 Pioneer Dr.
= :=r Leominster. MA 01453
"̂ 5^ (617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

Sheet # _L_ of _!_

23 Ingalls Si.
Nashua. NH 03060

(603) 882-3601

Ghent OLIN CHEMICAL Dale 11/24/87 Job No. 87-891

Location OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

BORING TyPe *3 Ground Dale i 1 / 1 0 / 0 7 Oat« i i / i n / S 7 Orillin9 M 7 EngJHydrol.
NO.Replacemenc Elev. Starr ii'^'ti7 Complete11'18/87 Foreman M 'Z < Geologist

g
P
T
H

45 _

50

<$5

60 J

65 -

70 -

75

80

Sample Data

Sample
No.

Ri

Depm (ft.)

n h 39 '6M-
40'6"-

*

Blows
6" Penetration

40' 6" 8 m:
41' 6" 10 mi

•

Rec.
Inches

n./J
n./:

Casing
Blows
Per ft.
OOC

oot

•

Soil and/or bedrock strata description*

Strata
Change
Depth

41' 6"

Visual Identification of Soil and/or Rock Strata

Run 01 CORED ROCK from 39 '6" to 41 "6" .
Recovery 14"/24" - 58.32

End of boring at 41 '6"
Water level at 7'0" upon completion
Set well point at 41' 6"

Well Materials;
1. - 2" PVC end plug
1 10' x 2" PVC screen
3 - 10' x 2" PVC riser
1 - 5' x 2" PVC riser
1 - protective locking casing
1 bag - sakrete sand
3 bags - Portland cement
1 pail - bentonite pellets

Type of Boring Casing Size: Hollow Stem Auger Size: 4}

Proportion Percentages
Trace 0 to 10%

Some 10 to *0%
And 40 to 50%

Granular SoUs (blows per ft.) Cohesive Soil* (blow* per ft.)
0 to 4 very Loos* 30 to 50 Dense 0 to 2 Very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dens* 2 to 4 Sort 15 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) . 1401 ha
Blows are per 6* taken with an 18' long x

mmer fating 30'

The terms and percentages used to describe soil and or rock am based on visual identification of the retrieved samples. I Moisture content indicated may be atlected
by lime ot year and water added during the drilling process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
boring was taken. • The stratification lines represent the approximate boundaries between sot types, the actual transitions may be gradual. •



r.ROUNDWATER WELL INSTALLATION REPORT

J

J

J

,

J

J

Groundwaccr Well No.: 1

Permeability(1) : 2 x 10 cm/sec

Well Installed by Carr-Dee Test Soring Corp.

Date Installed: Oct. 26, 1977

Project No. : 77348

Soils Described bv R. Gardner, GET

c .-J
o —

fl *>> *•<u —
u

87.3J. 0

82.0. . 3

77.f

72.1

67.8. .

62.8

s. —
C. '

S '

10

IS

25

Split Spoon
Sample No.

and
Location

Blows
per
6"
(3)

SS-3
(overdrove

12")

Rec.
(in.

(4)

17

Sample Description

SS-1
^8" Brown sandy loam. i
^2" Light brown gravelly |

sand.
M" Black medium sand
^€n Light brown gravelly J

sand.

2Sii 1
Top 5" - light brown fine I
to coarse sand. Lost bottom
18". ,

SS-3
12" Black oraanic fine sandl
"M" Light brown fine to

coarse sand.

SS-4 I
^7" Gray-brown fine sand.
•̂2" Black fibrous, organic .

medium sand. [

SS-5
Tan-brown sandy gravel. I
Gravel is angular to sub-
angular and up to M 3/8"
in size. ~>

i.
SS-6
Coarse sand and gravel.
Gravel is angular and up §

to M. 3/8" in size. :

Notes; (1), ( 2 ) , (1) , (4) See first page of Appendix A for additional infonnatio.
(5) Groundwater level is the averaoe of six measurements taken from

November 2, 1977 to May 31, 1978.

Geotechnical Engineers Inc.



TEST B OH ING LOGS

/A J MILLER ENGINEERING & TESTING. INC/ /*J • ) — ~~~ *~ "~ i
i ._ . '

Casino Sampler
TYPE: Hollow Scfcrn Auger Snlic Sooon

SIZE:

H A M M E A :

FALL:

a
<U

10. Oi-

15. 0^

20.01-

23.0J-

10 0'

Gas

f t

2 I / A " ID I 3/8" ID

140 pound*

30 Incf je^

Project :

Pro jec t

nun n i f M T f A i . Sheet o» ' )
U l l f f l t n a e o n . MA. Snrmri NQ- 3-oi1

NO'. _ 60321. 01 L o c a t i o n - i e e P ' . n

Date Start : 6 /26/36
Date End: ft/:7/«6 _ S u r f a c e E lev ;

Groundwate r Obse rva t i ons
D A T E DEPTH C A 3 I N d AT 3T A 8 I L I Z A T l O N P E R I O D

6/27/86 0.6' Overni-hc

Sample
No.
S-l

S-2

S-3

S-4

5_,

Depth
0-1.5*

1.5-3.0 '

3.0-4.5'

4.5-5.5*

in n_in «'

Pen.
' 18"

13"

18"

12"

R"

f

Rec.
12"
12"

12"

6"

i"

Driller: T rnm/,.,lv.

Help

Insp

Ar. R. Marcoux

actor:1 B. chads

Blows/6'

t/12-7
2-10-12
32-19-50

40-50

J4-10/2

Strata
Change

.8*

4.2'

14.3*

Sample Descr ip t ion

S-l: Organic peat, crace f ino sand
and silc. (noise).
S-2: San* as S-l. (wee)
S-3: Very dense, brown, oediua co
fine lilcy sand (uec).

S-4: Very dense, aediuis co f i n e ,
grey, silcy sand with gravel ( w e t ) .

S-S: Sas)« as S-4. (wee)

Terminated ac 14.3' on bedrock.

nmmti*» <MM ma <t • KU, uini IM • HU. IM m . »U. -• us • Mil

cmant stmmua »>•«/»•« tmtumm toutt I««WMVI
1 • I «•> mn » • « ««• >«H
I- » IM CM UM
• • 1 «•>• HIM M • M ••— MM
1 • U >!»» * • M UM

a
o
-T

( I )

( 2 )

(3)

(1) To chre*ded casing 300 fe. haaner ac 6.0'. (3) Hol« «oved afcer excessive boulders at U'.
(2) Pushing pebble, high blow coune. (4> Boulder cor* ac 11.0-12.0'.

Notes: " •«• ite»iif«»iie» I.IMI MHetut in* WMuwn ifmtm MIMU MU. rrni *• IM NUMUIU ur M MMOO..
tl Vtflf U>*k MMIM* Mt« KOI MM 1* M MKl MUI M FIMI MC W*M CWMTItet >U>I* M IM *MI«« l~l. >L\K[WIIMt



M1LEB ENGINEERING & TESTING. INC.

Casino

TYM: HoUow Scan Auq«r

SIZE: 2 t /<>" ID

HAMMER:

MIL:

Sampler

Split Snoott

I 3/8" ID

140 pounds!

TO tnehea

Project: nt TM cin-MTr,M.
Ullalnacon. MA

Project No:

Data Start:.
Date End:

60121.01

7/3/86
7/3/86

Sheet _ L_of _ i_
Boring NO: 3-?s
Location: s«« ?'.

Surface Elev.

Groundwater Observations
OATH

7/21/86

OKPTH

0.7.2'

CASINO AT STABILIZATION PEfllOQ

Ov«rni.jhe

a
IB

5.0'—

10.(

15.0*-

20.01.

25.(

in n'

Gas
bl/
f t

Sample

No. Depth
•̂ »«» A»**^^^

Pen.' Rec. Blows/6"

Strata

Change

14.0'

Sample Description

Pt«c. organic* ulch craca of Cln«

Bcmm to gray, ••dliui to fin* sllcy

Tarmlfucad «t 14.0*.

o
•z.

(I)

i *' MB. uni i» • >•». •• u* • mi.i

Driller: T. Co»»ulk*

Helper: a. ?iareau«

Inspector:1 »• chtid«

t •• MPt

I • II UK*

• • »
M . »
M- S*

Remarks:
(1) No •*•?!•• n««d«d.

Notes: U AM to»Ti>iariH UN* MMIUM nt wnoiwii HIMM* MTMU IML MM* •• IM IUMIIMI •»• u <«»«»•»..
t) ItlW lt>«. M*M«H MM MM MM !• M Mlkk MUI »t tHM «• IMM C**ltl«M tltllt •• M* U«l>* MM. KMIwdtat

W IM 1Mb W ON IMMMltU MT <UM UK t* «IM> MCNM DIM IMH MtMM U tM tlrt XimOU.il MM MM.



TEST BORING LOGS

//J|1_MLLER B^ONEERING & TESTING. INC.

Casino Samoler

TYPE: Hollow Seem Au^ar

SIZE:

HAMMER:

FALL:

Q.

-2

s rv

10.01-

15. 04-

20.01-

25.01.

•in n«

Gas
Dl/

f t

Z 1/4" ID

*VM

Project: 01. FM OlEHTr.M. Shaat 1 nl (

Wtlralnneon. MA Borino Nn- 8-?S

Project No: 60121.0
Date Start: 7/1/36
Date End: 7/:/8<s

Lnration- S<« ?ljn

_ Surtaca Elew;

Groundwater Observations
DATE DEPTH

7/1/36 9.0'

Sample

No. Depth Pen. Rec.

Driller: T. Con0lliVa

Help
Insp

arr ». M»rr«.,-»

actor:1 B. child*

Blows/6*

Strata
Change

8.0'

10.0'

13.0*

19.0'

CASINO AT STABIL IZAT ION PERIOD

— — Overnight.

Sample Description

Madlua co tint, lighc brown, sllcy
sand wich grav«li. ((ill)

Paac organic* with silcy sand,
(aotsc)

.Ighc to dark brown, nadtua Co Cina
silcy aand. (w«c)

Cray, oadlua co fina, silcy sand
fich gravels, (vac)

Taminatad ac 19.0*.

4)

Z

(1)

>«••!«• MOl n»M 1* • Ml. tinU lit • Ml. MM l» ' HU. -« l» • M>

caaint ouum i»»«n»ii cMiivini uun ik«^»Mi
«• 1 MMHTf
J .« an
1 • 1 MM MM
1 • U Ut»

• > » Hi* IMtt

!• • !• MMt

Remarks: ... „ .
(1) No sa»plas naadari.

NOteS: " T"* '«*»""«"•' <•'•*» MMIUM TM tftMUMft tWMUT WTMU UK IWfl <M IM rwtiriM Ml M U**Mt.

1) WIU UMk «4«»l«M MH« HU DM* 1* tM HIU. MU> W IIW M* (MM MMtTIM* IUIII W Ml M*IM vMt. hMl<uri««

II IM V4«L W IM 4MWMKIU Mf WCM IM I* MM* >MT*M IM* IMM nfMCf <l IM flM l«U«M.«llll XW ~M.



/I J MILLER ENGINEERING & TESTING. INC.

f . '

Project-

Project

Date St
Date En

OI.TM nH-MTfAI. S l^aat '• Ol i

Uiiralnnton. MA Hnrmq No- 3-70

No: 60321. ni Location- s«« ••!..•.
art: 6 /27/86
d: 6/30/86 Surface Elav;

Casing Sampler Groundwaier Observations
TYPE: Hollow Scaa Au?« Solit Sooon °*T1 0«PTH CASINO AT STABIL IZATION P6HIOO

SIZE:

HAMMER:

FALL:

.C
Q.
0)

IO.OJL

15.0'-

20.0J-

23.01.

<;

TO n*

Gas
bl/
f t

2 1/4" ID I 3/8" ID 6/30/86 9.0' Ov,jrrui;hc

140 pounds |

— }0 Ipches

Sample

No.
s-i

«-5

5-1

S-4

S-5

S-6

S-7

s-a

S-9

s-to

s-u

S-12

Depth
o-us1

i ^-i.n1

l.O-A.S*

4.5-6.0'

6.0-7.5*

7.J-9.01

9.0-10.3'

10.3-12.0

12-13. J1

13.3-U.V

20. 0-21. 31

23. 0-26. 51

Pen.
. 18"

IR"

18"

18"

18"

18"

IB-

IS"

18"

10-

18"

IB"

Rec.
12"

i-"1

12"

12"

4"

18"

2"

18"

U"

9"

9"

9"

Driller: T. coaouika

Help
Insp

ar- R. itarcoux

actor:- B- c"1""

Blows/6*
4-5-7

q--)0-T>

7-6-d

5-2-3

2-10-4

2-2-2

5-6-13

16-22-31

50-23-27

27-50/5

34-27-19

12-13-17

Strata
Change

8.0'

10.0'y

13.0*

Sample Description

S-l: Looa*. lighc brown. ra«dlui» co
fin« sand wich graval. (fill)

S-2: SaM as S-l.

S-3: SaM as S-l.

S-4: 'SaM as S-l.

S-5 1 SaM as S-l.

S-6: PaaCt orfanics with tract of
sllc. (noise)
S-7: Vary dans*, light co dark
brown, Mdlua) co fia* lilcy **2d

c)

S-8: SaM as S-7. (vac)

S-9: Vary daosa, gray, madiua to
lina silcy Mad with gravtl l.u«c).
S-10: Saaa as S-9 (w«c) .

S-U: Sam* *• S-9. (wac)

S-12: Wash, fin* gravel, naUlun
aand. (wae)

CMIM iMninai -»Mi-r»«i CMttwtcn mun ikow>«<>
• - 1 «M IW • • 1 VU* tMMt

t - • Mfl • ' M fcMH
• • 1 MMM Ml«* M • M (••!•• ««*4
1 . 11 HIM M • !• KM
•• >M* '* «« mnt

4)

O
Z

1
(1)

... 1

!
/
I

i

j

(3) •

i

i

j

Remark a* <l> ^a* blow counc **• ee P *̂"-0! p«ooi«. \
(2) Changad ee ehraadad casing v/300lb ha»ar ac 14.3'. j
HI Hash, material, tram ildaa at hoi*, not boCCOW.

Notes* " r<* «'••""«*"•• "•*• imiMr mi A/rMUM»f im«»if MIMU Ma rmi «• it n— »iut» ».. >i .I.̂ M..
1) IUIU U»«fc MMIMt MX HU MM !• TM »1U. MUI U flM« «• «MW CIMMItn IftlU M IM M«l>4 I— ». fvoCMX'Wt

II tM iVML M TM UMMMMtU Mt OCCW Ml 1* MM! MCNM OlM MU PHU*r <l Ii4 flM >«>teM.«lll 1 «1« i«*t. |



",ROUNDWATER WELL INSTALLATION REPORT

Groundwatcr Well No . : 2 "ate Installed: Nov. 1, 1977

Permeability'11 : 9 x lo"3 cm/sec Project No. : 77348

Well Installed by Carr-Dee Test Boring Corp. Soils Described by R. Gardner, GEI

0)
*4

u

-67.6-4-

a2.6-L 5

77.eJ. 10 -I K=t

72.64 15

67. 6 J.

62.6

c. •*-

25

Rec.
( i n . )

(4)

13

18

17

17

Sample Description

SS-1
M" Humus.
M2" Black silty fine sand
with roots and fibers.
Slight organic odor.

SS-2
Yellow-tan fine sand.

SS-3
'̂ 6" Gray fine sand.
M" Yellow medium sand.
V7" Yellow-gray fine sand.

SS-4
Yellow-gray fine sand.

SS-5
Olive gray fine sand;
strong odor.

SS-6
Brown gravelly fine to
coarse sand.

•Refusal of chopping bit.

Notes; (1), (2), (3), (4) See first page of Appendix A for additional information.
(5) Groundwater level is the average of seven measurements taken fron

November 2, 1977 to May 31, 1970.

Geotechnical Engineers Inc.



GROUNDWATER WELL INSTALLATION REPORT

Groundwatcr Well No. : 3 Date Instal led: Nov. 1, 1977
/1 \ _j

Permeability'^' : 2 x 10 cm/sec Project No. : 77348

Well Installed by Carr-Dee Test Boring Corp. Soils Described by R. Gardner, GEI

C<N
o~-

••4

*J -~19 W
> •"
4, —^
U

85.4-

80.4. . 5 «

75.4. . |0 •

60.4

£.
4J
C. <2

70.4. . .

65.4. .20 -

Rec.
( i n . )

(4)

16

15

21

16

15

Sample Description

SS-1A
" Dark gray fine sand and

humus.
SS-1B
MO" Gray fine sand; slight
odor similar to that of
lagoons.

SS-2
Yellow-brown fine sand;
slight chemical odor.

SS-3
Olive-brown silty fine sand

SS-4A
MO" Yellow-brown fine
sand; slight chemical odor.
SS-4B
"v-6" Gray and black mica-
ceous sand and gravel.
Gravel is angular to sub-
rounded.

SS-5
Olive gray silty fine sandy
gravel. Gravel is black and
angular up to M/2" in size
Trace of mica flakes.

•Drove open-ended "A" rod
with 200 Ib weight.

Refusal at 22';
120 blows/0.5"

Notes; (1), ( 2 ) , ( 3 ) , (4) See first page of Appendix A for additional information.
(5) Groundwater level ia the average of seven measurements taken from

November 2, 1977 to May 31, 1078.

Geotechnical Engineers Inc.



GROUNDWATER WELL INSTALLATION REPORT

Groundwatcr Well Ho.: 4 Hate Installed: Oct. 31, 1977
*

Permeability ( 1 ' : 5 x 10 cm/sec Pro]ect No. : 77348

Well Installed by Carr-Dee Test Boring Corp. Soils Described by R. Gardner, GEI

c <N
0 "-

L:

.79.04- 0

74.8. . 5 .

69.8. .

64.8. .

54.8

c. i~

59.8. . 20 -

25

Split Spoon
Sample No.

and
Location

Rec.
( i n . )

(4)

24

15

15

11

Sample Description

S5-I
" Humus.

Olive-brown fine sand.

SS-2
W Sliqhtly sandy humus.
"W Olive-brown slightly
silty fine sand.

SS-3
Light olive-brown slightly
silty fine to very fine
sand.

SS-4
Tan silty very fine sand.

SS-5
Black angular rock frag-
ments up to "̂ 3/4" in size.

Notes; (1), (2), (3), (4) See first page of Appendix A for additional information.
(5) Groundwater level is the average of seven measurements taken from

November 2, 1977 to May 31, 1970.

Geotechnical Engineers Inc.



j
r

J

J

.1

J

GROUNDWATCR WELL INSTALLATION REPORT

Groundwacer Well N o . : 5 Hate Installed: Oct. 31, L977

Permeability11* •' 6. x 10* cm/sec Project No. : 77348

Well Installed by Carr-Dee Test Boring Corp. Soils Described by R. Gardner, GEI

C<N
o ~

u

•76.3-

71.3.

66.3.

56.3- -20

51.3

61.3- • IS •

Split Spoon
Sample No.

and
Location

Sample Description

SS-1
Black sandy humus.

SS-2A
^7" Dark gray silty Cine
sand; organic odor.
SS-2B
•̂8" Dark gray silty Cine
sand; no odor.

SS-3
Gray-brown slightly silty
fin* sand.

SS-4
Gray slightly silty sand
and gravel. Gravel is
angular to subangular up
to ̂ 3/4" in size.

No refusal

Notes; (1), (2), (3), (4) See first page of Appendix A for additional information.
(5) Groundwater level is the average of five measurements taken from

November 2, 1977 to May 31, 1978. Hater was not ponded around surface
casing at time of measurements.

(6) Prior to May 31, 1978, distance from ground surface to top of casing
was 3.4'. Casing was removed to perform permeability test and
replaced to present "stickup" of 3.1*.



J
GROUNDWATER WELL INSTALLATION REPORT

J

J

]

Groundwater Well N o . : 6

Permeability'1 1

well Installed by Carr-Dee Test Boring Corp.

-4
1 x 10 cm/sec

Date Installed: Oct. 20, 1977

Project Mo. : 77348

Soils Described by R. Gardner,

o —

41 —

U

-87.2- • 0

92.2. . 3

77.2- .

72 .2 . . ,5

67.2..20

62.2

c, *.

Spl i t Spoon
Sample No.

and
Location

Rec.
(in.)

(4)

15

12

12

11

Sample Description

SS-1
1̂0" Dark brown loamy fine
sand.
^5" White fine material in
layers. Similar to that in
adjacent lagoon; strong
ammonia odor.

SS-2
Dark brown loamy sand
grading into black fine
sand; strong odor.

SS-3
Yellow-brown slightly silty
fine sand; strong ammonia
odor.

SS-4
Similar to SS-3 with slight
amount of gravel up to ^i"
in size. Odor similar to
that of lagoons, less
ammonia odor.

SS-5
Top - Silty fine sand.
Bottom - Dark brown mica-
ceous fine sand. Tip of
spoon plugged with silty
fine sand and piece of
gravel M 3/8" in size.

(1), (2), (3), (4) See first paoe of Appendix A for additional information.
(5) Groundwater level is the average of seven measurements taken from

November 2, 1977 to May 31, 1978.

Geotechnical Engineers Inc.
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GROUNDWATER WELL INSTALLATION REPORT

Groundwater Well No. : 7

Permeability : 2 x 10 ' cm/sec
Well Installed by Carr-Dee Test Boring Corp.

.-4

Dace Installed: Oct. 27, 1977

Project No. : 77348

Soils Described by R. Gardner,

C fM
o —

•r4
4J -~

* **
> **

V —r+
u

92.7.

77.7- • 5 •

72.7.. JO •

57.7

a «-

67.7. . ,5 .

62.7. .20

Split Spoon
Sample No.

and
Location

Blows
per
6"
(3)

-1-1-

Rec.
( in . )

(4)

12

IS

14

Sample Description

S5-1
Sandy peat.

SS-2
Sand and gravel mixed with I
fines similar to material
in lagoons. Odor similar
to odor of material in I
lagoons. '

SS-3
Similar to SS-2 except
more natural fine material;
strong odor.

*120 blows on split spoon
with 140 Ib weight; no
penetration.

Notes; (1), (2), (3) , (4) See first page of Appendix A for additional informatic
(5) Groundwater level is the average of seven measurements taken from

Novenb«r 2, 1977 to May 31, 1978. '

Geotechnical Engineers Inc.



J
GROUNDWATER WELL INSTALLATION REPORT

Groundwatcr Well No.

Permeability(1)

Date Installed:

Project No. : 77348

Soils Described by R. Gardner, GEI

C (N

0 —
<9 U

% "
U

•

•

u JJa >«
"

3 •

• 10 •

• e •

•20

Well Not
Installed

Split Spoon
Sample No.

and
Location

Blows
per
6"
(3)

SS-1A Bs-7-6-
SS-1B A.?nn

Myir

Rec.
(in.)

(4)

10

Sample Description

,

SS-1A
•̂5" Brovm loamy fine to
coarse sand. Trace of

1 gravel .
1 SS-IB
5̂" Tan silty fine sand.
Trace of medium to coarse
sand, gravel and mica
flakes.

•Drilled rock - BX core.
100% recovery
RQD * 0%
Ugper 12" is massive
Lower 18" is very
broken.
Some high angle joints .

Notes; (1) Not applicable.
(2) Not surveyed.
(3), (4) See first page of Appendix A for additional information.

Ceotechnical Engineers Inc.
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GROUNDWATCR WELL INSTALLATION REPORT

]
]
]
]
]

]
]
]
]

Groundwater Well No. : 10
rrrr•"Permeability' -2

1.x 10 cm/sec

Date Installed: Nov. 2. 1.977

Project No. : 77348

Well installed by Carr-Dee Test Boring Corp. Soils Described by R. Gardner, GEI

u —
flj U

u

.87.1-4- 0

82.:

72.1- • 15

67.1- .20

62.1

£.
4J

Q. '

&

Blows
Sample No.

and
Location

Rec.
( i n . )

(4)

14

13

I

Sample Description

SS-1A I
^4" Black sandy humus.
SS-1B
1̂0" Orange-brown fine |
sand; slight organic odor.

SS-2A I
•V6" Similar to SS-lB '
SS-2B
^7" Similar to SS-lB excepti
for presence of subangular i
gravel up to 1/2" in size.

SS-3
Yellow-tan silty fine sand

\

•Drove open-ended "A" rod '
with 200-Ib weight.
Recovered slightly silty
sand and gravel. i

**Drove open-ended "A" rod
with 200-Ib weight. No
refusal. Recovered silty
medium to coarse sand with
material sinilar to that in
nearby lagoon. '

Notes; (1), (2), (3), (4) See first page of Appendix A for additional informstior
(S) Groundwater level is the average of seven measurements taken from

November 2. 1977 to May 31, 1970.

Ceotechnical Engineers Inc.



TEST BORING LOGS

/I 4 MB LER ENGINEERING & TESTING. INC.
/ A • | ~~ l
( • — — '

Casinq Sampler

TYPE: Hollow Stem Auqer Soltc Spoon

SIZE:

HAMMER:

FALL:

a
0)

1 ft1

10. OJ-

15.0*-

20 ."OJ-

25.0^-

in n*_

Cas
bl/
f t

2 1/V ID I 3/8" ID

KO pounds

70 Ipchej

Project:

Project
Date St
Date En

OI.TM riiFHrrAi. Sheat ! .of . •
'Jllnln«con. MA Borina ^4O• 3-3

No: 60321.01 Laration- S*e <". ^

d: 7/u/as Surface Elev:

Groundwater Observations
D A T E DEPTH CASINO AT STABIL IZAT ION PERIOD

7/21/86 32" — Upon ComoUclon

Sample

No.
S-l

5-?

S-3

S-4

S-5

3-6

S-7

s-a

S-9

S-10

Depth
0-6.5'

fi.S-fl.Q-

8. 0-9. 5'

9. 5-11. O1

11.0-12.5

12. 5-14.0'

J4.0-15.S'

15.5-17.0'

17. 0-19. $

22. 0-22. 01

Pen.
• 13"

18"

18"

18"

18"

18"

18"

18"

6"

0"

Rec.
18"

ia"

12"

• 18"

18"

18"

18"

18"

2"

0M

Driller: „. o'Ambro.io
Help
Insp

ar- ^ Marraw
eCtOrt' 8- Chllds

Blows/6'
Weight of

rod.

H-2*-jq

4-2-6

3-5-9

5-9-11

4-6-9

7-8- 1 1

5-8-12

50/6-50/0

50/0

Strata
Change

7.4'

17. 0'/"

Sample Description

S-l: Peat, organlcs wich trace
Jilt and sand, (noise)

S-2: M*diu« dense, raedlua brown
alley sand, (aolse)
S-3: Sa»e a* S-2. (wet)

S-4: SaM as S-2. (wee)

S-5: S*M as S-2. (wet)

S-6: Saaj* as S-2. (wee)

S-7: San* as S-2. (wee)

3-8: Saaw as 5-2. (wet)

s~9s Very dens*, gray, jilty sand
vita gravel (wee) .

S-10: Boulder, no penetration.

terminated ac 27.2' on
bedrock.

»••!•« MM IIKI M • MO. umi ii* • Mi. IM ia • mi. «• IM • mi

cwtnt '*— "*T~ •» mtnmn tmmmm nun I*M ,̂»»

t • t t«l •» 1 • • KM IM14

1 • • «•» « • "• ><M>
» • • lOMi KM H • M IUH* •«>

1 • It tlM > • i» KM
)•• ^«* )*• «i«fl HM4

0
2

(U

C)

( 3 )

Remarks: O Pushing scon* for high blov count. (3) Hoi* terminated ac 27.4 ' , lost iiioe,
(2) Hoi* terminated ac 27.3* - lose wrench aoved 2'. aovsd another 2*.

Notes: " '"* "»»""«•»•• *•'••» •"*'«•' n* «»P«*«U*MI MUMMY tin
2) UUU IMl MMIM« MM MM MM M IM »»IU. Mill «l FIMI

II IM 14V*V 1* IM IMMMfll HM OCaW M 1* MM* f WTMI

tfCa Mil ttHt M* 04 llM«4CI<M Atr 41 .I,', i«fc.

IHM AM* M(MM »l M III* Ft>UM.K«ll «i. >»M



GROUNCWATER WELL INSTALLATION REPORT

1

1

1

Groundwater Well No.: 11
M \ — 4Permeability11' .- 5 x 10 cm/sec

Well Installed by Carr-Dee Test Boring Corp.

Date Installed: Oct. 31, 1977

Project No. .- 77348

Soils Described by R. Gardner, GEI

CIN
0s-

a —
r+
u

35. &

no.

75.

70.(

60.6

JC >
u
C. '

10

Split Spoon
Sample No.

and
Location

13

16

Sample Description

SS-1
Gray-brown sand and gravel
mixed with material similar
to that in lagoons*.

SS-2
Dark brown slightly sandy
forest nulch.

SS-3
Similar to SS-2.

SS-4
Gray to olive-brown
slightly silty fine sand.

SS~5
Gray-brown slightly silty
fine sandt odor similar to
that in lagoons.

SS-6
Drown silty sand and gravel
Gravel up to M." in size.

No refusal.

notes; (1), (2), (3). (4) See first page of Appendix A for additional information
(5) Groundwater level is the average of seven measurements taken from

November 2, 1977 to May 31, 1978.

Geotechnical Engineers Inc.



NEW ENGLAND POLLUTION
CONTROL CO., INC.

7 EDGEWATER PLACE
EAST NORWALK. CT 068SS

24 HOUft SERVICE
K>UUT!ON CONTROL SUPPLIES * SERVICE

7th, 1°30

Q EAST NORWALK. CT

a NEW HAVEN. CT
D NEW LONDON. CT.
Q NEWARK. N.J.

D PHILADELPHIA. PA.

203/443-iii
201.589-';
215/563-3-r

Page of

Job No

01 i r. C o r ?•. Boring No.

Fixed Datum used is

Ground Surface this boring is .

DEPTH

f«m

0'

3'

10'

10'

TO

3'

10'

15'

19 '6

H L A S S I F I C A T I O N
B« Car«'u' »"d ACOjr»t«

lro'-m sand stnined
vith Product

2rown sand, f ine to

nocli-im arada
3rown sar.d, snail to
i.iedia.-n bouldar

Refusa l

3" PVC slotted veil
installed

CASING
8LOWS

0-27 28-54

SAMPVE

NO.
0«Pt*

No. ol

1st6"

30" 8 'ow» on

2nd6'

•

3»d8'

SOOOni

4th6 '

Recovery

I n .

t.ost Aaie' •
(X

Sema»k5

Ground Surface to

Water tevet is

Water level is

.ft. used.

. ft. below Ground surface

.It. below Ground surface

.casing. Driller

_ hrs after completion Helper

D. Florent ine

G. n i r < - h a r d , J

hrs. after completion Rig. No. .
21

Boring stopped by



Rain _-SC'3.T..

Fixed Datum us<

Ground Surface

I CONTROL CO., INC.
3 7 EDGEWATER PLACE

EAST NORWALK. CT 06IS5

24 HOUR SERVICE
POLLUTION CONTROL SUPPLIES 1 SERVICE

;er 4th, 10SO

Oli.'i Con.-. /ill:rungton , 1'aiss.

thi^ hfirinn i« . .

a
a
a

NEW HAVtN. Ul 4WJ . . . . - ,.

NEW L.ONOON. CT. 203/443- v
NEWARK. NJ. 201/589- '<
PHILA061.PHIA. PA. 215/563-9-.-.

Jrth No

^<7nnrj Nrt "" V ̂  L»J

DEPTH

Frem

0'

10'

14'6'

To

31

14 '6

15'

C L A S S ! F l C A 7 I O N
6* C3r«lul and Aceurat*

Light bro^vn sand fine
no meaum graa^

' Light brown, sand ^in

to medium grade Sii-.all
to meaiun -c-ilcisrs

.lef'jsal

-
•

-

CASING
SLOWS

0-27 28-5*

•»

SAMPLE

NO.
Ocoth

No. ol 30" Blow* on Sooon

1»«6'

'

2n<J6'

•

3rd«* 4W6'

i

Recovery

in.

Lost ««t«f *
or

Remarks

i

Ground Surface to.

Water level is

Water level is ____

.ft. used.

. It. below Ground surface.

. It. below Ground surface

.casing. Driller

. hrs. alter completion Helper

. hrs. alter completion Rig. No..

D. Florentine

C. Birchard, J.

21

Boring stopped by



BORING GW-L7S

PROJECT = ol in-Wil minion PROJECT NO: 2ft4-10-lEOO

DATE: 3 / 4 / a i LOCATION- wilminaton. I1A

DRILLING CONTRACTOR: «,oi -, p^lora*- ion INSPECTOR: CAKraemer

DRILLING METHOD: 3,,,. ho1 low stem' SAMPLING METHOD : j|one taken

auaers
ELS'/AT ION:

SAMPLE

no. deoth
blows
oer 6"
|

5

10

15

20

30

35

2
c.
VI

DATUM:

SOIL DESCRIPTION
density, color, SOIL, admixtures.
moisture, other notes, ORIGIN

d l

~

;;OTES: Monitorina well installed. Tio of 5.0 foot 0.010-inch machine slot
well screen set at 3.0 feet and backfilled with medium uniform sand
to 2.0 feet. Cement-bentonite slurrv from 2.0 feet to ground surface
5*-foot loner 6-inch diameter protective steel sleeve, with lockina cao
Placed on top.

SHEET 1 OF



BORING GW-ldS

PROJECT: n1 ( n_U H 1 m < n ( J < . r t n PROJECT NO: 5 f l d . T q _ T P o o

DATE: , / ^ /HT LOCATION^, m- n^Qn Ma

DRILLING CONTRACTOR: ^^ RvpinMi.fnn INSPECTOR: r*«r.»+m*r

GRILLING METHOD: .,wit h r i l l r tu ^^m SAMPLING METHOD: None taken"

a«rt*r«*

ELEVATION: DATUM: :

SAMPLE

P.O. death

-

blows
oer 6" D

EP
TH

10

15

20

25

30

35

ST
RA

TA SOIL DESCRIPTION
density, color, SOIL, admixtures.
moisture, other notes, ORIGIN

-^ 2

—

J

RiMA u

i

i

i

;:OTES: MonitoTinq w«ll installed. Tio of 5.0 foot 0.010-inch machine Sj
well screen set at 10.0 feet and backfilled with medium uniform sar v.
to 3.0 feet. Cenuant-bentonite slurrv from 3.0 feet to around surf a r
5-foot lono 6-inch diameter protective steel sleeve, with locking >
placed on too.

SHEET 1 Cc



BORING GW-L9S

PROJECT: n1 i n _ M n minion PROJECT NO: 234-10-lgQO

DATE: 2/12/31 LOCATION- wilminoton. [LA
DRILLING CONTRACTOR: c^ n Fxnloration INSPECTOR: CAKraemer

DRILLING METHOD: ?^n hollow Stem SAMPLING METHOD: None taken

auaers
ELEVATION: DATUM:

sAxrii

no. death
blows
oer 6" D

EP
TH

5

10

15

20

25

30

35

Z
•h

SOIL DESCRIPTION
densitv, color, SOIL, admixtures .
moisture, other notes, ORIGIN Ci

kJOTES : Mon T-^o^incr veil in^^a lTed . Tin nf S n fon^ fi Oin — in/^h
wol ^ 9r*T*OAn «^-h ^^ 1 fl tl ^oe^ anH Har"V^i 1 1 o<^ wi +»h m»« i iim
t-n T S faa* ratnorH--XorH-rt« i +-a «1ii>-r-^r ^T-«™ 1 ^ 4r«^<- V« «-^

^— ?pn^ 1 nnrt fi— inf 'n rl i amA-hor* pi'nl'Af *• i ^ro ai*aal aloorra ui ^

C
O

N
ST

 .

-

ma cm i no si.

11 T

m
h

i i ^OT-TI caw
,n^ -,,^ia/.

1 nr> > i — " -»

->Vao*»^ nn too

T) SHEET i a_ l_



PROJECT: olin-Wilminaton

D"TE: 2/26/81

DRILLING CONTRACTOR: qoil Exaloration

DRILLING METHOD: 2I," hollow Stem

auaers
ELEVATION:

3 AMr Li

no.
C 1

u i

S-3

deoth
r ) > _ 7 «

2 '-4'

4'-5.5'

blows
oer 6"

,
4
22
17
10.
40

n
12
2J
15
13

|

5

10

15

20

25

30

35

i.
2

PROJECT NO: 284-10-1EOO

LOCATION- Wilminoton. MA

INSPECTOR: CA Kraemer

SAMPLING METHOD: 2 " SDlit SPOOn

300 Ib. hammer with 24" drop
DATUM:

SOIL DESCRIPTION
density, color, SOIL, admixtures.
moisture. other notes. CPIGIN

Top soil and roots, O.O'-l .O feet
Medium dense, brown, SAND, some
gravel, trace silt, moist Grading
to dense, SAND and GRAVEL trace
silt

Very dense, gray /brown, SAND some
silt, some gravel, moist, GLACIAL
TILL

Top of Rock 15.0 feet
Run 1, 15.0'-L6.5' Run 15. feet
Recover 1.0', 67% recovery
Run 2, 16.5'-21.5' Run 5.0' Recover
3.9' , 63X recovery

Bottom of boring 21.5 feet

- sS

—

—

.

;;OTES: Monitorina well installed. Cement-bentonite slurrv from 15.0' to
21.5' Tin of 5.0 foot 0.010-inch
14.7' feet and backfilled with m

machine slotted well screen set at
Arfinm uniform sand fco 3.0 feet •_ . ~- TT

bentonite slurrv from 8.0 feet to around surface. 5-foot lona 6-in *
diameter protective steel sleeve, with lockinq cap, placed on top.

SHEET 1 OF I



BORING

PROJECT: oi in-Wilminqton PROJECT NO: 284-10-1EOO
DATE: 3/5/81 LOCATION- Wilmington, MA

DRILLING CONTRACTOR: soil Exploration INSPECTOR: CA Kraemer
LRILLI'.IG METHOD: 2*j" hollow Stem SAMPLING METHOD: 2" Split spoon

augers 300 Ib. hammer with 24" drop
ELEVATION:

SAMrL2

no .
C 1

5 1-2

Sml

death

0'-2>r

7 • _/. •

A ' - A '

blows
oer 6"

]_
n
<;
s
Q

i?

q
n
A

A
1 1
1 1

I
/•^

5

10

15

20

25

30

35

<

2
•n

ilOTES: Monitoring well in^al

DATUM :

SOIL DESCRIPTION
c^ensicv, color, SOIL, adnixtures,
moisture, other notes, ORIGIN

Very loose, dark brown, PEAT,
little sand, vet
Medium dense, brown, SAND, trace
silt, wet
Dense, brown/ gray SAND, some SILT,
some gravel, moist GLACIAL TILL

Top of Rock 15.0 feet
Run 1, 15.0'-17.5' Run 2.5' Recover
2.5' , 100Z recovery
Run 2, 17.5'-20.0' recover 2.0'
80X recovery

Bottom boring, 20.0 feet

— 2d 0i '_i

*̂

—

Or-vi3"

1 ad Porno r> +•— Han Vi~i« i ^a al n«*v»<r £«»n<«. 1 S - Cl ' *• r\

2 Q t Q * Ti'D of 5.0 foot 0.01Q— inch maehin*» ^Inttad i?*P* WA! 1 ar-roon ac
a^ jl,4.5' feet and backfilled wit°h uni form mpHinm aanrl *n d A f^^-^
Cement— bentonite Slurry from 4.0 feet to <yrrmnd surface, y — font- 1 nnr
inch protective Steel Sleeve, with locJcino ran. plared nn +-op

SHEET 1 OF



BORING GW-22S

PROJECT: oiin-wilminaton

DATE: 3/5/31

DRILLING CONTRACTOR: goil Exploration

D°:LL::;G METHOD: 2^n hollow stem

auqers
ELEVATION:

SA.'-'.riZ

no. deoth
blows
oer 6" 1

5

10

15

20

25

30

35

IS
TR

AT
A

PROJECT NO: 284-10-lEOO

LOCATION- Wilmington. MA
INSPECTOR: CA Kraemer

SAMPLING METHOD :None taken

DATUM:

SOIL DESCRIPTION
density, color, SOIL, admixtures,
moisture. other notes. OPIGIN

Bottom of boring 15.0 feet

-J '4
u ?.

-

::OTES: Monitorina well installed. TiD of 5.0 foot 0. 010-inch machine s_
well screen set at 15.0 feet and backfilled with medium uniform sar
to 8.0 feet. Cement— bentonite slurry from 8.0 feet to <JT*rinnfl SU1"^^1 -
5-foot lone 6-inch d.iamfl[ter protective steel sleeve, with locking
placed on too.

PSI SHEET 1 OF



TEST BORING LOGS.

^
MILi.Efl ENfiJNEEPING & TESTING. INC.

r .. _ — . — . . •

Project:

Pro ject

ni.TH Hi^fr^i s^ee t ' of '

Utlninccon. MA , Snrinq No: =(-1

No: 60321.01 Lnr.alinn- S... ;M .n

Data Start : 6/19/86

Date End: 6/19/86 Surface Elev

Casing Sampler Groundwater Observations

TYPE: Hollow Seen Aueer Split Sooon °*TE DEPTH CASINO AT STAUILIZATlOn PERIOD

SIZE:

HAMMER:

FALL:

a
a

-a

^ 0'

10. (U-

1 T f\JL~

20.0J-

2J.O^_

IP. n_*

Cas
bi/
(t

•

2 I/'" ID 1 3/8" ID 6/:0/86 ? .2 ' Overnight

140 pounds

]0 Inches

Sample

No. Depth Pen. Rec.

Driller: T rnmnujwa
Help
Insp

Ar. B. Marcoux

ec.or:- •• *"-

Blows/6'

Strata
Change

12.0'

20.0'

Sample Description

Dark brown -gray, medium to fine
sand.

Dark to light gray, medium co fin*
sand vith gravels, (wee)

Terminated at 20' .

FMfi« MIX ma u • m>. HIM IM • mi. M« <» • mi. >*»» • »u

(Mint (SMIUm m««iT«ll CMIWiCU UUIt mm/Mil

1 - 1 •»«• Ml •••••• >— «4
I . 1 H» • • 1* IMt
• > 1 «*• WM W • H «•«• IMH
1 • U 1IM» 1* • '* •«»

M» •«* )•• n*t U*M

«
o
Z

(1)

(2)

Remarks: (I) Ho saaplea required.
(2) Hoi* saved after auger lost down hola at 13.0*.

NoteS: " '"* "••'•"«"«• <•'•*» •««»•«»« IM VM«>mr( MMMH HIMW WK ITCtt -» IM U«UIIU» .»< M ̂ IMkM.
I) »iu uv*t >O*IM> •»« MM MM m n« Miiw xu> a rir«« u« >MM UMIIKM ii>u* ^ IN* u*iw ^™». riMi^tita>

II IK IMt »* IM OMVMMIU MT KCM IM >• »!•«• »«t»» KM IMM4 MIUM 11 M >lp« KAMM.«ult ^<t ~t«.



/4ft MILLER ENGINEERING & TESTING. irJC.

r_r-

Casino Sampler

TYPE: Hollow Seem AUH«C

SIZE: 2 1/4" ID

HAMMER:

FALL:

Project: OT.TH ri
W i l m i n g t o n . MA

Project No:

Date Start:
Date End:

60121.01
6/:7/86
6/27/86

Sheet Lot-!
Boring No: 3"
t-ocalion:

Surface Elev;_

Groundwaler Observations
OATI

6/30/86

DEPTH

0.6'

CASINO AT STABIL IZATION PERIOD

Ovecnlijhc

a
0)

5.0'—

10. C

15.0*-

20.C

25.(

30 0'

Gas
Ql/
f t

SampU

No. Depth_ Pen. Ree. Blows/6'

Strata
Change

4.2'

12.0'

Sample Description

Organic p«ac with cract fin* sand
and silc.

Cray. m«Ulua to tin* sand and stU
with gcav«l. (u«e)

Tanainacxl ac 12.0*

01

o

( I )

Driller: T. c<wouik«

Help«r: R. Mareoux

Insodctof.- »•

I* • HO. 1IIIU IM •

I-t <«tMM
!•• "H
« • • •«• MU
I • U Mat

I. MM IM • ltd. M« tit • I

\umi» tauu •«•*.«."
t > I «M MM*
• • » 1IM

Remarks: Mo «aapl«» r«qulr«d.

Notes: U M tiMtiritttiM ti>
It HUM imi MWIMI • MHI l«

M I* «
I w riMt M* i
I >MMM IM* <

IX fWMItlM n» It U**»
IUIII M IM W*IM k—I,



TEST DOPING LOGS

M MILLPR ENG1NEERNG & TESTING. INC.

Casino Samrjler

TYP5: Hollow Seen Au<«r SpUt Spoon

SIZE;

HAMMER:

FALL;

Q.
ID

30.0'

40.41

45.01

50.JV

55.0'

60.0'

Gas
bl/
f t

2 1/i" ID 1-3/8" ID

HO nn,,nH«

30 lnches

Project:

Project

01 IM ClIEMTPAL ^l \aet - Ql 1

Utlralnacon. HA Rorino NQ- 3-"0

No: 60321.01 Location- SCB HI^H
Date Start : 6/27/86
Date End: 6/27/86 Surtaca Elev;

Grourtdwater Observations
D A T S DEPTH CASINO AT S T A B I L I Z A T I O N PEHIOO

•s/m/o* 04> >„.„,,„,

Sample

No.

S-ll

S-I4

S-15

Depth

30.Q-T1.5'

35.0-35.5

40.0-41.5"

Pen.

ia"

6"

ta»

Rec.

12"

0"

4"

Driller: T. Cooouik*
Help
Insp

art R. Marcoux

actor:1 B- child*

Blows/6"

H-11-14

50

66-44-24

Strata
Change Sample Description

5-13: Ua»h, nadlua co fin*, brown
sand with grav*].. (w*c)

S-15: S*M a* S-9. (w*c)

t*nin*c*d ac 42.7' ,
bedrock.

MmiM MtM ma M * MM. unu iw • Mti. •«• (W - mi. M« ill • uu

c*4>m [•utran UMIIIMI auwii* nun IBMUIMI

1 - 1 tM MTf • • « « • « I»M
1 ' < Mil • • 1* KM*

1 • U >l»> M • !* »~»

o
•2.

Remarks: (i) Bouid*r cor* « 3*.9'-38.0'.

1> VMM Um MMIMU MIX ltd MM II IMI MIU. Mill a TIMI <MI ••*• CMIIIM ITMII W tM tMIM kMt. KnCIUillO.1

M IM IMk f *M ••••••101 MM KCM *l( >• MM! >«?«« TUMI <MM MMlUt >l tM] riK XtHKtMIII >4'< ~*(.



148 Pioneer Or.
Leominster, MA OM53
(617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalls Si.
Nashua. NH 03060

.603)882-3601

;••,« OLIM CORPORATION Date 04/18/88 .cb No 8.^-238

j U-ciion EAMES STREET, WILMIS'GTON, MASSACHUSETTS

30RING GW-31 .' Srcunc! date . v / 1 . . f t a Date n > / i - ) / s m Dflllin9 M 7 Eig;Hvdroi
NO. DEEP E:e< Sian l'-*/ 1 1/88 Conpiew 04/ 1 2 /88 Foreman M - z - Geoiog.st "^

2

I

5

10 -i

•5 -

20

25 H
t

30

i

35

40

Sample Data

t Samole
so

\_

•»

\

'4

ir
r—

3

I£
9

10_

L L

RL

r

Oeoih |fi .

O'O" - 2 '0 "

2'0M - i'O"

..-•0"- 6'0"

6'C"- 8'0"

3'0"- lO'O"

LO'O"- 12'0"

12'0"- U'O"

U'O"- 16'0"

16'0"- 18'0"

18'0"- 20'0"

20'0"- 20'9"

n •'! 22 "0" t
23'0" t
24'0" t
25'0" G
26'0" t

-

Slows '••
•". ' Penetration

2-3-4-4

5-5-5-6;...-,,

7-6-7-8 -

9-10-13-14

7-10-9-14

7-8-10-10

7-7-9-10 •

25-36-31-24

35-2A-23-21
• •

18-28-46-51

49-120/3"
• '

o 23'0" 14
o 24'0" 10

o 25 '0" 9
o 26'0" 10
o 27'0" 11

Rec.
Inches

i ^ •

,

miri;
it
tt
ii
M

Casing
Blows
Pern.

.

foot

Soil and/or bedrock strati descriptions

Strata
Change
Depth

.-. vo"

U'O"

22'0"

27 '0"

Visual Identification of Soil and/or POCK Strata

Loose Co medium dense, dry, fine SAND,
trace inorganic silt, trace root
matter.

Medium dense, moist to we t , fine SAND,
.trace inorganic silt.

Very dense, wet , fine to coarse SAND,
and gravel, some inorganic silt, trace
cobbles, and boulders.

Refusal at 22'0" with hollow stem auger
Run #1 CORED ROCK from 22 "0" to 27 ' 0"
Some fractures in rock, started with
water return. Had total Loss of water
at 23'6".
Recovery 25"/60" = 41.6*

End of boring at 27 "0"
Set 2" STAINLESS STELL well point 22 '0"
Water level at 7 ' 3" upon completion
Well Materials;
1 - 2" end plugs
1 - 10' x 2" STAINLESS STEEL screen
1 - 10' x 2" STAINLESS STEEL riser
1 - 2' x 2" STAINLESS STEEL riser
1 - protective locking casing
I bag- sakrete sand
7 bags-silica sand
1 pail-bentonite pellets
1 bag -bentonite powder
1 hacs-Pnrtl and cpment

Type of Boring Casing Size: Hollow Stem Auger Size: 61 HSA & NX Core (2 1/8")

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Granular Soil* (blows per n.) Cohesive Soils (Mows per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 very Dense 2 to 4 Soft 15 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) « 140* hammer falling 30*
Blows are per 6" taken with an 18' long x 2" 0.0. x 1 3/8* ID. spi spoon sampler unless otherwise noted.

The terms and percentages used to describe soil and or rock are based on visual identification of the retrieved samples. • Moisture content indicated may oe affected
by lime of year and water added during the drilling process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when me
boring was taken. • The stratification lines represent the approximate boundaries between sol types, the actual transitions may be gradual. I



Sheei # ol

148 Pioneer Dr.
; Leominster. MA 01453
(617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

Nashu
2
a
3

(eo3) 882-3501

Clisnt OLIN CORPORATION Date 04/18/88 Job No 88-238

Location EAMES STREET, WILMINGTON, MASSACHUSETTS

BORING GW- 3 2 Ground Dale ,,.,,,,00 Da'« nA/ i i / f lS Orillin9 M 7 Eng./Hydrol
NO. SHALLOW E'ev. Start 0^/1 J/oo Complete ua/ la'ss Foreman M - z - Geologist M - B -

I—
 (~

o
m

o

5 I

<0_

15

20

25 _

30

35

40-

Sample Data

Sample
No Depth (ft.)

Stows
5" Penetration

Rec.
nches

Casing
Blows
Pern.

Soil and/or bedrock strata descriptions

Strata
Change
Deptn

0'6"

8'6"

14'0"

15'0"

Visual Identification of Soil and/or Rock Siraia

rnpcnn

Moist to we t , fine SAND, t r a c e
inorganic silt.

Wet , fine to medium SAND, grading to
fine to coarse sand, and fine gravel,
trace inorganic silt.

Wet . fine to medium SAND, some inorgaruc
silt, some fine to coarse grave!., trace
cobbles .
End of boring at 15'0"
Set 2" STAINLESS STEEL well point 15 '0"
Water level ac 7'0" upon completion

Well Macerils;
1 - 2" end plugs
1 - 10' x 2" STAINLESS STEEL screen
1 - 5' x 2" STAINLESS STEEL riser
1 bag - sakrete sand
7 bags - silica sand
1 pail - bentonite pellets
1 bag - Portland cement

•

Type of Boring Casing Size: Hollow Stem Auger Size: 6 i

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Granular Soils (blows per ft.) Cohesive Soils (blows per ft.)
0 to 4 Very Loose 30 to 50 Dense 0 to 2 Very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense 2 to 4 Soft 15 to 30 Very Stiff
10 to 30 Medium Dense 4 to 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) » 140* hammer falling 30*
Blows are per 6' taken with an 18* long x 2" O.D. x 1 3/8* I.D. split spoon sampler unless otherwise noted.

The terms and percentages used to describe soil and or rock are based on visual identification of the retrieved samples. I Moisture content indicated may be affected
by time of year and water added during the drilling process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
boring was taken. • The Stratification lines reoreMM the aonrotimate boundaries h*tw«fln *nil Ivmi the ariual transition* mav h« nrartnal •



OI

148 Pioneer Dr.
; Leominster. MA 01453

(617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

Nasnu
2
a
3

(603) 882-3601

Clien! OLIN CORPORATION Date 04/18/88 Job No. 88-238

location EAMES STREET, WILMINGTON, MASSACHUSETTS

BOflING GW-32 Ground Dale Dale , , , .„„ Drilling Eng./Hydrol
NO. DEEP Elev. Start 04/11/88 Compleie 04/14/88 fWan M . Z . Geologist M . B .

3
a
T
H

5 .

10

15

20

25

in

as

40

Sample Data
Sampie

••lo.

1

?

•}

4

S

6

7

8

9

10

11

12

13

Rt.

Ceoth (ft i

0'6"- 2*6"

2'6"- 4 '6"

4'6"- 6'6"

6 '6"- 8 '6"

8'6"- l O ' O "

lO 'O"- 12'0"

12'0"- 14'0"

14'0"- L 6 ' 0 "

16'0"- 18'0"

18'0"- 20'0"

20'0"- 22*0"

22'0"- 24'0"

24'0"-25 I10"

n <n 26 '0"-
27'0"-
28 ' 0"-
29 '0"-
30 '0"-

Well Materia:
1 - 2" end o!
1 - 10' x 2"
2 - 10' x 2"
1 - 2 ' x 2"
1 - orotecti\
1 baa - sakr<
5 bags- sili<
1 pail- bentc
1 baa - bentc

Blows
6" Penetration

2-3-3-4

3-3-4-4

7-10-ll-U

10-11-12-13

11-12-16

7-10-17-21

12-14-16-17

43-40-24-30

28-32-35-28

13-12-13-20

21-16-47-20

14-21-34-30

29-38-33-120/4'

27'0" 12 m:
28'0" 15
29'0" 10
30'0" 9
31'0" 11
s:
UKS
STAINLESS S'
STAINLESS S'
STAINLESS S'
e lockina c<
te sand
s. sand
nice Delicti
nite powder

flee
Inches

n. / :
ii
i<
M
n

EEL
EEL
EEL
sin)

Casing
Blows
Per ft.

oot

sen
ris<
ris<

Soil and/or bedrock strata descriptions
Strata

Change
Depth

0'6"

4 '6"

8'6"

14'0"

22 '0"

24'0"

26 '0"

31'0"

en
r
r

Visual Identification of Soil and/or Rock Strata
II1>JS"1 ' - -
Loose, dry, fine SAND, t race inorganic
silt.

Medium dense, moist to w e t , f i ne SAND,
trace inorganic silt.

Medium dense to dense , v e t , f i ne to
medium SAND, grading tn f i n e to coarse
sand, and fine gravel , t r a c e inorganic
silt.

Very dense, we t , l ight a i rey to brown,
fine to medium SAND, some inorganic
silt, some fine to coarse gravel ,
trace cobbles, and boulders .

Very dense, wet , fine to coarse SAND,
and gravel, some cobbles, and inorganic
Very dense, wet , fine SAND, some
inorganic silt, trace tp. some. fine, to
rnarS» pi»avoT f r a r » r r innT»5 & n n n i n o r c
Refusal at 26'0" with hollow stem auger
Run tfl CORED ROCK from 26 "0" to 31 '0"
Trace to some f rac tures , no loss of
water.
Recovery 44"/60" - 73.32
End of boring at 31'0"
Set 2" STAINLESS STEEL well point 31 '0"
Water level at 7*0" upon completion

•

Type of Boring Casing Size- Hollow Stem Auger Size: $1 HSA & NX Core (2 1/8")

Proportion Percentages
Trace 0 lo 10%

Some 10 to *0%
And 40 to 50%

Granular Soils (blows per ft.) Cohesive Soils (blows per ft.)
0 to 4 very Loose 30 to 50 Dense 0 lo 2 Very Soft 8 to 15 Stiff
4 to 10 Loose Over 50 Very Dense 2 lo 4 Soft 15 to 30 Very Stiff
10 to 30 Medium Dense 4 lo 8 Medium Stiff Over 30 Hard

Standard penetration test (SPT) » 1401 hammer falng 30*
Blows are per 6* taken with an 18* long x 2* 0.0. x 1 3/8' 1.0. spM spoon sampler unless otherwise noted.

The terms and percentages used lo describe soil and or rock art based on visual identification of the retrieved samples. • Moisture content indicated may be affected
by time of year and water added during the drilling process. • Water levels indicated may vary with seasonal fluctuation and the degree of soil saturation when the
boring was taken. • The stratification lines represent the approximate boundaries between soil types, the actual transitions may be gradual. •



TEST BORING LOG

4iJLL
MLLffl BMGW6ERBNG & TESTINJG. WC.

j

Casing Sampler
Type Hollow 5t«a AUI.U. Sollt Sooog

Stee
Hammer
Fal

SOT

iocr

i«;nr

TOflT

aogr

*» * —nejapear

bMfWCi

CM
M/
ft.

3-3/4" ID ,.V«- ID

— 140 aaunda

30 liteh««

SAMPLE

No.

S-l

S-I

S-3

$-4

D*p*

4.0-6.0'

«. 0-11.0*

14.0-16.0*

19. 0-21.0*

P«k

AUCEK

ADCEF^

ADCZ^

*ocn

1. (Ureois

L. Low*

to^

Bee.

[AMPLE

UMPU

AMVTE

AMTLC

Project 01.111 cunnoi. couotATioH

Project No
Date Start
Date End:

90718.01

u/n/»9

11/13/89

$hMt 1 44 2

Baring Mo- cw-33

12 Shallow

Surface Bev.
QioundwiHf Obttnitom

DATE

11/13/89

Btowt/r

•

NOTES
See attached abeet for Monitoring W«H

DEPTH

7.0'

Strata
Chang*

t 4 wan

* '* ?S

CASINO AT STAWUZATION PEfllOO

Opon Coevlatloo

Men

S-l: Brova, fine to coarse aand and
travel i trace of cobblee

S-2: Saw «• S-l

S-3: Saw aa S-l

S-4: Irowet. fine to coerae aaod

TermlMtcd txaioratloa at

Xnatallod Noalcorlng Well

»•:
»••
»

• ie»iu»i

• •••_

um» M.JP»
WCt «-M

Nate

inatallatloa

WtJ MUMHi 10 MM OO*V OU1 1O CW*1*!*) MCTCM IHrMI Tmej FWOaaWI

» «B>. TOO rmmiaH MM • OM0M.
eea>weTu*ia«*

•
n
tmiuvei
•uneLcr



MONITORING WELL DIAGRAM

••
••
••
^MM

^M

••

••

••

••
•^^H

• •

• • •

• •

• • •

• •

• • •
t •

• • •

• •

• • •

• •
» • •

% 4

• • •
9 •

• t •

• •

* • •

• •
t 9 ^
• •

• • •

• •
• • •
• •

• • •
• •

OJ.

• V
• ̂ 1
• ̂

« ^

ITU
• ^»^»*• ^

••••
» «i

^«

M ••

M «1

2

|
« «• «• •• * •• « i
• *• > i
* * i* •> % i• *• • <• •• • <• •« • <^ t• • «• •* * «* *» • •• •• » «

T .
rn

•n

-'i
•f

A) Bor«hol« 0«pihi 20.0'
B) Cover Pipe S-tlckupi 2.5'
C) Riser Pipe Silckupi 2.5'
0) Concrete Sedl

Thickness*
D Bentonrte Seal

ThlCkntSSI Slurry 8.5*

F> Sand Packi Botto« of 9.0*
G) Borehole
H> Veilscreen ftaneten
D Vettscreen Length.

I,

Htlptn JL
Inspector!

ProJ«ct» OLUi CHEMICAL COUP.

Wilmington. MA

Projtct Nw 90718.01
D«tt« 11/13/89

i of .2

V*U
Surface CUv;



TEST BORING LOO

/y\ Project OLIH CTDKCAI. COIKMATIOM
VtUtnjton, KA

/^ \ MI-LEO ENQNEfBNG & TESTING. INC. Project No: 90718.01
11/8/89

Date End: • "'n/ni

Type
Size

Fal

D«p»i

iff

10 Of

i«ur

70 9

•̂ •̂ •̂•B^aMifw*«pvr

f^h—^B.^^•Mpvci

Cat
W/
ft.

Casing Sampler Greundwator Otearv
Flush Joint Sollt Sooon DATE

_&L_L2 1-3/s." IP — u/n/ai
140 oounds

— 30 Inehea

SAMPLE

No.
e_i

S-2

S-3
S-4

S-5

S-*

S-7

S-8

S-9

S-10

S-ll

D«ft
n n-i n«

2.0-4.0'

4.0-5.0'
5.0-7.0'

7.0-9.0'

9.0-11.0'

11.0-13.0'

13.0-13.0'

IS. 0-17.0'

17.0-19.0'

19.0-19.4'

Hn.
?4"

24"

12"

24"

24"

24"

24"

24"

24"

24"

5"

I. Mar coot

L. Lowe

Mw.
18"

20"

12"
IS-

IS"

12"

14"

10"

14"

12"

5"

•ow/r
3-4

8-11
12-12
32-37
37-«3
38-65
77-70
28-39

55-64
23-31
48-48
12-33

5O-4S
11-13

16-13
4-5

11-14
3-4

8-7

100/3"

Chang*

26.0'

DEPTH CASINO AT

7.0'

SflMt t ^ ,

Boring No: cv-3J
Location:

a Deep

Surface Elev:
••on*

STABtUZAHON PCRtOO
Upon Coevletioa

Same** DucHpaon
S-l: Light brown, fine sand

S-2: Brown, fine to medium sand, silt,
gravel, cobbles

S-3: Brown, fine to coarse sand, llttl
silt, gravel, cobblea (wet)

S-4: SaM aa S-3

S-5: SaM aa S-3

S-4: SaM aa S-3

S-7: SaM aa S-3

S-8: Browa. flaa to coarae sand, trace
of silt, seta 11 amuno of gravel

S-y: Brown, fine to avediua sand, trace
of gravel

S-10: S«M aa S-9

S-ll: FlM to coarse sand -
Advanced caelng to 21.0'
Cored rock 21.0-26.0'

Installed Monitoring Uell

Terminated Exploration at 26.0*

*• t «e*ragrr *. 4 ««irtooBi
*• * *an *"* ^SOL

mice «•!••<
t/nu «.a»

fcj - j , |

MOTES See attached abtat for Monitoring Well installation

REMARKS: Ba»ea!Si£S»m«'a î!o^VTm^



MONITORING WELL DIAGRAM

Ti l

A) Borehole Depth 26.0*
B> Cover Pipe Stickupi 2.5*
C> Riser Pipe Stickupi 2.5'
D> Concrete Sedl

Thickness*
O Bentonlte Seal

Thickness*
F> Sand Pado 12.0'

Q Borehole Diameter* .
H> VeUscreen Dlaheten
D Veilscreen Length* „

i.
Httptrt JL
Inspector*

OLIN CHEMICAL CORP.

Wilmington. MA

Projtc* Nai 90718.01
tnstattotloo Dat«i 11/13/89

of 2
NOJ cw-33

Veil KM tLJbt?
Surf act EUw



GEOLOGIC LOG

/Kl
/m\\ V '̂̂ B^GMsCEHNG lv)Q

TVM 4

tut or
NOLf

•*

•M

COM
HICOV

CUV %

ILIVA-

TION

B CORC LOSS

COME RECOVERY

DCPTN

21.0^

26J1.

too
•A«m.i»

PON
TCtTINO

PROJECT: OLIM CHEMICAL COKPOKATIOH BORING NO. cu-u LOCATION See rian

PROJECT NO. W7|f,01 SURFACE ELEV. DEPTHS:
DATE START U'P'tt COMPANY MILLM ENClNEEtlNG 1 TESTING OVERBiianF^
DATB END 11/1 Vlf DRILLER t(i Mirr»- TOTAL

MCI REP «oo. WATER

ClAMWICATIOM AND

PHYSICAL CONDITION OT NOCK

UM lit
Ll(ht (cay. (!M (raload calc-«tllo«t« in«l*«. Central
an* foot •action of cor* highly fractured with no pl*c«*
grMtcr tb«a 4M long. Foliation trtnda 30 d«gr«*« to
horixmul. •• vvldutt with thin (!••• than 1/2") f«Ulc
layer*. Scattered thin (*l*lc intruaiona randoaly
orlaotad throughout cor*. Fracture aub-horlxontal in
central area. 45 degree* to horizontal in regaining
aectlon of cor*.

tICt M"/60" - V2I ftQDs M"/60" - 63S

REMARKS:

OHN.LIMO •CMAVIOII

PECO WATER

NOTCS

• UCCT ' n» '



ICSI BUKINU LUtt

MMLLER GNBNBB9G & TESTING. NC

Casing Sampler
Tyj>4 Hollow Stffl Auitr Sollt Snoon

Size
Hammer
Fal

XflP

lOflT

1X̂ 1—,̂ —
r̂eHpajB

lmp*c

C«
U/

3-3/4" ID l-J/4" TO

140 oouadm

— 30 Inchaa

SAMPLE

No.

S-l

S-2

S— 3

S-4

(M

4.0-6.0'

9.0-11.0*

14 (VI* A1

19.0-11.0*

Pw.

Aucn

aoca

incn

tnCT«ĵgau^^

R. Mftrco^n

NM.

iAMTLE

uiru

4WTR

ftifUL_

Project OLIM CHEMICAL CQtKMATTOB Sh««t I of _S

Wtliilntton. HA RA^U. kl«. OI-34

Project No:
Date Start
Date End:

90711.01 1 ̂ Itfeff

11/17/19 12 Shallow

-U/17/f? fttirface Eler
Oraundwal.T OwMrafeM

DATE

11/17/89

Bto r̂

•Ml*

1

NOTES
S** attaches' ihssc for Moaltorlnf. Well

REMARKS? (••MeWWM ••••••)• ••* ̂  OTUVMOijAU AT '
cm»

enm

State
Chang*

OCPTM CASmQAT STABILIZATION KMOO

't.Q' — ODOB CoBDlctlon

. $ampto0-aWon

S-l: IrowB. fin* to coarse sand.
travel, cobbles

S-2: S*M a* S-l

S-3: BroM. fla* to coar*« sand

S-4: Sawj as S-3

lutalled NMitorlac Veil

«. t vvvreorr •• • ttwittsi nwek t-<M
,. « ten ••« IMH urn* <•••»
4. t M0UM*n* <••• IMIIJIDSM MM a-M
«.N IMP* »•• a»M__ Mtt »•••

Note*

inacallatioa



MONITORING WELL DIAGRAM
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» • *
» • «

> • •
• • ̂

» f »
• • J

|

!
^

-

r ,
T .

1

A) Borcholt Dapihi 20-°'
B> Cover Pipe S-tickupi 2̂ 11
C) Riser Pipe Stlckupi 2.5'
0) Concrete Sedl

Thtokne$s» ^
E) Btntorttt

Thlcknesst
F) Sand Pado Bottom to 9.0
G> Borehole

Slurrr 8.01

8" 3-3/4" l\

H) Vetlscreen Olaneten
D Vtllscreen Lengthi

Drlttn *. M«rcou»
Kelptrt >.
Inspector*

PrOj«ci» OLIN CHEMICAL CORP.

yilminttton. MA

Projeci Noi 90718.QI
Installation Dttt< 11/17/89

i of .2
lorlr* NOJ cw-34
VtU Nw 12 Shallov

Surfact



TEST BORING LOG

><y\
Pro^ax* OLIN CSDflCAL. COIMKAT10M $h«>«>* X Of

wii.in«to«. iu Unrlnfi Nn- «-'
/A\ MUEF\9GNEB*)G&. TESTNG. NC. Project Ma

-i_
14

WU.Q.1 | ocallon-
11/14/89 fi n...

Data End: . 11/20/89 Surfaca EHJV:
Casing Samplar QraundMtwObMivrtem

Typa
Sba
Hammar
Fal

o«*ai

5V .

it) if

i*ff

99?

75?

• •_*ntJaptjr

lrap«c

CM
M/
a.

flush Joint Sollt Sooon DATE

iUD i-ur ic n/1,/M
140 pound «

— 30 Inehaa

SAMPLE

No.

S-l

S-2

S-3

S-4

S-5

S-4

S-7

S-8

S-9

«-in

S-ll

S-l 2

0*0*'

0.0-2.0'

•

2.0-4.0'

4.0-4.3'

4.0-4.4'

1.0-10.0*

I0.ft-I0.7'

12.0-14.0*

14.0-16.0'

16.0-18.0'

11 n-M o'

M.O-22.0'

22.a-24.fl'

24.5

t>«l.

24"

24"

3"

3"

24"

8"

24"

24"

24"

24"

24"

24"

raiini

Bac

6"

13"

0"

r

ir

3"

6"

8"

10"

1

•ow*/«-
4-10

11-13

12-28

60-48

100/3"

100/3"

43-46

37-68

42-100/2*

10-23

21-29

13-19

31-27

le Blow
'ouaca i
aninaa

i" |« mi«
louala -
•calnad

8"

11"

Itil88l

10-27

17-16

9-18

23-2O

Slraai
Chang*

12.0'

DEPTH CASINO AT STABILIZATION PERIOD

17.0* i • • Qoon CovoltttiOQ

A ^ ..

S-l: Light brova. flm to a«dlua sand,
lltcla allc. aoaa graval

S-2: SAM aa S-l. SOM eobblaa

S-3: SIM aa S-2. pushad eobbla - ao
racovaiy - aaapla fro* au|«r

S-4: Irowa, flna to coaraa t«nd, graval
eobbl aa-bouldar a

S-S: («at). browa,flaa to eoara« aaod.
(raral, cobblaa-bouldara

S-4: SaM M S-3

S-7: FlM to coaraa aaod. traca of
flna travel

S-4: Sana aa S-7

S-9: SaM aa S-7

S-10: SaM aa S-7

S-ll: SaM aa S-7

S-l 2: SaM aa S-7

Corad rock fron 24.3-26.0' . loat
graaaa fitting fro* cor a barral.
Bollar corad U 26.0*.

Corad rock fro* 26.0-31.0* - BouldaraT

No***

•

1
i

I. Cafnoa
• i Mwrtvr ». • nawiwai i««e* »-^
i 4 tort 4-K i0aai um> «••»

« <• ti>» »•• taMi «• >-IM
N a MM* •> «•»•••

MOT1E* a 12.0* polled auaera out and advanced caaln*

See attackad abaac for Hoaltorla« Wall laaullatlon

REMARKS: Si5iS?5̂ Jh!â .̂ »TT^̂ t̂



TEST BORING LOG

4IJLL
MLLfft0JQNERTJG& TESTING. WC.

H

Six*
lit HI 11 •!IVBINIMi

Fal

35. ft*

45.0'

55.0*

60.O",

•X-ft— ^^
^^B^^WaT

ImtMc

CM
W/
a.

Caaing Sampler
Flu«h Joint Sollt Sooon

4" ID L-3/8" ID

— - 1*0 Mftipdq

— 30 Inch**

SAMPLE

No. o^ai Pm.

I. Casnoa

«•«.

Pro

Pro
Oat
Oat

|*rfr OLtN CaonCAL COVOKATION $haMl 2^3

WllalnfCOO. NA BOfina No* CW-3*

|«ctNo:
a Start .

W718. 0. (.OCttfafV
11/14/89 H Deep

• End: ii/2o/w S<irfaca R«v:

Greundwitv OtawviCoiw

DATE DEPTH CASINO AT STABILIZATION PERIOD

n>«./e-
Strata

Chang*
^0-**.

Advanced caala* to 34.3'

Installed Monitorial W*ll at 3J.O'

$•• attached lh««t for Monitoring Well
iastallatloa

_._.UJt--r. j . r , ,-,-ro.,—
t 4 wrt «•• \tarn unut t*-^

• £ SSS** "i* SS î ^* "'""

NOTES

REMARKS: nana^aroifuiuaiM
n« O«i HOUM AT TMM
Ml OKI TOOt»«P« MCTO*

^ ĵ syĵ y ** "*° 'nrSuiJT* * •*""*-**"•' ***•



MONITORING WELL DIAGRAM

1
i
1
• * *

.v.r * *i • • »^ • •i* * <
T • •
1* t •

T • •
!• • •]
I..J
1* • •
w • •
[» • •L..
1* • •!
I • • j

V.I
[•••h**I* • *l
M • 1
1* • *l
r * * '

r

[i
"* "i
•""i>«••
-H•_•«<
- H
•"•V-H

•«»»i
-jH
l"j
*^*i• j

1
••i
Si
Ml
BHI

1 * * *

V/.
» • •
* « •

t * *
» • •
i • •

• • *t e • 1
t % J. ..» * «• « • i• • j> • •• • j* • • i• • j> t •
**1> • •i • •> • • i
* * i

i

r
:

i

r .
n

i

I I ^^ ¥
r—7 I • • H H\/ I" 'L"j\/ -* • • H H* • - n.. •l>~**]<

A) Bortholt Depihi - 33.0'
B) Cover Pipe Stlckupi 2.5'
C> Riser Pipe Stlckupi 2.0*
D) Concrete Sedl

Thickness* ^
E) Beniontte Seal

Thickness? siurry iy.0'
F> Sand Pad* n.o*
G> Borehole Diane-ten £
H> Vetlscreen Oianeten _il
D VeUscreen Lengihi 10.0*

Drtttr*

OLIM CHEMICAL CORP.

Wilninaton. MA

Proj*c1 Not 90718.Ql
Installation D*t« 11/20/89

lorlng Nai cw-34
Vett Nai
Surf act



<A
GEOLOGIC LOG

I MiLERB»J9NEERNG.MCLJ

TVPi *

•IZC Of

NOLI

-f

com
RECOV

«RY %

ILIVA-
TION

B cone LOSS

COME RECOVERY

DEPTH

z*.s:

*

31JD*

100

•AMM.lt
PON

TESTMO

PROJECT: OLIM CHEMICAL COtfOftATlON BORING NO. CW-M LOCATION See Plan

HilBlAlLP"- ***
PROJECT NO. »071I,J| SURFACE ELEV. DEPTHS:
DATE START U/U4M COMPANY MILLEt EMGINEER1HG t TESTIHC OVERBURnFfJ

OATC eua . 11 /an/o,,., D*»»-LER »•>«•««" TOTAL
MEI REP *»>. WATER

CLA«»VICATION AND

PHYSICAL CONDITION Of HOCK

RUM *1:
Upp«r 10" • ••dltui grained nan-foliated (abbio. ••low
10" (abbro ••ctloo. 1» • highly fractured area with
nuawroua graval-alta. weathered rock fragments. The
upper 6" of the fractured tone cospoeed of a black,
fine gravel oaaalc. Fragmented rock conalat* of a wide
variety of Ignaoua compoeltlona.

UCi 3ftH/6bH • MX ftQOt 12"/«6" • 18X

DRILLING BEHAVIOR

rcco

•

WATER

REMARKS:

NOTES

*HttT i_O^ 1.



f̂lJLL
MLLffl BSGNB51MG & TESTMG. NC

Gating Sampler
Type Hollow Jta AuttT Sollt Seoou

She
Hanwner
Fal

Dtp*

ioir

OrfUn
tA^^—^^
nVED^RT

iMpac

W/
•.

^.V4- Tt> 1-3/i" «

... 140 pouna«
30 InetMB

SAMPLE

No.

S-l

9—2

S-3

3-4

Dtp*

4.O-A.O'

4 O-ll.D*

14.0-16.0'

19.O-21.0*

Hn.

ADCTt S

ftUCB S

MICH s

ADCTl 1

K. Harcoui

PUc

MPLK

MPL1

MPU

MPU

Project otm aancAt COHMIATIOII
Wilalacton. MA

Project No:
Date Start
Date End:

90718.01

M/78/B4

11 /•>*/.«

OrmmdMrtarOt<«»
DATE

11/M/g«

«o../r
Stata

dung*

OEPTM CASMOAT
9.0'

SMptoOwc

Stiaet — L^ of
Boring Ma: cu-

2

3)6

12 «tul1aif

Surface EJ«v:
atom

STABILIZATION PERIOD
(Joon CoBDltfClon

••••EbMr^^BVfl

S-l: Irovn. flao to Mdlua saad, itlt.
tr«c« of |r«T«l

S-2: S*M M S-l

S-3: Brown, flaa to ••riiua wa4

S-4: Saw M S-3

Torvlaatad balontioa *t

Iaatall«4 Moaitorlaf «tll

HIP 2jsr
NOTES

So* attach** saott for Monitorial W

HOJ
CIOM

ill Ia«tallatioa

TMtt •••»

«Vf«««



MONITORING WELL DIAGRAM

T
n

o

r-°-ii

A) Borehole Dep-ttv 20.0*
2.5'

2.51

B) Cover Pipe Stickupi
C> Riser Pipe Stlckup*
D) Concrete Seal

Thickness* ^
E> Bentonrte Seal

ThlCkneSSI Slurry 7.0'
F> Sand Pacto Bottoa to s.o1

G> Borehole Bianeterisrj-
H> VeUscreen Diameter* 2^_
D Vellscreen Length* io.o'

Prtl«r< I. MarcouK

K*tpf Pi K. G«gnoo

Inspectort __

PrOj»C* OLIN CHEMICAL CORP.

Wilmington* MA

Projtci Mai 90718^01
Installation Datti

2. of .2
Kai cu-3s

Surf act



4ftJLL
BSGNEERNG

1

Typo
Six*
HanwTMf
Fai

(top*

ner

IQiflT

'•M*

30T

79 *7

CM
W/
It

Casing Samplor
*Vib Joint Soltt s,p?off
L" TTWV ip 1-3/8" IR

—

—

140 po..twl«

30 lnch««

SAM«t!

No.
$-1

S-2

S-3

S-4

S-S

S-*

S-7

S-8

S-9

S-10

S-ll

S-l 2

S-13

$-14

S-13

Dap*
0.0-2.0*

2.0-4.0*

4.04.0'

6.0-8.0'

8.0-10.0*

10.0-11.2*

12.0-14.0*

14.0-16.0'

16.0-11.0'

la.o-tt.o'

JO.O-II.O'

75. 0-14.0'

24.0-24.0*
•

26.0-28.0'

28.0-30.0'

Pm.
24"

24"

24"

24"

24"

14"

24"

24"

24"

24"

24"

24"

24"

24"

24"

Bae.
8"

ir

3"

12"

18"

12"

10"

12"

10"

14"

IB"

12"

ir

*•

12"

Project OLI» oioncAt COOQIATIO*

Project No:
Oat* Start
Date End:

90718.01
11 »21/S«

11 /;*/*•

SrH»Jl t Of i

Boring Mo: cw-33
Location:

fl Dam

Surface Elov:
domdmkv Otoam8on>

DATE

11/28/89

Btewa/6-

4-3

5-7

6-8

7-9

7-7

2-4

3-7

10-19

20-34

38-43

23-44

100/2"

17-33

41-44

20-83

43-45

12-26

29-47

8-33

29-13

V12

18-24

9-14

19-29

10-13

24-18

19-24

43-30

24-34

14-11

State
Chang*

12.0'

20.0*

26.0'

OCPTH

9.0*

CASINQAT STABHJZAT1ON PERKX)
Opoa Co^>lacion

ifa^OKr̂ ^Bn

S-l: Irovn. ftaa to aadliui sand,
ttlt, craea of graval

S-2: Saaa •• S-l

S-3: riaa Co Mdlua taod

S-4: (wac). brow, flaa tan4. allc.
(laa (raval

S-5: Saaa aa S-4

$-6: $aaa aa S-4. aoaa cobblaa

S-7: Gray, (laa to c

S-8: Saaa aa S-7

S-9: Saoa aa S-7

S-lOt Sa*a aa S-7

S-ll: Bn
8"

$-12: SM

S-13: Saa

S-l*: Saa

$-15 « Saa

oaraa aaad. (laa

MM. fiaa co eoaraa aaad.
ml

w aa S-ll

• aa S-ll

• aa S-ll, cobblaa - bouldara

« aa $-14

*. t vwMHTr •• « fmitaam
wn ,-.

IMC* •• »•
unx* «•••*
«O1* »••»

Notea

«.» MM » iwro»«

MOTt3 5^ .ttaehad abaat (or Hoaitorlaj «•" Inatallatlon

REMARKS: MaMMCMOilMN

tMawMmwiMTOa
mnemiiAaMfTMaj
umaiBenanncion

nuuianimimainiwif "«**•*"
1 1MH MM mOBHT M H« IM WWMi

MUUCMMOMll



TEST BORING LOG

A eJG.MEff.NG
1

Type
Size
Hammer
Fal

3J.O'

40.0*

45.0*

6O.O'

Holpor

fcMDOC

CM
W/

Casing Sampler
riuah Joint Sollt SDOOO

4" ID/3" ID 1-3/8" ID

--- 140 oouftd*

— 30 inches

SAMPLE

No. O^ft •«.

* Hi Pflno°

*-

rue

Project OLia CHtHlCAi. COWOIATIOM

vtl>iB|toa. HA

Pro
Dat
Dat

|ect No:
• Start

•0718.01

11/2U89

a> PnH* ll/'^8/H9

Sheet * of '
Boring No: cv-is

Laeatfan:
n o««p

Surface Bev.
Qfounowctti* Ow*Mfw4ofw

DATE DEPTH

Btom/r* Chang*

CASINO AT STABtUZATION PEMOO

Sampto Owotpton

KocotBtartd louldar* at 26.0'

DTOT* 4" eaalns to 31.0' Kafuaal

Cored fro* 34.5-36.3' Taleacoped 3"
caalai to 34.3* - Sp\a eaalnt throujh
bouldara to 36. 5- 39. U'. final depth
of 40.3* lefuaal

Attested to wash out • laat wheel off
roller COB* - notified Kike Bolat

Installed Monitorial Well at 40.0'

Terminated Exploration at

• • » vwwwrr *•

''. I t«m««i** «•
*.«»*> »•
t»-» HMV *

T^SJScS*"""'

Notzr

IMCK «•<*•
i/ny <*.«m

NOTES

REMARKS:
•n« ejcjMMUMi MM oeeui out i» o»e» MOW

H tQUMB««rail»^»l •» in^ "SaS

1 Tl«w 1MOM HOmr M 1M 1M MIMWA
Mimjci\»ioa)M



MONITORING WELL DIAGRAM

* #
»

* •

T
T
n

n

A) Boreholt Dtp-tin IQ.Q'
B) Cover Plpt Sttckupi 2 > 5 >

C) Riser Pipe Stlckupi
D) Concrete Sedl

2.5'

6"

C> Berrtonrte Seal
ThlCkAeSJI Slurry

D Sand Pado Botto« eo 28.0'
G) Borehole Dtoneten il
H> Vellscreen Dlaneten
D Veltscreen Lengthf .

Ktlpcr* i.

Inspector*

OLIN CHEMICAL CORP.

Wilmington. MA

Projtci Nai 90718.01

tnsiattoilon

1 of 1
faring Ma* <»-3_5
Veil Nai

Surf act Elf v>



GEOLOGIC LOG

/A
/A • 1 M41B*ENG>NEEp|NG NC.

TVM ft
•IZI Of

MOLff

-r

•»
•

•
m

«Mi
m
4
•

••«
•

•
•

«•*
•

*
•

^m

•
•
«

«w
•

•
•

•̂
•1
M

V

^H

M^

•

COM
MICOV
CMV »

ILIVA-

TICK

B cone LOSS

CONK NCCOVCMV

MPTN

34.if

•

36 iî

M^O

LOO

•AMn.lt

MM

TltTINO

PttOJ'CT: OtW CHEMICAL CMMMAT10N BORINO NO. cw-34 LOCATION S«« P!M

HilriBitn* >u

PROJECT MO. WIV9I SURFACE ELEV. DEPTHS:
DATE >TAHT 11/21/M COMPANY HILLI* KNC1NURIHC k TtiTlHC OVeA»liqp|(H

DATK CMD ...11/JI/M , ... DRILLER . y.,̂ .., TOTAL

UCI REP NOB* WATER

ClASMMCATION AND

PHYSICAL CONDITION OF MOCK

urn lit
FiM grataad, waakly (ollat*^. two-vie* gr>ntt>.
fcacturlag !• •ub-horlBoat«t •• widely «pr««d
(|r««t«r tb«a 9") Llttl* <wld«tlon «vld*ot In
Iractur**.

KICi IVIW - 9il BQDt JOM/2*M • 831

UW lit
Light fray. fln« |r«la*d c«lc-*lllcat« («•!••. Cora !•
highly i»ctuc«4 with no ••ctlon* |t*«t«r th«n 4".

UCt JO"/ 10" • 1001 tQDi 4-/30- • 13S

OHH.LINO KCHAVIOM

FCEO WATEN
NOTKt

REMARKS:

•NfCT J.OP JL



I CO I Dwnirivj

4VI
• MLL5^B^GNSV<G&TESrnNG.rC.I B I I

Tn»
Sfa»
Harnnar
Fal

0«*

&or

10V

1MT

TOflf

9* IP

^TCn^Vl

taapM

u/
0-

Caaing Samplar
Fluah Join^ 5»\if- S»fton

4" ID 1-3/i" ID

*" liO pound |

— 30 lachaa

SAMPU

No.
s-l

S-2

S-3

S-4

S-3

S-4

S-7

S-a

S-9

S-10

*-ll

S-l 2

ON*
0.0-2.0''

2.0-4.0'

4.0-J.O'

7.0-f.O'

9.0-11.0*

11.0-13.0'

13.0-13.0'

19.0-21.0'

21.0-23.0*

23 trl?-"'

*1 IV**"'

29.0-31.0*

Pw.
24"

24"

ir

ir

*4"

14"

24"

24"

14"

24"

15"

Z4"

11 D'AnTntiriMtia

X. Salth

MM.
18"

21"

12"

12"

24"

24"

•"

•"

12"

11"

*«

1"

PraJACfc OLIN OUMICAL COtMIATJtM

Vilnln.ton. MA

Project No:
Data SUrt
Data End:

90718.01

11/15/89

11/1A/HQ

DATE

11/16/89

Bbm/r'
1-1/12"

2

4-«

8-16

4«-)7

S9-44

12-14

21-21

7-9

14-11

11-19

22-24

24-19

19-17

7-12

14-17

10-12

1A— IT

5S-f T

so/or

24-42

34-M

Mmnal

am

4.0'

9.0'

17.0'

23.0*

29.0'

oerm
3.0'

CASmOAT
_ _ .

SaaiptoOaae

ShaMt _1_ Of _3L_
Boring No: a>-™
LM^UAK

SurfacaElor.

STABILIZATION PCRttO

Open Coaolatloa

rttfon
S-l: 6" dark brown teoaoll with laavea

and root*, yellow-brown, fin* to
•ediiai aaad

S-2: Tallow-brown, nadlua to fine aaad

S-3: Tallow-brown, fine to coara*
aaad and gravel, bouldara

MOTE: Hitting boulder* - took next
aanvla at 7.0*

S-4: Tallow-brown i flae to coarae
aand and gravel, bouldara

S-3t Tallow-brow*, nadioa to fine
aaad. trace gravel (MTB: Saad
atartad to blow in augara)

S-4 1 Saa* aa S-3

S-7: San* aa S-3

MOTSi Saad blowing ia augara - no
aanvlaa - down to 19.0' -
ewltehed to easing

S-<: Tallow-brown, flae to coarae
aaad and gravel (aoor recovery -
rock atwek la.tla of apooa)

S-9: Tallow-brow*, fine to coarse aaad,
little gravel

S-10: Orange-brown, flae to coarae aand
and gravel

S-ll: Cray-browa. flae to coarae aand.
gravel and Vowldera

VOTI: Knot kitting bovldera - no aaaplei
down to 29.0*

».1J. Ma~anS°>znnf

• t vairavT " •• « nawtooai
1 * I**"., *"* «aa«
• • f" »•• ame«___

M co cosrM

uma »'.**
<M ».W»

Not*

****** See attacked ahaet for Monitoring Dell Uatallatioa

REMARKS; S£2^y£^ml*mt^t^ri"TwtIm'utrr~—-tnr~'—~-'~iit--\ »••••• •-••—•">— ~-«-



TEST BORING LOG

/A
vl Pro

• MUfflBJGKEB^JG&TESTIsC. ISC. Pro

J*<* OLIN OIOnCAL COVORATtOM

lectNo: 90718.01

Date End: 11/16/89

Sheet i_ o< _3__
Raring No: qv-M

Surface Elev;
Gating Sampler Oreundmlar Otoarniom

Typ* Flush Joint Sollt Sooon DATE

Stze
HanMMf
Fal

Oapti

35.0*

40. •'

S3.o»_

Orifar

Hatpar

kiapac

CM
M/

4" tt» 1-3V8" ID

— 140 Bound*
— 30 lnch«t

SAMPLE

No.

S-13

Dapft

31.5-3*.*'

Pan.

ll"

M D'fa*™.!,.

K. S«lth

Mac

11"

Btowt/r

11 - SO/51

Stato
Changa

33.0*

36.5*

41.5'

DOTH CASINO AT STAMUZATION PERIOD

SamptoOaaatatM

Cray-browa. fla« to caari* und <ad
|T*V«1

NOTZ: Citlat drlTlnj r««l hard at 33.0

S-13: Gray. Mdluai to flaa tand. lletl
to sea* (lit. llttl* fln« graT«l

Started to cor* at 36. J1

•UM 11 *. 5-41.3' UCOTHI: M"
Cor* Tlaa per/foot

BottoB <rf Kxploration at 41.3'

NOTIt BaoMd oat cor* bol* froa
34.5-37. 0'

flacod Mil point at 37.0' - flUod
cor* bol* with aaad a*d Vaotoolt*

IMTIt IM« ttttfftf (11 at 2*.»* daptk
and 12 *c 9.7' 4*pth) - boold.ri.

|'.M HOT ••• »•__

IMC* «•«•
um* <••»•

NOTES HOTli Saapl* 13.0* had |naa color to It - drllllnf nator dvrl»« rock coring MM »r*an

REMAfUCS; ZL2?(*lSL!Hi?«!!2S ̂ ^V îSXSLSSrSl̂ ^
fWMMBM«»«rOCCuiouiieoiH



MONITORING WELL DIAGRAM

1
•••
••
••
••̂ •J

••

••
••
••
« •

• •
• • «

• •
• • •

• •
• • •
• •

» • •
t •

• • •
• •

• • •
• •

• » •
• «
• • •
• •

• • •
• t

• • •
• •

• • *
• •

• • •
• •

^̂ •••i

J-U

• ̂
• •-.»•
m ^

M 9*

«•••

• ̂ •'

• ̂ •»*'

-• *•
»«•*

m «•
»^M'

**^*

1
2

•« 9
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n

T

3
A) Borehole Oep-thi 37.0'
B) Cover Pipe 2.0'

C) Riser Pipt Silckup*
0) Concreit Scdl

1.5'

e> Bt ntoortt
Thlcknts*

F) Sand
22.0'

G) Borehole Dfencttrt 4"
H> VeUscrecn Dkineten 2*
D Vellscreen Lengthi 10.6* _

•lo

Htlptn
tnspecion

OLTM CHPfTCAL

Wllaington. MA

Projecl Mw ^0718,01
InstaUotton D«tt« 11/16/89

Qf 1
cw-36

VtU Mai
Surf act Of v>



i
TO

A
GEOLOGIC LOG

MZCOF
M01I

—

CONC
aecov EICV*.

TKM

B COM lOSS

CORE HECOVEMV

otrnt

34.511

4I.SU

100

lAMrtes

TCSTMG

PROJECT: <jj.n OWgo, 8OR1NO NO. cv-it LOCATION s.. PL...

VllaLutoa MA
PROJECT NO. 907l«r01 SURFACE ELEV. DEPTHS:

DATE START 11/8/19 COMPANY Millar EailMarloq i T«atinK OVERBIIBOFM

DATE EMD ll/n/8%, DRILLER M. D'aaAroalo TOTAL
MCI REP WATER

CLAUINCATIOM AND
•MY««CAl CONOITION Of BOCK

Dark |r«y Co black, fl««-|c«lM4 caJc-aillc«te (nalaa,
(•laic Uuittaioaa ortaacad korliootally. Cora a>oda(aca~
ly fracturad chroutbouC , but bleb at)D and r«cov«cy. Ho
oxldatlofl on fracturad «ur(a«aa.

•acovacyi M" tifft - 5l"/S6" • 91S

OmUMG eCHAVKM

^ECO WATEK

MOTCS

REMARKS:



GEOLOGIC LOG

/y\
y |̂| MUJ3»BCtVgHNG.M&

L _

TVPC •

Mil OP

HOtl

*
m

•

.

•̂

"_

•

-
.
•

—

COM
MCOV

•HY %

BLIVA.

TION

B COHC tOS*

COMC HCCOVIHV

OCPTN

27.0';
_

"""

_

32.0J_.

—

to«
•AWP1I*

POD

TI»TW*O

PROJECT: OLIM CHMICnL OOUOmATIOM 10RINQ NO. CW-J7 LOCATION1 Saa Plan

Mll»ln*tnn. Mi.

PROJECT NO. *07|«,9f SURFACE ELEV. DEPTHS:
DATE START COMPANY MiLLEt ENCINIUIHC 4 TESTIHC OVERBURnFM
DATM CMO DRILLER H. D'Aakroelo TOTAL

UEI REP Nona WATER

PHYSICAL common OP HOCK

UM *li
Dark gray to black, fine grained gnelaa. Dominant
fellatio*) approximately 30 degreee fro* norlcoatal.
Falalc layering average* 1" thick and la abundant
throughout core length. Natural fracturee are
oriented approximately 40 degree* to horlaontal and
have en everage apaclng of epproxlnetely 9 Inch**.
Some fracturing (paced cloaar. eapeclally toward
bottom fo core. Lower frecturee exhibit oxidation
•ore than upper f racturaa. Indicating greater
fracture flow et depth.

Fracturea do not ahow preferred orientation relative
to foliation.

UtCt 3tM/tO- - 931 «QB« 42-/»0H - 70S

REMARKS:

OMLIIHO UHAVIOM

PICO WATCH
HOTCS

«...



TEST BORING LOG

^XJl l MUg gONg^CS TESTING. *G.

Casing Sampttr
Type) Hollow ;tea An|«r Sollt SDOOU

Harwnar
Fal

0*,*

nBa^J^kT

IMP**

CM
M/
a.

3-3/4" ID 1-1/8" ID

— 30 Inehea

SAMPLE

No.
5-1

S-2

S-3
S-3A

S-4

$-5

S-4

S-7

S-8

S-9

5-10

S-ll

S-12

S-l 3

S-14

0**
0.0.7. fl*

2.0-4.0'

4.0-4.3*

4.3-4.0'

6.0-8.0'

a. o-io.o*

10.0-12.0*

12.0-14.0*

14.0-16.0'

17.0-19.0*

19.0-71.0*

71.0-73.0'

23.0-23.0*

23.0-27.0*

27.0-27.8*

Hfi.

74"

24"

18"

24"

24"

24-

24"

24-

24"

74"

74"

24"

24"

9"

M. D'Aab 1*

K. Smith

H*c.
12"

1"

12"

24"

24"

24"

24"

24"

1»"

»"

17"

24"

1»"

9"

Projad: otin otpncAi ootfOiATioii
Htlaloitoa. MA

Pro|act Mot
Data Start
Data End:

90718.01

11/8/89
M /ll/ie

Oroum
DATE

11/13/89

•ow^r
2-10
9-4

2-4

8-8

3-4

3-4
10-19
l»-2t

»-7

9-13
21-17
22-20

4-3

7-9
6-«

14-21
20-33

7«-41
4O-30

3f-35

17-18

21-34
16-24

39-33

14-29

34-41
47-30/3"

State
Chang*

4,0'
4.5'

13.0*

28.0'

DEPTH
6.0'

fcMterObMrv
CASmQAT

SMKWDMC

9naat *> of 3
Rorina MA; cv-jj
Laotian:

Surface Etov:
•torai

STAMUZAHON PERIOD
Cpon Coopletioa

rlptai
S-l: Brown, fine to coatee (and.

little travel, fill

S-2: Saae aa S-l, rock to tip of spoon

S-3: Black peat

S-34! Srowa. fine to aedlia peaty Mnd

S-4: Brow, wedltai to fine Mod, trace
travel

S-5t Seae aa S-4

S-6i Sea* aa S-4, aaad bloving la

S-7t Graylah btova, flae to aedlnai

loat 1.0* aaavllnt, due to Mod

S-9: BIOM. flae to ceerse aaod, »rmi»l
•ad boaldera. trace ailt

S-10: SaM aa S-9

S-ll: aroM, flae to »edla« Mad.
little grarel

S-12: Brow*, fine to coerae Mod and
traral. boulder*

S-13: SaM M S-12

S-14" Sea* aa S-12

Started to core at 28

». t «wr*«T •• « «ewtoo»i

*!« fllVV »•» €BMi
«•» •*• •> **tmm

NOTES
Sea attacked afceec for Monitor log

REMARKS:
1H aWMOavfVlaWT OOO

tMIMUl«U
LMOUKOO1M

***OM*

nr<c7ao

Veil iaatallatlOB

n Mw«Mir NTMW M*. nvniMMnaHUM « OMOVM. •
ga*«uciwmeMii)i

.0*

IMC* »•>•»
uny <».«»

am \jtrn.
XtCMLOT



AĤu MimffJGWOTNG&TETWG WC.

1

Cuing Samptor
Typ*) Hollow Stta An««r *•!*,£ ?W4f

Sh*
HaiwiMr
Pal

D«f*t

33.01-

40.0*

30.0*

33.0'

60.0' _,

UafctMV^V^PW

taap*C

u/

1-3/4" ID \-MV ID

— 140 oouadB
- 1 M in— 1^—

SAMPU

No. 0»P» Na

M. D'/tabro*lo

K. Smith

MM

W^l«la«to*. MA ftAtUMklA. CW-11

Pro)MtNo:
Oat* Start
Oat* End:

MTII.QI Ueatftm*
11/8/84

11/13/89 Sllfii*^* FI*jV*

Orauntfrntor ObMralam
OAT!

«ow^r

•

Chang*

33.0f

OCTTH CASINO AT STABtUZABOM POUOO

iMmtePMcitolon
tUM >L 2S. 0-33.0' UOOVEKT: 59"

lotto* of Exploration «t 33.0'

MOT!: t»i»«d oat coco bol* fro*
28.0* 4oM to 30.3' - lUd

fro* •bov* sol*s !• to eoro
hoi* - drOV« CMlAf tO 29.0'

too botto* of w«ll •eroo* «t
30.3'

•OR: Used M|M« do« to 21.0' dooth;
Fro* 21.0* U 21.0* Mod 4.0"
flu«b>joiBt ea«lii|.

JIILJUIM

Nokw

19) •• HM*I ^ K*Jvf>*>*M

NOTES

1 R0-Alots: S~-~rj^"Hr^ — wsr-~-«- — • 1



MONITORING WELL DIAGRAM

* * *
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• • I
f •
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• '

• •
» • 4
• •

» • i

• *> t <
• •
• • 4
• •

• • <
i t
• 4

T
n

o

—i n
X

A) Borehole Depthi _ 30.5'
2.0'B> Cover Pipe Stlckupi

C> Riser Pipe Silckupi i.v
0) Concrete Sedt

Thickness* i.Q'
D Bentonlte Seal Froqi 14>0

Thfcknessi to ground
F> Sand Pado frc« 30.5 to u.o*
G> Borehole Diameter* ___
H> Vellscreen Dlaneten 2"
D Vellscreen Length iQ.o*

D'A^ro.io

QLIH CHEMICAL
Wilmington. MA

Project Nw 9Q718.01
InstaHotkm D«t«t 11/13/89

lorhQ
VtU
Surf act

cw-38



^
GEOLOGIC LOG

1 Mi I FRENQNFFRNG. NC.

TVM •

•izi or
NOil

—

COM
MCOV

iftv «
U.IVA-

TMM

B COKE LOBS

CONK MCCOVINV

MFTM

M.Ol

33.0i.

3*.s*-

41.51.

too
•AMPLM

von
TISTMM

MOJICT; OtU CNM1UL COOOiATNW IOMINO NO
UUgJgttMi H|

PROJECT MO. ttULSL SURFACE ELEV.

. ou-j. LOCATIOK

01

1 laa NM

EPTMS:
DATE START MJUM ,, _- COMPANY HILLKK DKIHUIIMC i TESTING OVERBUnnFU

OATK KHO .. U4]/f| ,. ._ DRILLER H. D'A^rMlo TOTAL
MEI REP "o-« WATER

OtABMflCATIOH AMD

PNVSICAl COMMTIOM Of NOCK

BUM fit
Dark |ny to kUcfc. very fto« graio«d calc-«lllc«c«
|Ml««. Thim (!••• thM 1 tack) f«l«le lotriMlon*
nuUoMly «rt«at«4 tkreuglMMt cor*. Upp«c oo« loot
kMvtly frMtiir«4 wick me yl«e«a gr«>t«r than 3M In
•it*. t«B«tM«r of coc« •o4«rat«ly fractured with
lat«r«*ctlB| iracturaa tta«4U| 4) dagraaa fro*
horlsootal. Pracutur* ap«cta| avaragca 9". «»c«pt
for low«r oaa foot of coca, which •xhlblts cloaar
•pac«d fracturaa (avaraga 3"). OK Ida t loo praaant oo
•oat (ractura aurf acaa .

UCi 59"/60" - MX KQOi *5"/60" » 70S

BUN 12:
Saaa tanacal coayoalctoo aa BUN fl. fracturing In
BUN 12 orlaatad ap»ro«UMtaly 20 4a§raaa to horl«ontaX
and wldaly apra«4 (7t"> a* avaraga. No 4onaaly
fracturad araa aa in BUN 11. MiMiauat oxidation on
fracturaa coaoaaail Co BUM 11.

BBCi S4-/40" - tU BQBl Jl"/40" - g)S

OMtLINO •EHAVIOH

ffEO WATCH

REMARKS:

NOTES

• uavf _ln* '.



TEST BORING LOG
Praj*efe OLIK CHDItCAL COUOtATION

/Y\ WlUlnftoo, HA

41
• MÎ BgGlNEffrJG&TESTfgG. rsC. Pro

Oat

JcctNo:
• SUrt
• End:

40718.01

11/28/89

11/28/89

ShMt _L_ ol i
Boring Ma: cu-i«

Location:

SurfacaEtov:
Casing Sampler OraundvniaYOtaMmflom

Typa) Hollow Stoi ii|iti Solit SDOOO OATI

Sin
Hanwtav
F«l

_ _

Mr

«iff

14/flf

7rt(r

75 T

?OCL

Uafct̂ inva^VB

IMC4C

M/
a.

3-3/4" ID 1-5/8" ID 11/28/89

— 140 Dounda

— 30 laehaa

SAMPLE

MOV

S-l

S-2

0^*
0.0-2.0'

4.0-5.5'

r

Pm.
24"

18"

•* Tl " ft Bill Ffl El' *

. K. Smith

M*K.

18"

18"

Btew«/r

1-1
3-1

14-28

33

State
ChMQt

2.0'

8.0'

13.0'

DCPTM

2.0'

CASINO AT

— .-

STABNJZAItON PERMO

Upon Coaplcttoa

S-l: Dark black paat and paaty sand

MOTE: No aaapla at 2.0' hlttlai
bouldara

S-2: Ttllov-bronn, fina to coarta
•aad. (raval and boaldara.
traca aUt

HOTI: Bo aaoEtla - blttlaf bouldara

ftUN 11: 8.0-13.0' UCOTUT: 56*
Cor* 11*8 par/foot
12:-9:-»:-l4:-16«

lotto* o

VOTK: Mi
tl
fi
«
d<
«j

t Exploration at 13.0'

ida (our attanpta (attlag down
iroo«h bouldara. littlaf ra-
taala at 3.2', 3.7', 6.3' , aad
0*. Aatarad dow to 8.0'
tpta, tka* •vltebad to eaala«
Lta aplsalM *BBa.

*~ ». i MNfion ~~ »• • mi \aarn
t- t gH^ 4-« <£*jmm

»'•» •** »-• •••«
«.» NMB) » l̂ 0m«i

NOTES .

^S^SnTTmnTir T^r?5- -=?=== .. «- — -.— .
• MWHtMOUM.*
OMKlCM»10«M
MV1WVM IMflL

unut »••»
•»• »•«•>
«• »••»

•1WIJML
MtMM.0?



MONITORING WELL DIAGRAM
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A) Borehole Oep-thi 13.0*
2.5'B) Cover Pipe Stlckupi

C) Riser Pjpt S-tlckup* 2^0
D) Concrtit Stdl

Thickness*
e> Btn-tonrU

Thlckntisi
F> Sand

i.o1

1.0'

12.0'

Q Borehole Dfeme'tert &l
H> VeUscreen Dtaweten 2**
D Veilscreen L*ngthi 10.0'

Helper* K. s«ith
Ifispecton -

Project

flHFMTCAT. COB».

iin«too»__IlA

<>07ia.Ql

lorttg
Veil MM 2L-39

Surface Elevj



GEOLOGIC LOG

[| UiigpfNqNBBRNG.rC.
•*•" "̂  "• — •" ̂ mmmm ""̂

TVM *
•Ul Of

MOLI

•»•

•

•

•

••••*

•

•

•

*••

•

•
•1

aMB»

•

•
Ml

«••«

••

••

•••M

«W

COM
MCOV
•MV %

«L«VA.
TIOH

B COM LOSS

COM Mcoveitv

MPTN

t.0f;

njll

«

«

10«

•AMM.C*

ro*
TMTIMO

PROJECT: OLIM OHMOd. OOttOBATlOM BORINO NO. ru.i« LOCATION $.4 Pl.n
U1I» !»»»«• MA

PROJECT NO. «07|f ,9| CURFACE ELEV. DEPTHS:
DATE START , 11/21/82, COMPANY MIU» CMCiNiuiMC i TESTING Ovfttnuanf^
DATE BNO , JV2*/«» DRILLER M. D<A^>ro.lo TOTAL

MEI REP MM* WATER

.CLASSIFICATION AND

MtVMCAL OOMOITION Of NOCK

•M lit
Light |ny, •*41u« |rai»*4 >u|*r gn«i««. with abundant
41a*-slM f«14«rar ecy«ul« im tla»r «rain«4 Batris
1* (clale layer*, roliatlo* trand ra»ga» fcoa eub-
borlioatal to arproKUtataly 60 da|r*aa. rracturlni
trwU* to occur aloog UM *or« falalc layaca. Fractura
•pacini avaragaa about 10-12" throughowt cor* lanfth.
with tomm eleaar apaca4 and tntaraactlng aata.
Alcaratloo of faldapaca to clay alnarala avldaot on
•oaa fractur* aurfacaa.
tECl 46" /*0M - 93X IQDt *8"/»0" - 801

OMLIMK> •CHAVIOM

r«o WATIII

REMARKS:

NOTIS

•NEGT1.OP J.



S-s5 i-aommsttr. MA 01*53
:617] 8*0-0391 Geotechnical Drilling and Groundwater Monitor Wells (603) 882-3601

! ;,«« OLIN CHEMICAL Oat* U/23/87 J<»Na aj-*9\
I .xvofl --IN ̂ "rwr^r g^^g STRE£T( WILMINGTON. MA

BORING TyF« »l "tJHI OM 1 1 / 1 1 / 8 7 0«» i i / n / f l ? 0 "** o » EngjHydroi. _ -
NO-Sulfaca Landfill SHALLOW 11 Sttrt 1 l / l l / 8 7 Canp^W 1 1/ 1 1/87 *WMn *•»• G2to5« D 'C-

1 *
?
w

5

'0

•5

20

25

I

30

35_

<0_

SM
5imot«

NO

1
1A

2

3
h*

5

b
7

8

9

0«fxn(H)
O'O"- I 'O"
I/O"- 2'0"
2'0"- 4'0"

i'O"- S'O"
5'0"- 7'0"

7'0"- 9'0"

S'O11- 10 '0"
lO'O"- 12'0"

12'0"- 12'9"

U'O"- U'7"

*

.

t*0tt»
olowv

6'PMwtnten

4-4-
8-7
7-8-8-8

4-6
4-6-10-11

13-16-17-20

46-70
64-34-27-33

58-120/3"

53-120/1"

•

Aw.
IneDM

MwnQ
Bkw?
Pwft

1-iH mrtfnr htitroct mm Hocripiloni

4S5L
ttP

I 'O"

9'0"

L5'0"

V«m kJwMcanon ol Soil andtor Boek Stna
^|flllimnStlj|5, B§Jj^ djfjidid bill1, som«-1

M«dlu« d«n««. dry to w«t, tint SAND,
crrnc* co soma inorganic silc.

Vary d«n««, v«e, fin* SAND, and Cine co
coarse graval, COM inorganic sllc, and
madiua co eoars* land, tract co som*
cobblta, and bouldars.

End of boring ac 15*0"
Sac wall poinc at IS'O"
Wacar laval ac 5*6" upon complacion

Wall Macarials;
I - 2" PVC and plug
1 - 10' x 2" PVC scraan
2 - 51 x 2" PVC scraan
1 - 2" PVC slip cap
1 - procacciva locking casing
1 bag - sakraca sand
2 bags - Pore land caaanc
3 bags - silica sand
2 pails- banconlca pallacs
1 bag - banconica povdar

Typ«ollortng CaangSU* Hotav Stan Augv te 6t

DmuMtaii riirinM
Tnet 0)0 W%

Somt 10 to 40%
And 40 « 50*

Oto4VtoylMM SOttSODMM 002 \tey3o* ItoiSSM
4I010IOOM OMrSOVtoyOmt 2 f t 4 M lS»30\MrySM
10 to 30 IMW OWN 4*,|M«Mia« Ow30Hirt

^rr^™ . ..
SKVOM PUMIMUI
ItoiMMpirrtM

Ml (SPT) • 140* hMvmr Mng 30*
•*«MiMtriong*2'OA» 1 STLtt «N ipoen iMpto urtat ottwrmt noM.

Th<ttfm$andp>>CTniM>ui<diodMcnMie<^efMdiMttMi<cii<<«^id»r<ifcM^
Dr tmt ol yt* and *«v MM awing dw dnNng pncwi • WMr (MM MkMd mty v«y «Mi MMOM! *MMMn «M M ttgM at m MunDon «««> tm
bonoq«Mt>wn. • Thi mtfakon linw nptMM ttw ippiaaRMM boundviM b«M«i ml iyp« to icM madam my to graft*. •



GEOLOGICAL LOG OF DRILL .HOLE

/^|l M11£R ENGINEERING. INC.

TVP« 4

aizi of
HOLg

— E

t •

com
MfCOV

•MY »

CLIVA-
TION

S CORE LO33

CORE R E C O V E R Y

DCPTH

22 '-9" ~

27 '-9" -

~

LOO

/

PROJECT- OLIN CHEMICAL •ORIMO HO. B-A LOCATION see pun
UllBlntcon. HA auaf

PROJECT NO. ^012 1,°' •ooi»a en M l l ' s c En

AC! CLEV.

o ' r - l no &

DATE STAPT. 6/25/86 nniLLlNO ra«EUAM T. Co«uilka TOTAL O^.TM 27'-9"

— ~- '-^ HATP PNIft* fe/2^/86 U V A T on»aff «cur ATivff W. Childs UIATBB ncDTu S' 1 "

• AM^LI'

PON
TISTINti

/

REMARKS:

1 CLA39II>ICATION AND

PHYSICAL CONDITION Of MOCK

Run 11 22'-9" to 27 '-9"

D»tk gr«y-gc%«n, fln«-gr«in«d granodlarite wi th
chin l«n«« qucccx. Highly fr«ctur«d ca 24*9";
!••• foccured 2A'-9" to 27'-9".

R£C 57//60" 95X RQD 28"/60" 47Z

' ' ,
Terminated at 27 '-9" In bedrock.

ORILLINO

U«d

10-16
•In/foot

• EHAVOIR

••!•»

No color
change

>oiu loss
!2'-9" eo
24* -9"

Little
loss

!4'-9" to
27 '-9"

NOTES:

SHEETl-OF -i—



GEOLOGICAL LOG OF DRILL. HOLE

/rl
/A \ \ MIJJS ENGINEERING. INC.

TYPE t

•IZE OP

HOLE

^

com
RECOV

BRY *

ELEVA-

TION

8 CORE LO«»

CORE RECOVERY

DEPTH

10.0 -

iS_.-

20 ~

Loa

/

• AMPLE*

roH
TESTING

/

REMARKS:

PROJECT; OLIH CHEM.JCAL EORINO NO. B-6D LOCATION See Plan

UilMlniton. HA »u»m

PROJECT NO. 60221.01 , t«ifna fin HIlleE En

ACE ELEV.

a'rtno k » lit '-VC««C. ncn-ru nm nuenaiiBi>_u ••• J

DATE START- 6/2^/86 amLLMa PQQ.MAH T. Cowilka TOTA, «a.Tp l9'-3"

DATE END- 6/27/86 UEIT HCPHC*KMTATIV( U. Childa WATER DEPTH 6"

CLASaiPICATION AND

PHYSICAL CONDITION OP ROCK

Run 11 lA'-3" to 19'-3"

Dark grey-green, fine-grained granodlorite.
little fracturing.

REC 5V/60" 901 RQD 37"/5V 69Z

Terminated at 19'-3H In bedrock.

OMILLINO

U.d

10-12
•in/foot

•EHAVOIR

..«.r

No
change

in color

Little
loss
of

water

NOTES:

(1) First atteapt 11*-12'
boulder, not Included
In 5* core.

SHEETi_OF -!—



MA OUS3
;617) 8*0-0391

SOIL EXPLORATION CORPORATION
Geotecnnical Drilling and Groundwater Monitor Wells

23 :
. NH 03060

1603) M2-3601

::,*,, 'LIN CHEMICAL Om 11/23/87 ^^ 37-391
.xaeioft OLIN CHEMICAL. f EAMES STREET, WILMINGTON, MA

itu
ln

 
i 

T
 1

'0-

15

20 _

2£J

30_

3S_

#1 s"U/12/87 SoM.11/12/8

Sample Don
5*moit

NO

'
L A

2

3

^

5

6
7

Ri

Own id.)

L ' O " - 2 '0"
2'Q"- 4'0"

i'O"- 5'0"
5'0"- 7'0"

7'0"- 9'0"

10' 0"- 12' 0"

n #1 12'6"-
13'6"-

'

6-A.U

8-7
7-8-8-8

4-6
4-6-10-11

13-16-17-20

46-70
64-34-27-35

13' 6" 14 a:
U'6" 17 m:

•

type of aerlne; C«sng Star.
rnuuulLul tmmt^m m

Som« iO to 40%
Ano40iQSO%

9t nmt oi year and «ew added during ft
bdrmg was tattn. I The aaifrjBun iw

P«C
IneflM

n. /
n . / i

Pvft.

oot
oot

7 On*
' fon!£n P - N - I35T D - c -

Sod andAr bedrock nratt dMcrtaitene
SWB

ttr
I 'O"

1

<*ll
12'6"

14' 6"

Visual Memrtleation of Son andAr flock Stna

! — f ine en

Medium dense, dry Co wee, fine SAND,
trace to some inorganic silt.

Very dense, wet, fine SAND, and Cine co
coarse gravel, some inorganic silt, *nd
medium co coarse sand, some cobbles and
boulders.
Run *1 NX CORED ROCK from 12 "6" co 14' 6".
Recovery 24"/24" - IOOX.
End of boring at U'6"
Set well point at U'6"
Water level ac 5' 6" upon completion

Well Materials;
1 - 2" PVC end plug
I - 10' x 2" PVC screen
1 - 5' x 2" PVC riser
1 - 2" PVC slip cap
1 - protective locking casing
2 bags - sakrete sand
2 bags - Portland cement
3 bags - silica sand
2 pails- bentonite pellets
1 bag - bentonite powder

NOTE : Blows And Soil Descriptions
Used from SL-IS (Shallow),
Per Client.

HolQvSMfflAigvSta 6ft

OteeMmr Soli (M«M per It.)
0 to 4 Ve»y LOOM 30to500en*o
4 10 10 LOOM Ow» SO vary OenM
ion 30 Medium Oerw

2«949oft lSB30*ryStifl
40IU**«*ar7 O« 30 Hart

Standard penenten IM (SPT) • «0* hammer ding 30*

M «M and or iwk m MMd a
• drtkngpR)CMi.|WHerl«
H rtpreten <rw appnomw

• t^M*^ uiAjit^b^iiMHk «^ ettA f^Ariii1 WUB IQiJfwHGmVDn 01 TO rw*l

eto MeaMd mey very •«») MMone! miaumtqn and M dtgns of vd Murauon *rm me
IM iduet tinsMom MT M gnduat •



MA 0145J
840-0391 Geotechmcal Drilling and Groundwater Monitor Wells (603) 882-36C1

OLIM CHEMICAL 1 1/23/87 joe Na 87-891

u OLIS CHEMICAL, . EAMES STREET, WILMINGTON. MA
80WNG ^'P« '* SL-fl)
N 0 . 5 u l f a F « Landfill

Oi» i , / n / a - » °"»DEEP *2 SUrt U/13/87 Comowt
_ „P.M.

t - h'40 3«om (II.) <*
SWB
Cham*
Dip*

^PIT
9-9

ino^scf iina co oaaiua_:»Afiu, som«
LQ!

yj 2 'Q"- 4 'Q" 5-7-7-6

20

25

30.

Mtdium d«n*«. dry to w«e, ftnt SAND.
tract co son* inorganic silc.

15 ' 0 End of borini at 15 '0"
S«c w«ll poinc ae 15 *0"
Wactr l«v«l «c 5 '7" upon coaplacion

U«ll Material*;
2" PVC and plug
10' x 2" PVC scr««n
5' x 2" PVC risar
protaceiva locking casing
aakrata sand
Portland caaant

3 bags - silica sand
2 palla- bantonica pallaes
1 bag - bantoniea povdar

1 -
1 -
2 -
1 -
1 bag -
1 bag -

fritt 0 (0 10%
Som« tO lo 40%
And «0 to 50%

4niOLeois
4»i ^

8«

_ _



^s:\zz. -48 Of
MA 01453

617)8*0-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 'rgaiis 3t
Nasnua. NM 03060

(603) 382-3601

::,̂  OLIN CHEMICAL Oat* U /23 /87 MNc. 37-391
.:canon CLIN CHEMICAL, EAMES STREET, WILMINGTON, MA
BORING Typ* *2 si-l3D Dm . Oate ,,,,„,.- Onthng EnqJHydrol. ^
NO.Sulface Landfill DEEP 43 Sian U/20/87 compmt 1 1/20/87 fg^ P.M. Q ,̂,, D .C .

«
>4

1

:

'0_

• (

X

25 _

30 _

35 _

«o_

Sam^Oata
Samott

^0.
1

L A

^:A

3

?*

5

6
6A

7

3

Ri

OtOtfl (ft.)

O'O"- 0 '6"
r j ' - j"- 2 'Q"
Z'O"- 3 '6"
3'6"- 4'0"

5'0"- 7'0"

7'0"- 9'0"

lO'O"- 12'0"

12'0"- 13'6"
13'6"- U'O"

15'0"- L 7 ' 0 "

17'0"- 17'7"

n '»! 19'0"-
20 '0"-

SlnM
6* P*n«nMn

L-
2-2-3
3-3-4-
5

9-11-11-12

15-10-8-12

5-5-6-6

7-13-10-
21

U-17-U-12

29-120/1"

20 '0" 6 m:
21*0" 10 m:

•

R«c
Incftts

n . / l
n . / i

Casing
Blow?
Pwf».

00 C
ooc

SON an4Mv bodtock untt daadlptlofla
Stnu

Oanot
(toft

'6"

3 '6"

0)
i

1W
19'0"

21' 0"

Visual Wannfteation ol Soil andtor nock Stm
rop^g^ _.
Loose, moist , tint SAND, some inorganic
silc, cract root matttr.

Mtdium d«ns«, dry to v«c, medium co
coars« SAND, some fin* sand, craca
inorganic silc, and medium gravtl.

^•ry dense, wet, tint Co meoiua SAWD,
some medium co coarse gravel, and
inoraanlc silt, few coBSIes and Boulders.
Run. 11 NX CORED ROCK from 191 co 2 L 1 .
Recovery U"/24" - 58. 3S

End of boring ac 21 '0"
Set well point at 2 TO"
Water level at 12*6" upon completion

Well Materials;
I - 2" PVC end plug
1 - 10' x 2" PVC screen
1 - 10' x 2" PVC ri««r
1 - 5' x 2" PVC riser
1 - protective locking casing
1 bag - sakrete sand
2 bags - Portland cement
2 bags - silica sand
1 pail - bentonlte pellets
1 bag - benconite powder

TYpeolSortne. Cas.no, Si« Helm SUm tag* Sin: 4}

''rowHtion fwi HIIMIM
TraaOtoiOH

SomtiOn«0%
ArtJ40B50%

QnmevSoii(MoMparn.) COM* Soft (Mow per It)
Oto4\*yUoet aOtottDant* 0»2Uafy3c* ImlSSM
4 » 10 LOOM Over SO vtay Dense 2»4Soft U a 30 \*> SW
tOtt30M*chnO«m 4kHM»aumSe1l 0*30 Hart

Standard penenticn tM (SPT) • i40» hamnw laing 30*
«OM M par •• w«i win in if 1009 » 2' O.OL « t IT UX «* spw mv* vftm eitenMa notao.

The Mrmi jno pwferiatfM u«d ID McnM Ml and or re
&ytvnt 4 ywr«MM«vadcM during trwdnfcqproc*
oonng was aktn. • Th« iu«<umn tnw upmm 9)

ic>a^Oarfo^v<uatio^mAaDon(y»tieiip«Uamc<si 9*t*unuamti*uMir*it*#«3M
m. • Wear (Me) «d»ea«»« may »ary «Mi seasoMl HueuMn ans »• otgrn at sM teannn «n«i tna



617)8*0-0391 Geotechmcal Drilling and Groundwater Monitor Wells
(eo3) 882-360'

»m OLIN CHEMICAL Om 11/23/87 Joe NO. 37-391
jxiiw OLIN CHEMICAL. f lAMES STREET, WILMINGTON. MA
SORING -yp« *2 -3L-4D O s » n / l f i / H 7 Ds» , , / !* /
Nt tSul fa t t Landfill DEEP #4 Sttrt11 '16 '87 CompMi U/l*/
*
5

i •
n

i _

'0 _

>5

20_

25 _

30_

35 _

40

SSMSOOM
Siffiot*

NO

I

1A
2

3
«

5
~Ru

Ot»n (A.)

O'O"- I 'O"
I 'O"- 2'0"
2'0"- 4'0"

i'O"- 4'0"
5'0"- 7'0"

7'Q"- 7 '8"in i i'0"-
9'0"-

LO'O"-
Ll 'O"-
12*0"-

•

•

wont
5 F*tflO(l4DOA

1-2-
6-6
3-4-4-4

120/0"
15-29-31-36

tiA,l,20/2"9'0" 3 min,
lO'O" 3
U'O" 5 "
12'0" 9 "
13 '0" 8 "

•

•

BK.
InehM

/ fO(

Cong
BkMt
Pwit.

8 7£SnP-N. SSST D . C .
M ^^^l^ k^^^^^^^ ^^^SM ^^^^>^^^i^^^

vw uwraci i«w oncn^ionv

Siw
%»•

I 'O"

4'0"||i--!i
8'0"

13'0"

viwil lomAcabon of Sat Mtor Rock Stnu

Loos*, ooist TOPSOIL.
Loos*, moist GYPSUM.

Very d*ns*t dry, fin* SAND, some oediua
to coars* gravel, and inorganic silc,
f*v cobblts, and bould*rs«

Run 11 NX CORED ROCK from 8'0" co 13 '0".
R*cov*ry 14"/60" - 23. 3*

W*ach*r*d and aany fractures.

End of boring at 13 '0"
Set w*ll point at 10' 8" (Du* to
obstruction in cor* hoi*).
No water encountered upon completion

Well Materials;
1 2" PVC end plug
1 - 3' x 2" PVC screen
1 - 10' » 2" PVC riser
1 - protective locking casing 1
1 bag - sakrete sand 1
2 bags - silica sand
1 pall - benconite pellets ,

Typeodonrq CwngSfeK HOSM Stam Auosr Ste 4fc

itaesOMKm
Som» 10 to «m
And40toSOH

QNM!V Soss MSM psf IL)
Oio4VtoytooM 30K900SMS
4 to M) LOOM OMrSOVIvyOwss
iO«30MMJumOsms

1

0»2V»yM IB U5»
III 4 SOI ftfeaVMVSttl
4»|UsolM9sl OMT»HM

Stan*rtpSMNlMM(3PT)> MOIhUMMrMbiiM*
MOM M psr f MM *ft M ir lent a r 04X » 1 1T LO. sjft 900* twota urtM otMnm «o«

Thttsnm
ftytwwo
MraiQ wi

and psfcw«fM uMd to dsstnBS ss»siii « n
ysw and wasr idosd during 9* dNtaf praes

iiopraoMSi bounosfiei MMSH SB tjffSSi

itt swsle^ 1 MssBse oMM nsksM ney M iffKiM
WSJ lueMsn «• fJS «Sf« oJ sat tannoon *n«n ir»
Us MS* >ms*oni msy 6s ejunsl •



.=:=. '.48 aon««' Or
*' r MA 01*53

(617) 8*0-0391

SOIL EXPLORATION CORPORATION 23 ing..is si
Geotechnical Drilling and Groundwater Monitor Wells Nas"603)N882°3«oi

-tm OLIN CHEMICAL Ow 11/23^87 ^^ 87-891
.xawt OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

80WNG >.ype #2 3l*-5D Qato ., ,,,,., Oaie . . ,.,,._ Ortfca _ „ EfWJHyuwi.
*0.5ulface Landfill DEEP 05 Start U / 1 / / B 7 ComoMe H/ 17/87 FOWIWI P - N - G**>«« D . C .

C *
irn i 

T 1

5 .

20_

25

30_

ta«<
Sam ow

2

3

4

5

Rv

Owin in.)

O'O"- 2 '0"

2'0"- 4 '0"

5*0"- 7'0"

"0"- 7 '5"

lO'O"- 10'7"

n #1 l->'0"-
U'O"-
15 '0"-

tfcOett

S-4SSU
3-2-4-3

9-5-6-8

3-3-5-4

120/5"

37-120/1"

14 '0" 8 mit
15 (0" 7 mit
15 '6" 5 mii

•

fl«c
IndMS

. /fc
, / f <
• / I

Stow*
Pun.

ot
ot
foot

SoM ind/of bedfpck mitt dMcrtpdem
Sim

D

7'0'

13 '0"

15 '6"

Visual htannfleamn <rf Set andtor feck Stna

Loose co medium dense, dry co mois t ,
fine SAND, some inorganic silc, trace
medium co coarse sand, medium co coarse
gravel, wood, and blasted rock.

Very dense, dry co moist, f ine SAND,
and medium to coarse gravel, some
inorganic silc, and medium co coarse
snad, few cobbles, and boulders, cracc
weathered rock.

Run #1 NX CORED ROCK from 13 '0" to 15'6".
Recovery 23"/30" 76. 6Z

End of boring at 15 '6"
Set well point at 15 '0"
No water encountered upon completion
NOTE : Water at 14' 6" after 24 Hours

Well Materials;
1 - 2" PVC end plug
1 - 10' x 2" PVC screen
2 - 5' x 2" PVC riser
1 - protective locking casing
1 bag - sakrete sand
1 bag - Portland cement
2 bags - silica sand
1 pail - bentonite pellets
J bag - bentonite powder

NOTE : This hole was a second acceope.
On che first attempt the hole venc off
due to blasted rock. Moved 4'0" forvtrd.

type ot ferine, CasngSia: Mahw )m* Auger Sac 4i
Proftomoii rHTHMMM

Tries 010 KM
Some 10 10 «0«

004VeiyiooM »B>MOene» 0»2«ry3st I««»M

tt"« 30 (*•*•* Oonet 4«IUsa«i9« OMrSOHent
StsMMpsna«mlQaM(S»T)« MM hammer Mng 30*
tkmn*V^^*W^*r^*l&&**i&*i^**»<***»™«-

oyOTedy«afM*«eiirab^a^lhe(»s^pDcm
boring was taiisn. 1 The mofcemn inet leprasM M smwonaji boundaries bttMen sol typmx M sflus) ftflemvis My BS ejawm\ •



(81̂ 840-0391

OLIN CHEMICAL 0* 11/23/87 JodMa 87-891
.jcaoon QLIN CHEMICAL. jEAMES STREET. WILMINGTON. MA

Sample Ott

NO

3«ffQM Aw.
IflCM*

Stna
Vnun UmMeatMn o< Soil Mtor Reek Stna

O'O"- 2 ' 0 - 3-4-4-

2'0"- 3'0 9-10-
l\ 3'0"- 4'0 5-4

Loose, aoisc, fin* SAND, some inorganic
silc, trace blascad rock, m«dium co
coars* gravel, and organic silc, oixtd.

5'0"- 7'0 2-3-3-5

Medium dense, moist, fine SAND, some
organic silt, trace wood and root aacceH

W* 7-7-5-6 7'0"

10 -0"- 12 fO" 4-5-5-5
9'0

"- U'O 6-7-7-8

IS'O"- 17'0"33-30-31-44 14'6

Medium dense, dry to moist to wee,
fine SAND, crace Co some inorganic silc.,

Very dense, wee, fine eo coarse SAND,
SOM Mdlua co coarse gravel, few
cobbles, and boulders, craee inorganic
silc.

20. Rvn 01 19'0"- 20' 0 8 wn./;oot 19 '0
20 '0"- 21'0" 8 K B./: 00 C

Run fl HZ CORD ROCK from 19'
Recovery 24"/24"

co 21'.

25.

30.

35.

21' 0 End of boring ae 21'0" ,
See wall point at 2TO" ]
Water level at 12'0N upon completion

Well Materials;
2" PVC end plug
10' x 2" PVC screen
10' x 2H PVC riser
5' x 2" PVC riser

- protective locking casing
1 bag - sakrece sand
1 bag - Portland cement
3 bags - silica send
1 pail - bentonite pellets
i bag - bentonite powder

lypeofleriflf CaangSut: Hoftjv SMI Augsr Star

TneeOmnm
Some 10 IB «0*
*o«40lo50%

4iolOU«t
M1D500«t

OW30HM

ls« (3*1) • W fleam* Mhj «f•toM M pv r WM tM « IT iMf i r <m x 1 1T IA ^

luttdBOMCflbeioilMear
|̂  KMhA J^ tiAA* AA^ ta^rt^* m^^^^A ̂ t~^*^ ̂ ^* ̂ ^ij^^^ ^MW^^^ Hof nmv QI yew mo *ew MOM wmg •• nny •"•emv •
taring wu oMn. I The mmtcann ton npnw

al M
*MMMW



'43 »'ore«r Or
,9ominst«f. MA 01*53 SOIL feXPLORAHUN tUMPURAMUM

Qeotechnical Drilling and Groundwater Monitor Wells
" '"*•"»

^i«H OLIN CHEMICAL 0»U/23/87 jobNa 37-891
Locaiiw OLtN CHEMICAL, ,EAMES STREET, WILMINGTON, MA

SWlffi: farrdfU^DEEP »7 8 H/«/87 Sp^ 11/19/87 & P.M. |S2T D . C .

O
H

IO
 
»
 

1

5 _

'0 J

'5-

M _

25 _

M _

35 _

«0_

S«M

Sam (Hi
No. Ototn (n.)

O'O"- L ' 9 "
I

2 i ' 0 M - 5'1"

J
Ru

5'0"- 6*5" '
i <n 7'o"-

8'0"-
9'0"-

•

MOM

BkM«
6* fan •••in n.p*nKTOQn

15-27-20-120/j

67-47-120/1"

120/5"
8'0" 6 m
9'0" LI a

lO'O" 10 a

•

Ree.
IncAts

.n /̂

.n./
,n./

Cung
Blow
PIT H

[flOC
fooc
fooc

SoU mdtor bMrecfc itntt <*«crtpOoM
Stna

CAinoi
0*0*

/̂

7*0"

lO'O"

vi«i« Ww«rficaw gt Sol andtor Rock Stnu

Vtry dinat, dry, fin« SAND, som«
inorganic silt, and m«dium co coarse
gravtl, faw cobbles and boulders, t race
weathered rock.

Run #1 NX CORED ROCK from 7*0" co L O ' O "
Recovery 28"/36" • 77. 7X

End of boring ac 10 '0"
Sec well polnc ac 10'0n

No water encountered upon coapletion

Well Material*;
i 2" PVC end plug
1 - 5' x 2" PVC screen
2 - 5' x 2" PVC riaar
1 - protective locking caaing
1 bag - sakrece sand
i bag - Portland ceaene
2 bag* - silica sand
i pail - bantonita pallets
i bag - bentonita powder

NOTE : This hole is a second accempe .
On cha first attempt the hole was cored
2* co 5', with cobbles and boulders.
Moved 3*0" and started new hole.

type of Borttf CuingSfer He*je> Sew tog* 9m 4)

WOpOrtiOfl ^WCeVnOfOO
Tract 0 10 tO%

SomtHJio40%
And 40 to50%

0»4Wylm» aOtoNOanat OH2VenM IHUS*
4»MUa» OwrSOV*>Oana» *lM3ol ^?» !̂*"
lOtoaomdMOaws 4»lMa«u«aM OMr»Ham

ShMM pansntoi tM (9T1) • MM hamnar Wtog 30*
Bwa«perra*anw*«iirionfl x rQa» 1 1T UX •« ipoon awphr \ftrn af*rwa» no*».

Th« urns and pwcwagM g«M « dMenta id Md « m
91 MM <* year and vear added dume; M dMno pncn
Bonng wes'tuan. I The Madman inn npiwem A

ot M bend « «mal tdanWcaton at M aMw* «MBMa. • UoamjaoaMMeaMmeyMiflwaM
•. • VMHr (MM MMM may wnr •* »»»** «•**•» •* *• d«j«»»l«liamdoB«n«ime



Ltominstar, MA OHS3
(617) 840-0391 Geotechnical Drilling and Groundwater Monitor Wells (603) 882-360

Own OLIH CHEMICAL OM U/23/87 Joe Na 87-891
location OLIN CHEMICAL, EAMES STREET. WILMINGTON, MA

SS U/19/87 D.C.
Sod

NO 0«pm (ft.) 6
Stows

Incftw
CtiWM
8kw*
Ptr It.

Strtu
ttraflc*ion a( Sal »n<tty floe* Simi

aense, ary, tine SAND, some
medium to coarse sand, fine gravel,

O'O"- 2'0 5-7-11-9

i .ft VO"-

5'0"-

3-0
5'0" 7 min. )C

6'0" 9

Run *l NX CORED ROCK from 3'0" to 6'0".
R«cov«ry 26"/36" « 72.22
Fractures.

10.

End of boring ac 6*0"
Sac wall poiac ac 6'0"
No vacar ancouncared upon completion

Wall Materials;
I -
1 -
1 -
1 -
1 bag -
1 bag -

2" PVC end plug
5' x 2" PVC scraan
3' x 2M PVC rlaar
buffalo box
sakraca sand
silica sand

i pail - banconica pallets

25.

30.

IS

40

Tfae o( levins, Cuinf SBK * I

TrtCiOtBIM
Saw 10 to 4M
And 40 » JO*

4M10
30 » SO Own
OwrSOVfcyOaw

OH a
*' M* * "

nsl (3Pn • '401
BtaM M par r MM «t» M if tang i r Ott • 1 JT Ul a*

T>»iinTM«ndpa>cinug»î BO»KnDi>ojjiti<aria8>aitĵ

»e> aim • TT» rntHMw *m naissm tia



_.̂ :̂ ._ us Pioneer Or.
~:=5 Leominster. MA 01453
'aajp (617)840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 ingails 5t.
Nashua, NH 03060

(603) 882-3601

Cipert OLIN CHEMICAL Date 12/18/87 job No. 87-891
:scanonOLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

SORING "type ''5 Ground Dal* M / in /R7 Oati i i /-m/a? Onllin9 P M Eng./Hydroi. n -
NO. Incereptor Elev. Start M/30/87 Complete 1 1/30/87 Foreman P 'N ' Geologist D ' C -

' 2i _
3
T

H

5

'0_

•5

20,

25 _

30

35_

*0_

Sample Dau
Sample

No. Depth (ft.)

•

aiows
6* Penetration

•

.

Rec.
Incriee

Casing
&ma
Pern.

Sou and/or bedrock itnta deecrlpdone
Strata

Change
OeptT

15'0"

38' 0"

40*0"
Type of Boring Casing Sia:

Tract 0 to 10H
Some 10 to 40*
And40toSOH

Visual Identification ot Soil andtor flock Strata

Sample description taken from Type //3

Moist to wet , fine to medium SAND, trace
inorganic silt, trace fine to medium
gravel.

Wet, fine to medium SAND, trace to some
inorganic silt, trace fine to coarse
gravel, trace cobbles.

NOTE : AIR ROTARY performed 11/30/87
and;
1. 12" Roller bit to 38' in soil.

2. 12" Roller bit 38' -40' in bedrock

3. Set 10" casing to 40'

4. Installed 6" PVC monitor well at
38'
Gravel pack :. 38' - 5'
Bentonice Plug : 5.V - 3'

WELL MATERIALS;
30' x 6" PVC screen (.015)
10' x 6" PVC riser
8" protective locking casing
2 pail - bentonite pellets
3 - concrete - steel guard posts.
Gravel.

BEDROCK
12" Roller bit 38' to 40' in bedrock.

End of boring at 40 '0"
Water level at' 90- ' upon completion
Set 6" PVC monitor well at 38 '0"

Gnnular Soils (Mows per n.) ConMh* Sotti (Mow per it)
0 to 4 Very Loos* 30 to 50 Dense 0 to 2 Very Soft 8 to IS SHI
4 to 10 LOOM Over 50 Very Dense 2to4Sot IS to 30 Very SMI
10 to 30 Medium Dense 4 to 8 Medtom SOI Ov«30Hard

Standard penetration test (SPT) . 1401 ha
BtoNt are per e* taken with an 18' tang >

The terms and percsnta^ usrt to describe soil and or re
by time at year and water added during the drilling proc*
bormg was taken. • The stratification lines represent tN

ck an bated on viwai identifk

immer fading 30*

abon of the retrieved lampkM. • Moieture content ndfcatsd may be affected
ay vary wMh senonaJ Huetuacon and he degree d sol saturation wnen the



14* Pioneer Dr.
Lsominstst MA 01453
(617)8404391 Qeotechnical Drilling and Groundwater Monitor Wells

23 ingalls St.
Nashua. NH 03060

(603)882-3601

CUM OLIN CORPORATION 0* 10/23/87 JoONo. 87-844

Locaon OLIH CHEMICAL. EAMES STREET. WILMINGTON. MA

s""B-i gr* S io/iv87 &• IO/"/«SSL B-S- uasr -^-
i
T
H

s

10

is

20

2S

30 _

36.

40.

SMptoOM

SOTM
Na

Rui

Dtpaun.)

L *l 17 ' 6"-
18 '6"-
19 '6"-

8IOM
6' PwMraban

8*6" 17 B
19 '6" 12
20 "6" 27

9

Re&
incnei

n^/
ft

**

Caang
nii~H<
P«rlL

ooc

Sinn
QMOOI
OtpdT

12 '0"

17'6"

20 '6"

1

Sol ttdtor ftnt'Bfi1 strati dttertpttoM
•

Vau* tdwMcttan at Soil indbr flock Stna

NOTE : No spile-spoon samples required
auger probe
soil description nude from auger

Medlua dense, dry, Co wet, fine Co
medium SAND, trace coarse sand and fine
gravel, trace inorganic silc.

i

Very dense, wee, coarse GRAVEL, cobbles
and boulders, some fine to coarse
sand and inorganic silc.

i

Refusal with hollow- stem auger, spoon &
carbide roller ac 17T6". v

CORED ROCK from 17 f 6" - 20 '6" i
**See below Recovered 26" - 72 .22

End of boring aC 20*6"
Water table ac 10' 8" upon completion
Unable to advance hollow-stem auger or

carbide roller bic.

** NOTE : Unable Co core past 3*0" -
cools jaasBlng in rock.

Many fractures and few voids.
No loss of water.

Itoeefleifcf CMmgStoK Hot* SM Augir So: 3j

•BmOtoxm
Sam Mto40%
And 40 to 50%

Qm*rV*(Ma«p«ll) C4Mt» 9* (Mow per I)
Ott4V*yLooM 30to500enM OtoJVtayS* IB IS Set
4tttftaoM OMrSOVtoyOeiM 2 to 4 So* 15 to 30 Very SM
tf«30U**MlOinM 4tollMMlSW Ow30HM

StttftrtpmirtfofllMfSPT). W0« htmnw Wtag W
etoMMperrttM«ftMil ' long>rOAx 1 3JT UX ipM *ow Mnplsr vrtm «Nn«e noM.

Tta wn M pMwttgH utrt to dNcM rt Mtf or nek m bMrt « «^ idinM^
by *M of ye* wd MirrtM during ff» dnfng pnem I MM* (Mto «fcart ray wy MH MMM! lueMinindlKd^rwdioisaniionwfwnin*
bang MIHM. • Tin «*a*wirm raprwrt l» mpraamM boumMn (MMM 10! typ* M Mud •»•*» m* to gndwi •



Sheet # of

146 Ptoneef Or
UommttK MA 01453
<«17)«4<W>391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalla St.
Nashua. NH 03060

(603) 882-3601

Ort OLIH CORPORATION Out 10/23/87 Jot, No, 87-844
Uxtfon OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

ST° B-2 ST* & lo/16/87 &. lo/l8'87 82. SS8?7 SBS1 J - p -
8p
H

5

10

15

20

25.

»_

35

40.

SMIV
Same*

No.

Ri

o^miit.)

a #1 23 ' 0"-
24 ' 0"-
25 ' 0"-
26 ' 0"-
27 (0"-

feOM
_Blo»»

6" PmMnoon

24 '0" 16 a
25 fO" 22
26 '0" 18
27 »0" 31
2a*0M 17

n«.
lodw

n./
II

It

If

N

s?

ooc

Sod tnOfer btdroek Hntt dMcrtpdora

**Chmot
OtfieV

ll 'O"

23 '0"

1

28 '0"

Vouil kUntifiejtion of So* andtor Rock Slnu

NOTE : No gplic-apoon samples required
auger probe
Soil description made from auger.

Medium denee, dry to wet, fine to medium
SAND, trace coarse sand, and fine gravel,
trace inorganic allt.

Very dense, wet, coarse GRAVEL, cobbles
and boulders, some fine to coarse
sand, and Inorganic silt.

Refusal with hollow-stem auger,
and carbide roller-bit at 23 '0"
CORED ROCK from 23 '0"- 28 '0"
Recovered 20" - 33. 3t
** See Below

End of boring at 28 "0"
Water table at 10'2" upon completion

NOTE : Unable to advance hollow-aces
auger or roller bit.
Few fracture*, no detectable voids.
No loss of water.

lypatMrtif CMngSbK Haft* Sto* *o» Sat 3k

•ftMOfeim
Sow 10 B 40%
Afld40BSO%

QnMtaSo*ft*Mp«ft.)
Oto4ViryLooM SOKSOOmM
4 to 10 LOOM OMrSOVMfOmw
lOlo30U«juiD«w

Cotoeto Sell (Mow per It)
OtoZVUrySol 8to1SStM
2 tt 4 Soft 15 n 30 Very Sbff
4tolMedk«nSM Owr30H*rt

Stondefd penenftan M (SPT) • MO* luawnr Mng 30*
BkM m pir «• MM M« w »• tang x r Oft x 1 3T ID ** moon wnpl« untat otfwnnw no»d.

Th» tinm «nd P«CH«M* «^ * dwaito lei M or rack M b«id on viii^ idMMcri^
bylimttf)»ifind)M<»ia^<>unna^atir^pMMiilW^lt»iliindTe^
bonngMi tttan. I Tht mofloton few npntM ttw I^PIDMIM boundvw DMMWI Hi typtt> VM KUI nrattoni iMy t» jnduM. 1



144 Pioneer Or.
Laominster, MA 01453
(617) 840-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Qroundwater Monitor Wells

.
Nashua. NH 03060

(603) 882-3601

Client OLIN CORPORATION Oa»lO/23/87 JooNo. 87-844
loo** OLIN CHEMICAL. EAMES STREET, WILMINGTON, MA

•OftNQ . , Gaunt Oatt 1Q/18/87 0«» i0 /1 8 /a7 g*!" SEYMOUR. EngJHydnH. j.p
NO. B~3 S«* Sttrt iwio /o / Compto* lu/ 18/8/ Foreman Gtotogw

T
H

5

10 _|

15

20

2S_

30_

36

40

Sa«(
Stmoto

No.

R\

o*pmin.)

,

n *1 24 ' 0"-
25 ' 0"-
26 • 0"-
27 • 0"-
28 •<)"-

itoOMi
QHWt

8'PmniiM

25 '0" 9 a
26'0" 12
27'0" 10
2ft' 0" 10
29 '0" 10

tot
IncftM

n./
N

It

II

^•ng
BtoW
PwlL

ooc

Son wd/or tadraek ima dMCfipaom
Sim
W

14'0"

24 '0"

I

29 '0"

Vauri UMMIcation <tf Sol andtor flock Stma

NOTE : No aplit-spoon samples required

Soil descripcion mad* from augtr.

Medium danae, dry Co vac, fine to
medium SAND, craca coaraa sand and fine
gravel, craca inorganic silc.

Very dans*, vac, coarse GRAVEL, cobbles
and boulder, coma fine to coaraa
sand, and Inorganic ailc.

i

i
Refusal ac 24 ' 0"
CORED ROCX from 24 '0" - 29 '0"
Recovered 25" • 41.6Z ,
Unable Co advance hollow-stem auger or
roller bit. Few fractures - no voids.
No loss of water.

End of boring ac 29 '0" i
Water laval ac 10*2" upon completion

I
lyeootlarini CMne&K Hotw Sew tog* Stac 31

tactOloum
SomiO«o4im
And 40 ID 90%

QMMBV Solo (Mow por IL)
Oto4VlNytoooo 30to»0inot
4 to 10 Loco* Ow 90 Vtoy Oonot
«tt30Uoo1tMOi)w

CottHM Ml (MOM (ML)
Oft2VbySot IttlSSW
2 to 4 Sol iStoaVtovStt
4DlHodkM9W OMT30HM

SttrtMdpmniaftMlSFr) • MM hanmrWInt 30*
BtoM at pir f WM «MmiiS>tangx2*QOlx13ll'Ul9i 90011 tomeMr untaio oftnoioo noM.

ThtiMiMiiripoicirtkpjHuiodlBo^oorfbiMiindoriookifVbioodOMvwMdHiJlctfoiioithiMnvMMH^^ IMoiMMOBniMiiolcMdinoyotiflKtM
by ttm ol yw «d MM addid dumg Do drttog pmHt. I «)•» IM^O nftofcd «v^«MiMMnriludu«ionif4MdqtMdioisa«nlionwMntht
boring «• atan. I TI» MMcatioii fnw npnoM IN apononM bounoMM OOIMM aoi typK IN Mug nn«im in^ bo gndual I



146 Wone«f Or.
Isominstsr. MA 01453
(617) 84*0391

SOIL EXPLORATION CORPORATION
Qeotechnical Drilling and Groundwater Monitor Weils

23 Ingalls S«.
Nashua. NH 03060

(603) 6*2-3601

Qieni OLIN CORPORATION 0*10/23/87 job No. 87-844
Location OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

S""0 B~4 US'™1 St 10/19/87 CwU» 10/19/87 fcrmn SE™°UR 8JJJ* J 'P l

T
H

5

10

1,1

20_

25_

30_

35.

40

SsmstoOets
SerniM

Na

Ri

O^xn(tL)

t

n *1 29'0"-
30 '0"-
31 '0"-

BkM
6 Pwetnoon

.

30 '0" 13 m
31-0" 28
32 '0" 45

net
Inchei

.n./
•I
i>

Caiing
BKM?
Pwfi

00 1

Sod major Mdrock (tmrn dettrtpttora
SWt

CJunot
0*901

-

15 '0"

1

29 '0"

32 '0"

VIM* ld«*fcttion of Soil traitor Rock Stnu

NOTE : No split-spoon samples required

Soil description made from auger.

Medium dense, dry to wet, fin* to medium
SAND, trace coarse sand and fine gravel,
trace inorganic silt I

Very dense, wet. coarse GRAVEL, cobbles
and boulders, som* fine to coarse sand,
and inorganic silt.

CORED ROCK from 29'0" - 32.' 0"

Water level ac 10' 1" upon completion

** Recovered 0" - OZ
Few fractures- no voids.
No loss of water.

nP>W (1 VOnMI CMlRQ SBK nOMOW SlOT AUOV SH« "X v

TrseeQtoW*

And 40050%

GaMkY 9es> (Woev per ft.) Coneetie Semi Atoev per ft)
0 to 4 Very LOOM 30tt»0w*» Oto2 Very Sot ItotSSal
4 to 10 LOOM Over SO Very OenM 2to4Sot i5to»V»rySttf
tttaaOMerJumDenet 4tolMedunSW Owr»H«rt

SmndM ptmraioe t*« (SPI) • MOI rummer tafng 30*

ThttoriMindpireirBWMuMdtodMaitaKliftforrockirebt^
tytmd year ind «*torackM (faring to 411̂  proem INM*^^
bimg «•• W«A • n» sMHcsten few repreiem M ar^rox^



146 Ptoneer Or.
Uommstsr, MA 01453
(817) S44VOM1

SOIL EXPLORATION
Qeotechnical Drilling and Groundwater Monitor Weils

Nashua. NH 03060
(603) 882-3601

Ota* OLIN CORPORATION On* 10/23/87 Job No. 87-844
Uxaion OLIN CHEMICAL. EAMES STREET. WILMINGTON, MA

ST° B-5 ft* & W/19/87 SU. 10/20/87 %& *™°™ ^S^ J.P.

ip
T
H

5

H)

20

2S_

30_

35 _

40

Sim
Smoit

Na

R<

D^di(lL)

•

n 11 24'0"-
25 ' 0"-
26 ' 0"-
27 ' 0"-
28 'O*1-

M»(Mi

BkMi
A* ^n^rrfirmo rvmraoon

25 '0"
26 '0"
27'0H

2tt'0H

29 '0"

R«c
Inrtm

^•ng
nirmimBHH^P

SOB MwOf DMrocfc ttWi dMCrtpttont
SMbw

15 '0"

24 '0"

1

29 '0"

Vat* ktettfiofcon <t Set andtor flock Sinta

NOTE : No spile-spoon samples required

Soil description nude from auger.

Medium dense, dry Co wet. fine to medium
SAND, trace coarse sand, and fine
gravel, trace Inorganic silt.

Very dense, vet. coarse GRAVEL,
cobbles and boulders, some fine to
coarsa sand, and inorganic silt.

Refusal with hollow-stem auger and
roller bit at 24 '0"
CORED ROCK from 24 '0" to 29 '0"
Recovered 6" - 10Z Loss of water.
Very irregular core time, many seams am
voids. Cored boulders and cobbles.

End of boring at 29 "0" ,
Water level at 9' 8" upon completion

i

t

1
lyssetlsitaf CMJngStaK HOSM SM tog* Star 31

*ttOto«*
Saw JOB 40%
Art 401050%

QiwiriB Sate MOM pv t4
0»4V*ytooM 30lo900mt
4I»10LOOM OMrSOVhiyOviN
lOtoaOIMMOim

1

CotaslM Sdi (btoem per f.)
OtolVvrSot. IttttSBfl
204 Sol 15»30VHrySWI
4ttlMe*jnSafl Ow3DHart

Smndsri psnsntafi tisMSPT) . l^hmnvMngav
BtoM M p«r r Win Mm w 1T tong x r OJL x 1 3)T Ltt *• VOON HMptor untow ottMnmt noad.

T^i«i»in<ptici»<MMu^t8aMc^rt«>dcriodi)MbtM<oni(iiuMidii<lirtBB
b»ttMcTyi»ind«B»iddrtduring^<ninqpBcmi^iiw*indfc^
boiingm WM> 8 Tin ••fatal tan npwrt tit ippicnMli boundrai bMMM nl ij^A M toul tiMHcni my tw grtduM. I



Sheet of

146 Pionear Or
Leommster, MA 01453
(617) 840-0381

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalls St.
Nashua. NH 03060

(603) 882-3601

Owrt OLIN CORPORATION DM 10/23/87 JoONo, 87-844
Location OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

80MNQ » A Grtund Oa» io /20/«7 D** 10/21/87 Of*°9 SEYMOUR EngTHydrot. j .p.
Na B~6 Eta* San l0/^0'87 con*** lo 'z l /H7 Fwwnin (Mo?*

i

T
H

15

20.

25_

30.

38.

40

San^MOeti
Sunpl*

Na
1

2

3

4

5

^

7

g

Otptnin.)
O'O"- 1 "6"

4'0"- 5 '6"

9'0"- 10 '6"

14'0"- 15' 6"

19'0"-19' 10"

24 '0"- 25'1"

29 '0"- 30 '2"

32 '0H- 32 '0"

Well Mar.rJ
1 - 2" F
1 - 10'x
1 - 20'x
1 - 2" P

otows
S'PwMtntion

2-2-4

6-5-10

8-6-7

4-4-6

42-80/4"- 100/

45-35-100/1"

21-39-80/2"

100/0"

.let
'C end plug
2" PVC sere
2" PVC rl»»

rC slip cap

Ret
IncNM

'•

n

Casing

Pwlt

Son ine>or bedrock Hnta dewHpttofw
Strato

17 '6"

1

32 '0"

37 '0"

V«ua) kUntificaiion at Soil andtor Rock Strati

Medium dens*, dry to v*t, fin* co
medium SAND, trace coarae sand, fin*
gravel and inorganic silt.

Very dense, vet, coarse GRAVEL,
cobbles and boulders, some fine to
coarse sand, and inorganic silt.

Refusal with hollow-stem auger, carbide
roller bit and spoon at 32 '0"
CORED ROCK from 32 '0" - 37 '0".
Recovered 8" • 13.31
Irregular core times. Many seams & void
Loss of drill water. Cored cobbles & boulc
End of boring at 37 "0"
Set well point at 28 '0"
Water table at IQ'O" upon completion.

lypsollMtaf CisngSas: Hate Sim AuowSix 3l

Sow 10 to 40*
And 40 to 8*

GoMflsrSoiafMoMperlt)

4 to 10 LOOM Over SO Vlvy OMM
OtoJNfcySci IB 13$*
2to4Sot iStoSOVmySW
4tollMunSW OwrttHari

tM(SPT) • W0#hawin» IWngSO*
an «m an «' long x f Ott » 1 SW 10, ipfl «xm ampler irim eftenriw noM.

TfeimandpittsnisgiiuiidioosKribtipi^
by §fln of year and twmr added during ft* dnsiiQ pfDOM. I WMir (CMS) ndtesM msy wy wti Masons) lucluetion and tit dtpjiie of tot saturation when tht
taring »ei aam. • Ttm iwifcatai lna> noraemt mt ippngnMi oounoanei bimin loi typ»n tt» idus) tansMom may as gadual •



i4« pioneer DT SOIL EXPLORATION CORPORATION 23 ing^ st
(̂ SJaii Geotechnteal Drilling and Groundwater Monitor Weils (SSs) 862°3«o!

0*« OLIN CORPORATION Da*0/23/87 JoftNa 87-844
Uestion OLIN CHEMICAL, EAMES STREET. WILMINGTON. MA

BOftNQ . 7 Grand
Ma B ' BK

a
u
ia

-t-x

5

10 _

18

20

25_

39.

38

40 _

SIM
Sainpto

Ma

1

2

3

4

5

6
Rui

Oep*(lt)

O'O"- I '6"

4 '6"- 6'0"

9' 6"- 11 '0"

14'0"- 15'6"

19 '0"- 20' 6"

23 '0"- 23 '0"
#1 23 ' 0"-

24 ' 0"-
23'0M-
26 ' 0"-
27 'O"-

n«i. f^^*
U*ilft/01 /B7 ^** lft/11 /O1
SUrt ' ' COMlMr

NtOM

6'PwMMim

7-8-8

6-7-6

4-4-6

31-22-24

46-57-39

100/0"
24*0" 12 a:
23 fO" 10
26 '0" 13
27 '0" 12
28/0" 15

IVeeetMm CwgSte

hniiitfim feii IMIII,

Saw 10 to 40%
And 40 to90%

Rec.
Inchw

n./
H

II

tl

s?

00 C

Onlnj EngJHydrotj.p
Fonmen H.Z. Gtotogni

Sen en«or Mraek m* OMcrtattem

fir

13 '0"

23'0H

28 '0"

Vat* UMMcstion ol Sol wdtor Rock Stna

Mediua dense, dry co wee, fine co
aediua SAND, trace coarse sand, fine
gravel and Inorganic silc.

Very dense, wee, coarse GRAVEL, cobbles
and boulders, soae fine co coarse
sand and inorganic silc.

Refusal with hollow-scea auger, carbide
roller bic and spoon ac 23 '0"
CORED ROCK froa 23 'O1'- 28rO"
Recovered 26" • 43.3Z i
Few seaaa, no voids. No loss of vacer.

End of boring ac 28 '0"
Vacer level ac 9' 10" upon coaplecion

i
HosMSMAHavSte: 3ft

Ott4V»rytoois 30to»0*nn
4 to to LOOM OMrMVbyOsM

C^Mta SOU (btoe* per ft.)
OloaVerySot IttlSSM
2 04 Sol IS to 30 Very SM
4M6Me*MSol OwSOHem

Sttndsjtf pensnnn M (SW) • MOf hsaav MMJ 3S* :

Stan m per r flan M«I M IT tong x r Qtt x 1 3T Ltt •« S»M smplv untoei ottennM noM.

ThtanwindpeicwaQMUMdtodMcrMMiindQf focknbsisdonwsuslKlMiicsHnoivMisnSMssMBtMi • UoisuvconantndKSM'nty bviftoctcd
W* Î .A ^ t̂ h *̂ «.̂  t̂ ^^^ *^^^A jfe«^M* ̂ ^fe ^WM^̂ . ̂ ^^^^ .̂ M k^^^^~ f̂e^^B ̂ M^̂ ^Ml fl̂ ^ ^MM ̂ fllfe ̂ ^^ îM r̂f krî Mifa^ ^^^ 1^^ Ĵ HM^̂  J^ ̂ «tal M f̂eî MtM. • • " kit*By BBS ci yesr ens MBT SBDM ounnf iw anno; pnosav • near •(*• IHICBVQ niBf iwy IMI HBĤ  WEHBOH eviw oiyM am sawivon vnvn ux



144 Ptoneec Of.
=S LeominsiMi MA 01453

(«17) S40-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 ingalls St.
Nashua. NH 03060

(603) 882-3601

0*4 OLIN CORPORATION Owio/23/87 J*Nex 87-84^
UxttM OLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

So""08-8 ST* IS 10/22/87 gU 10/22/87 £&, SEWOUR S2JJ-* J .P .

ip
H

5

H)

15

20 _.

a.

30_

35

40

SM^IttMi
Samott

Na

I

2

3

4

5
KU1

0*pfl(1.)

O'O"- i '6"

4'0"- 5 '6"

9'0"- 10' 6"

14 '0"- 14 '8"

18'6"- 18'6"
1 1 1 O 1 L. Mf I lo O *

19 ' 6"-
20 ' 6"-
21 '6"-
22 '6"-

. BIOM.
6* Ptottnoon

4-5-3

8-4-5

28-31-44

22-80/2"- 100/C

120/0"
1 A 1 £l| 1 •> _i70 I z n
20' 6" 12
21' 6" 10
22*6" 12
23*6" 11

.

Rw.
ncftn

<

— /p. f
H

11

M

It

Cuing
Bum
Pwt

pq£

SoUmd
Snu

Chinat
0«(*

8 '6"

18' 6"

23 '6"

i

fer btdrocfc ttna dMcripttom

Visuil W«*ficaiion of Soil andtor Rock Strata

Medium dense, dry to noise, fine to
medium SAND, trace coarse sand, fine
gravel and inorganic silc.

Very dense, wet, coarse GRAVEL, cobbles
and boulders, some fine Co coarse
sand and inorganic silc.

Refusal wlch hollow scam auger, carbide
roller bit, and spoon ac 18*6".
CORED ROCK from 18 '6" - 23 '6".
Recovered 20" » 33. 3Z
Few seams. No voids.
No loss of water.

End of boring ac 23 '6"
Wacer level ac 9' 10" upon complecion

iyp»*torin« CwngSte Hoto» Stan Augv Sac 3i

IteiOtoim
Some 10 ID 40%
And 40 1850%

QjMesr test (Uow pert.)
0»4VtoyLoost 30toSOOeme
4 to tt LOOM OwrSOYtoyDenw
K)030M«tumO«iM

BtoM M per 1* B*en w*

Oto2VhryS<* ItolSSM
2»4Sc* IStoaoVtoySM
4tolM*ftjmSM OwrgHari

71) • MMhmmrMingtt'
i mirieng x 2* OJt x 1 *T Ltt q* tpoan wnptarrtM oMrMt nowd

TMiHiniindpiicifMOMuitdtodMBteHiindtf nckMbsiedoiiwstf Mlefltfcstionot0)e>BkisMdisn(lis, IVIomuraconivtindicMdfniybciflKttd
bytaofyw«tfMiva<ttMduhngto<»*qpKxmlttMvtoMtain^^
bonng «• titan. • Tta mtfotai Km nprwtrt tttt «pmruft boundthv b««Mn iol typ« te «eM ftniitom OMy bt gnduri. •



U^^- ^k 3

nai« Decsr.ijsr
(-^

Fixed Datum used is

Ground Surface this

CONTROL CO., INC.
7 EDGEWATER PLACE

EAST NORWALK. CT 0685S

2« HOUR SERVICt

POLLUTION COHTROl SUPPLIES 4 SERVICE

4th, 1930

lin Jom. ..-ill-v^-ton, "ass.

hnrinrj i«

LJ !••«.•. . .~. _. .. _

D NEW LONDON. CT.
Q N6WABK. N J.
D PHILADELPHIA. PA.

Pagt , _ of

Inh Mn

Pnring No 10

2

2

2

DEPTH

F'om

0'

I'o"

TO

1'6"

C L A S S ! Fl C A T I ON
Bt C»'«'ul *nd Accurate

Lrovm sand fi:ir> to
.•ncdiu.a grade

i^fusal (i"ossi::lc :'et

-

-

CASING
BLOWS

0-27 28-5*

il)

SAMPLE

NO.
0«0th

No. ol 30" glows on Sooon

1si6" 2ndr 3rdO- 4lh6'

Recovery

in.

Lost
o

Be"v

Ground Surface to

Water level is

Water level is

.ft. used

. ft. below Ground surface.

. ft. below Ground surface .

.casing.

hrs. after completion

hrs. alter completion

Driller

Helper

D.

G. Hirchard,

Rig. No. 21

Boring stopped by



TT^

'Jo,--:

Address

3H NEW ENGLAND POLLUTION
|̂ CONTROL CO., INC.

V^ 7 EOGEWATER PLACE
EAST NORWALK. CT 06855

24 HOUH SERVICE
wuimo* cwTwn. jumiu i SEWICC

.̂• .̂- ,it'i. mn
Olin COL' - ; . - 1 Lll:"i^^-o;i , ;'a3:-"..

D
a
a
a
a

EAST NCP-VMLK. CT 2C3 ?;:•":

NEW HAVEN. CT 2C3 '*•-::

NEW LONDON. CT 203 -»-«3-i.

NEWARK. N J. 201 J33-1 ;

PHILADELPHIA. PA 2i5- :63-?-

P*q* «»

Job No

Bormq No

id Surface this borirto is ...

DEPTH

fran

O 1

1'5'

T«

L ' G "

CL ASSI Fl CAT 1 ON
8« C»'«'u' *nd Accurate

Uro'vn sand

?v=f,isal
(rosbici3 i'.G'-al;

-

•.

-

CASING
SLOWS

0-27 28-5*

SAMPLE

NO.
0*pth

No. at

1st6"

*

30" Bio** oo Sooorjpecoverv

2nd6' 3rd8'
i

ithfi'll In

«

«

II

il

H

Lo»t *atef •
or

Ae^Mrki

Ground Surface to.

Water level is

Water tevel is

.It. used

. It. below Ground surface .

.It. below Ground surface .

.casing. Driller _

hrs. after completion Helper _

hrs. after completion Rig. No.,

Boring stopped by



new
CONTROL CO., INC.

° NEWHAVEN CTa NEW LONDON. CT§
zo:i 7rr

201-443-

:» HOUR StRVICt
POLLUTION COKTROI JUrn.lt! I SERVICE

Dec. 4, L9SO
Page of

Job Address. Co
Job No.

Boring N

Fixed Datum used is

Ground Surface this boring is .

DEPTH

F'Om

O f

3'

10'

^

To

3'

10'

11'

C L A S S ! F l C A T I O N
Be Careful and Accurate

Light bro'./n sand f ine

to medium grada

Licht bro-.'-n sar.d fir.-o
to :r;Gd i u;a grad3

?.cf J3al

-

-

CASING
BLOWS

0-27 28-5

SAMPLE

No.
Depth

No. Of 30" Blows on Sooon

1SI6"

•

|

2nd6' 3'd6' 4th «•

fl*COv*ry

in.

I

II

1

1

1

1

1
1

lov «»l»t •
<y

Remark!

,

Ground Surface to

Water level is

Water level is

.ft. used.

. ft. below Ground surface

. ft. below Ground surface

.casing. Driller

hrs. a/ter completion Helper

hrs. after completion Rig. No..

D. Florentine

G. Birchard, J.

21

Boring stoppc-d by



Job

"TUB NEW ENGLAND POLLUTION
/\fSI CONTROL CO., INC.
^' ^M 7 EDGEWATER PLACE

EAST NORWALK. CT 06855

21 HOUR SERVICE

POLLUTION CONTROL SUPPLIES I SERY1CC

^ ..^ ,,,.,, 1CV?0

Datum iitcrf '5

id Surface this boring is ^

D
a
a
D
a

EAST NCfiWALK. CT 2Q3.B52- 1 - .
NEW HAVEN. CT 203/"77:.^-.
NEW LONDON. CT. 2C3/.»43-i-
NEWARK. NJ. 201/589-'
PHILAOEUPHIA. PA. 215/552-3.

Page of

Job No
<-

Boring No

DEPTH

from

0'

a '

3 1

10'

To

4 (

3 '
L J '

10 ' o

PI A S S I F I C A T I ON
6t C3r«'ul and Accurate

2ro-.vn sand, heavily

stainsci by Product

2ro'.'n sand
2ro*.»:i sand snail

'-O'.ilders

1 P.efusal

.

.

CASING
BLOWS

0-27 J8-5*

SAMPLE

No.
0«p«h

No. o< 30" e'o** on Sooo"

IstS" 2ndS-

»

3rd6' 4th 6'

Recovery

in.

LOJI Viaier •
or

P«mtrkS

1

»

Ground Surface to

Waler level is

Water level is

.ft. used

. ft. below Ground surface

. ft. below Ground surface

.casing. Driller

hrs. after completion Helper

hrs. after completion Rig. No..

D. Florentine

G. Birchard, J. ::,->•:

21

Boring stopped by



NbW cnv9bMnw i whtaw •••««•«
CONTROL CO., INC.

7 EDGEWATER PLACE
EAST NORWALK. CT 0685S

24 HOUR SERVICE
POLLUTION CONTROL SUPPLIES ft SERVICE

D
a
a
a

NEW HAVEN. CT
NEW LONDON. CT.
NEWARK. N J.
PHILADELPHIA. PA.

201.589

Date

Job

3rd, 1900 loh Nn

Chemical •' i. Inunction , '.'.aas. Boring No.

Fixed Datum used is

Ground Surface this boring is .

OECTH

from

U 1

I'.V

i-r

TO

10'

14'

14 '6

C L A S S I Fl C A T 1 ON
B« C»'t»ul and Accurate

rine 3rown Sand

7ir.2 3ro'-.n ijanG
.".eai-.Ti Do'iluers

1 L<'.jfusal

*

-

•

CASING
BLOWS

0-27 28-6«

SAMPLE

NO.
0«0th

No. of 30" B'o*a on Sooon

lst«'

1

2nd«' 3rd 6' 4tr>6'

Recovery

in

Lost wiie» •
or

PerrvlfH

1

Ground Surface to.

Water level is

Water level is

.ft. used.

. (t. below Ground surface

. It. below Ground surface

.casing. Driller

hr$. after completion Helper

hrs. after completion Rig. No..

D. Florentine

G.Birchard, J.

Boring stopped by



Oats

A^fl|

3 Gc^ near

iddres* . '- ̂  l

Datum used is

id Surface this

NEW ENGLAND POLLUTION
CONTROL CO., INC.

7 EDGEWATER PLACE
EAST NORWALK. CT OfcSSS

:» HOUR stirncc
POLLUTION COKTROL SUmiU 4 StUVICI

3rd, 19CO

n Chemical '/i liiinr;ton ,

f)0rinn i« ._ . _.

": U

D
a
a
a

::«•*•:.

tA3i NU"««U^. w.

NEW HAVEN CT

NEW LONDON. CT.

NEWAPK. N J."

PHILADELPHIA. PA.

Pag« n»

Job No

Boring No -

,.«.,. „.„ ...»

203/77?. ::;9
203/443- <usi

201/589-1232

215/JW-9490

DEPTH

Fran

0'

3'

To

3'

'-6'

C L A S S I F I C A T I ON
B« C»rtful and Accuriu

Zro'.-m Sand

Refusal

CASING
BLOWS

r>27 28-64

SAMPLE

No.
0*Pth

NO. 0>

1»i6"

30" Stows on Sooon

2nd 6'

1

3rd«-

•

<th8'

flftCOvery

In.

l.o»i «atcr •
or

«e"v»tk»

.

Ground Surface lo

Water level is

Waler level is

.ft. used.

. It. below Ground surface

.ft. below Ground surface

.casing. Driller

hrs. alter completion Helper

hrs. after completion Rig. No..

Fiorqn t i i io
C.Qr ichard , J. 2v

21

Boring stopped by



CONTROL CO., INC.
7 EDGEWATER PLACE

EAST NORWAIK. CT 06155

24 HOUR SERVICE
POUUT10M CONTROL SUPPLIES I SERVICE

D NEW LONDON. CT.
Q NEWARK. NO.

D PHILADELPHIA. PA.

203/443-
201/589- ,
21S/J63-94

Date ?ce;nber 4 th , 1030 Job NO.

Boring No ..

Fixed Datum used is

Ground Surface this boring u .

DEPTH

F»om

0'

10'

12 f 6 '

To

10'

12'G

C L A S S ! F ! C A f l ON
B« C*'«'ul and Accurat*

r ine Median 3ro^Ti 3 an
1 rir.cj i'ediiiin Dro'/n
Sand Snail t.o l iediujn
Boalders

?ef asal

CASING 1 SAMp,«
BLOWS 1 5AMP«

0-27 28-54

i

NO.
0«Pth

No. of 30" 8'o**» on Sexxsn

UiS' 2nd 8'

*

3rd«' 4thS

fl«COv«rv

in.

Lost fitter •
or

n«">Jrhl

Ground Surface to.

Water level is

Water lev«l is

.(t. used.

. ft. below Ground surface

. ft. below Ground surface

.casing. Driller.

hrs. after completion Helper

hrs. after completion Rig. No..

D. Florentine*

G. B i r cha rd , v.

21

Boring stopped by



Or
iS5 Ltommsttr MA 01*53

(017) 8404391

SOIL EXPLORATION CORPORATION
Ntsftui NH 03060

Geotechnicai Drilling and Groundwattr Monitor Wells (903) M?.3«oi

3m OLIN CHEMICAL OM 12/18/87 Joe Na 37-891
ioc*on CLIN CHEMICAL, EAMES STREET, WILMINGTON, MA
80«HOTv«#4
NO. 0|"SUrt

«* *"«

NO. o««(ft in.)
P«t

IflCftN ?OHM
P«d.

Sim
Oungi Vteul WwMewton at So^ andfer Reck Strut

NOTE : NX CORE from O'O" Co 50 '0"
CORED -CROOT from O'O" co 21'0"
CORED BEDROCX from 21 '0" to 50 '0".
Rua II O'O"- 5'0"
Recovery 18"/60" • 301

10

3'0 Rua 0'5"- 10' 0"
60"/60ft • 100*

10 '0" Rua n 10' 0"- 13' 0"
Rccowry 60"/60" • 100J

20.

13'0" Rua 14 13 '0H- 20*0"
Recovery 60"/60" • IOOX

20 '0 KeavtifT 12"7l2* • LQQ^

25

21 '0" Rua 16 21 '0"- 23 '0
r* L8!!/24" • 73X

23 '0"
24 '0

Rua *8 24 '0"- 28 '0M

Raeovcry 4S"/48" • 100Z

28 '0 Run n 28 '0"- 32 '0"
30M/48M - 62. 3X

15

32 fO Rua 110 32 '0"- 35 '0"
Ucov.ry 36H/36N - 1 001

35-0 Rua #11 33 "0"- 37 '0

40.

37 F0 Rua #12 3 7 Q " 40'0"
Ueorcrr 36"/36" - 1001

4' 0"

Cor*

Som«
And 40 to 90% Ow30HvO

M p«r •'
M (VT) • MOi

* r oa * i aria

borinq WM tuw. • T* IMI npnam dM
>io r̂»aHBlMB
** * 9™** -•



OLIH CHEMCIAL 0« 12/18/87 joONt 87-891
,x*»* QLIN CHEMICAL.
IOMNO Type 14 <j«ym"~~
NO. BEDROCK 1

EAMES STREET, WILMINGTON, MA
Ow
SWt n/io/a?U/30/87 Ol* a uP.N. „

D.C.
Sod w*v

Na
fee

IfldNO
SMi

VhuK UMfctfen ol 3d flock SM

Run II3 40 '0"- 43 '0"
R«cev«ry 34H/36" • 94.1

45

43'0 Run 114 43' 0?- 48' 0"
Recovery 48M/60W • 801

50

48 ' 0
100X

Run 115 48'0"- 50'0"
Recovery 24H/24tt

End of boriaf «
No trater encountered upon completion

NOTE : ROC* CORIHG wee performed '
starting 12/14/87 to 12/17/87. '

AIR ROTARY was performed on 11/30/87
aad; '
1. 12" Roller bit to 18' ia toil

2. 12" Roller bit 18* to 21' in bedrock,

3. Set 8" Caains to 21' -
drive caaiag with header to refueel.

4. Grouted inaide end outaide of 8" \
caaiag to aurfaee. i
80S Portland cement
20X Bentonite pelleta ,

55

60

65

70

75

80

50 »

lyetefMrttf 8" NX Cor*

S«nt 10104m
V* 401050%

IIMStf
OMT30HM

101 yMT MdMMf MOM WnflJ QM drfMf pnCHfc •
m> man. • Tie «r«ifceion hop iniiim tie e«j

by MM ol yter IM



GEOLOGICAL LOG OF DRILL. HOLE

/Kl
/A \ \ MLLERENGUMEEHNG.IM3.

TYPE »

SIZE OP
HOLE

— E

COM!

NECOV

BRY »

ELEVA-
TION

8 cone LOSS

CORE RECOVERY

DEPTH

-^

!9'-7" I

-\

~

LOO

/

BBB*B»

PROJECT: OLIN CHEMICAL SORINO kO. B-l LOCATION See Plan

Willing con. HA SURF

PROJECT NO. fiflT>J.fll •nniw^ <7<7 filler Er]

ACE ELEV.

e'rino &

DATE START' ,6^1B /B6 nniLLma FOREUAM T. Co.ulka TOTAL ncp-ru 12 '-4"

nATC CKln- £ / l D / a £ UVM-V BeBABveuT ATiua U. Child* U^A-VEB ncB-ru 6.21

SAMPLES CLASSIFICATION AND
FOR

TISTINO PHYSICAL CONDITION OP ROCK

/

REMARKS:

Bun 11: 27'-4" to 29'-7"

Dark grey-green f lne~grained granodiorite. moder-
ately fractured.

Rec: 2 t-3'V2'-3" 100X RQD 4"/21-3" 151

Run 12: 29'-7" to 32'-4M

Sane as run 11, with less fracturing.

Rec: 2'-9"/2'-9" 1001 RQO 27"/33" 82Z

' ; ,
Teninated at 32-4" in bedrock.

DRILLIMO

U-

7-10

•in/foot

7-12

• In/foot

•EHAVOIR

..,.,

No change
io coloi

sooie
loss

No
change
in
color

NOTES:

SHEETl-OF -1—



c

^fj MLLEflBNJGWffi«NG.INC

TYM t

•izi or
HOLI

— ̂

-^

com
HKCOV

•MY »

•LIVA-
TIQN

8 CORK LOSS

CORE R E C O V E R Y

OIPTH

26'-2'l^

2B'-0M-

30 '-9"-

33*-9"~

35 '-9" I
=

37 '-9M -

_^

toa

X

PROJECT: OLIM CHEMICAL SORING MO. B_3 LOCATION See Plan
Utlaincton. HA «iia«

PROJECT NO. 6nvM m to^^N<i co Hlllec Ei

ACI IHV.

i f f ' r l n v &

DATE STAqy- 6/23/86 , nmi i ma FOHEUAU T. Co«ilk- T«T». «.TU 37'-9"

DATE END: ,. 6/24/§6 MUT ••PRtSBMTATiVB U. Chllds W A T C D QEPTM ''-3"

• AMPLK* CLASSIFICATION AND
•QH

PMV*ICAL CONDITION OP ROCK

^

REMARKS:

HUB fl 26'-2" to 2B'-0" Boulder

Dark gr«y, Una-grained granodlorice.

fcEC: 8"/22" 36Z RQD A"/8" SOX

Run 12 30'-9" to 33'-9"

Dark grey-green, fine-grained granodlorice highly
fractured.

REC 26"/36" 721 RQD l5"/26" 58Z

Run 13 33'-9" to 35'-9"
Save aa Run 12, less fractured.
REC 20"/2A" 831 RQD 15"/20" 75Z

Run 14 35 •-9" to 37' -9"
Saae a* Run 12, lea* fractured.
REC 22"/24H 92Z RQD 15"/22" 68Z

Terminated at 37 '-9" In bedrock.

DRILLINO

lead

9
•In/foot

9-1 1
• in/foot

10-12
•In/foot

10-12
•In/foot

•KHAVOIR

mutmi

No
change

In
color

No
change

In
color

No
change

In color

No
change

In color

NOTES:

Run tl : Boulder noc
counted as part of 5'
core.

Sand lense
32'-U" co 33"-9"

SHEETJ-OF -L_



GEOLOGICAL LOG OF DRILL .HOLE PROJECT: OtIM CHEMICAL SOHINa HO. B-7D LOCATIQM See Plan
Ullainnton. MA ailRPACI CLKV.

/Y\ PROJECT NO- ftnill Al mnm.^a r- n M i l l e r Eni ' r ino (. IVsr «^_, . „..„„„ 42 '-7"

/A 1 1 MLLStENGlNEERNG. NC.
r̂ *"

TVP« A

•UK 0^
HOLM

^

com
NBCOV

sav »
•LIVA-
' TION

8 CORE LOSS

CORE R E C O V E R Y

DEPTH

-^

U'-li-I
45 '-6" -

47'-7" ~

JO'-T"^

—

LOO

/

DATE START' 7/V86 DMiLLMa roneUAM T. Coiulka TOTAL n..TU 50' -7"

- - n ATP PWO* 1 1\ Ikft U«AT av0aCSEMTATlVB U. Childs IMATEB n?»Tu 9*

• AMPLE* CtA»»»PlCATIOM AND
von

T-.T/Kfl PHYSICAL CONDITION OP HOCK
I W J Miw

7

REMARKS:

Bun 11 42'-7" co ««'-H"

Dark (ray-green, fine-grained, highly fractured
granodlorite.

REC 18"/28" 64Z EQO 4"/16" 22Z

Bun 12 U'-ll" to A5'-6"

\

Dark grey-green, t Ine-gralnad highly fractured
granodlorlte
REC 5"/7" 711 RQD 4"/S" 801

\

Run 13 45'-6" to *7'-7"
dark grey-green, fine-grained, lea* fractured
granodlorlte.
REC 2l"/25" 84Z IQD 4"/2l" 191
Run 14 47 '-7" to SO1-?"
Dark grey-green, fine-grained, less fractured
granodlorlte.

"\ EEC 35"/36" 97X RQO 22"/35" 63Z

ORILLINO

U*4

12-16
•in/foot

15
•in/foot

14-17
•in/foot

12
•in/foot

•EHAVOIR

water

No
recovery

No
recovery

No
recovery

Ho
recovery

NOTES:

(1) First attempt 36'-9" Co
38" boulder, not Inclu-
ded in 5' core.

SHEET-LOF -i—



GEOLOGICAL LOG OF DRILL .HOLE

/A
XJll MLLERB^GINEEFaNG.rC.

TVM 4
SIZE of

NOLI

— ̂

f-"-1

com
••COV

•MV *

•LIVA-
TIOM

8 CORK LOS*

COHB RECOVERY

DKPTH

27 •-2"—

Z8'-5H~

a2'-2"lZ

— ̂

toa

•••••

PROJECT: OLIM CHEM|CAL SONINa MO. B-8 LOCATION See Plan

WllBlncton. HA «u«p

PROJECT NO. f,ni?1 HI BOQIMA ro Mill-r En

ACI ILKV.

DATp 3TART- 7/15/86 DUILLINQ POMUAM T. Co«ulk. TOTA^ «.T- 32'-2"

DATE END* 7/21/86 ue&T RCpncacMTATiwc u- Child* WATER DB»TU 32"

•AMPLt* CLA»»IPICATIOM AND

THTMa rMYSICAL CONDITION Of HOCK

REMARKS:

Run 11 27 '-2" to 2B'-5"

Dark gr«y-gre«n, f loa-gcaln«d granodlorlt* with
quarcz v«ln>, llttl* fracturing.

UC U"/15M 931 RQO IA"/U" 1001

tun 12 2e'-5" to 32 '-2"

Dark gr«y-green, f Ina-gralnad granodloclte with
quarts veins, llttla fracturing.

tEC AO"/«5" 89Z RQD 31 "/40" 78X

' 'lanlnatad at 32 '-2".

DMILLINO

(••4

36
iln/foot

12-15
iln/foot

•KHAVOIM

«•!•/

Good
recovery
no change
In color

Good
recovery

No
change li
color

NOTES:

(1) Very dull coring bit
accounts for very slow
feed.

-

SHEETi-OF-!—



^sjsi :4fl Pioneer Or.
S^S Leommster MA OU53

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 ingans Si
Nasnua, NH 03060

(603) 882-3601

::;•« OLIS CHEMICAL Out 12/18/87 JQO HO. 87-891
cxaiion GLEN CHEMICAL, EAMES STREET. WILMINGTON, MA

80BINC Type M Ground Oat* n/30/87 OMI 17 /1 7/«7 Oflllin9 P.N. EngjHyaroi 0 cNO. 3EDR6CK Bi* Start tl'JUM" Compiew 1 2 / »- / / 8 / Rirtman c Gtoky^s LllC"

O
llfa

.fr- T
L

10

'5

25.

30_

35 _

40_

Samp)* Otta

Samow
No. Otpth (ft.)

•

Slows
6" Penetration

•

R»c
nchcs

Casing
BkMi
Ptrlt.

So« »nd/of bedrock itntt description*

Slnia
Oiinot
Oep*

5'0"

10 '0"

15'0"

20 -0"

21'0"

23 '0"
24 '0"

28 '0"

32 '0"

35*0"

37 '0"

40 '0"

Visual idtntifcation ol SoH andtor Rocx Strata

NOTE : NX CORE from - O ' O " co 50 '0"
CORED TJROUT from O 'O" co 21 '0"
CORED BEDROCK from 21 '0" to 50 '0"
Run tl O 'O"- 5'0"
R«cov«ry 18"/60" - 30:

Run *2 0'5"- 10 '0"
R«cov«ry 60"/60" - 1001

Run 13 10 'O'1- 15 '0"
R«jcovt,ry 60"/60" • 100X

Run #4 15*0"- 20 '0"
Rtcov«ry 60"/60" • IOOX

K^irv^l^-712*1 S! 1001
Run 16 21 '0M- 23 '0"
R.coY«rv |8"/24" .« 751
K»nJZ~"i9«7i2*'1 a mot

Run 18 24' 0"- 28' 0"
Rtcov«ry 48"/48" - IOOX

Run #9 28 '0"- 32 '0"
Racovtry 30"/48" - 62.51

Run 110 32 '0M- 35'0"
Rtcov.ry 36"/36" - IOOX

Run #11 35 'O11- 37 '0"
R.covarv 18"/24" • 7 SI
Run 112 37 'O11- 40'0"
Racov.ry 36"/36" - 100X

IVptot Swing dung S* 8" .MX Cor«

Bmnnrllnn •Mriiriinii

Tract 0 lo 10%
Somt 10 to 40*
And 40 to 50%

Qmul»Sol«(blOMp«n.) CohMht Seta (btom p« n.)
0 to 4 S%ry LOOM 30to50D«iM Oto2VrySo«l SMtSSW
4 to 10 LOOM OwSOViryOMM 2 to 4 So* 15 B X Vny Stilf
)0 B M Mtdkiffl Dm* 4 to 8 Mtdhim SMI Ovtr 30 Him

Stmted pwwntion t« (SPT) • 140* hanvmr ding 30*
Blows «• pw 6* taktn wMi MI ir 1009 » 2' ad x 1 3/T l.tt «* spoon MrnpUr untoa otfMnm* notM.

Th« t»mw iro pwttrugM uwd to dMcnb* soil and or rock art Bastd a
tty wnt of ytv and MMT addM during tt* dnNng proem • Vfcur MM
bohno, was tihin. • Th« «raUftm>ori Hrwt rtprtMnl KM appranmam

fiviMliotmfic
•to ndicMtd T

— • -»Jbon of ttw riVMMd MnpMi. • MOMura conMnt nojcaM may M trrtctM
«y *«y win stMomi fluctuation and 9» oagrte o< tat saturation wn«n ;n«



~. u8 P'oneer Or.
Laommstef. MA OU53
(617)8*0-0391

SOIL EXPLORATION CORPORATION
Geotechnica! Drilling and Groundwater Monitor Wells

-urn OL:N CHSMCIAL OM 12/13/37 jocNa 37-391
vxawn OLIM CHEMICAL, EAMES STREET, WILMINGTON, MA

BORING Type »4 Gnund 0*» , , / - , n / «7 Oaw i i / i - » / o i M** « » EngJHyaroi.
HO. BEDROCK Be* Stirt 1 1/30/87 comow, 12/17/87 p,*^ P .M. G^ofst D - C .
2
0

H

50-

55 -

SM
Svnpii

No Own (it)

*

itoOM
aio«n

5* PI««MOOB

.

n«c
Inchti

^•ng
Blown
PwlL

SoU tnoVor tadredi ma dHcrlattom

*?••Chingt
0*pdT

43 '0"

48 "0"

50 '0"

VIsuil Mwttflettion of Soil inofcr flock Strut

Run 113 40 '0"- 43 "0"
R«cov«ry 34"/36" - 94. I

Run 114 43 '0"- 48' 0"
R«cov«ry 48"/60" - SOX

Run 115 48 '0"- 50 '0"
R«eov«ry 24"/24" • IOOX
End of boring «c 50 '0"
Ho vattr tncounctrtd upon completion

NOTE : ROCK CORING v«« performed
starting 12/14/87 to 12/17/87.

AIR ROTARY w«» performed on U/30/87
and;
1. 12" Roller bit Co 18' in soil

2. 12" Roller bit 18' Co 21' in bedrock

3. Set 8" Casing to 21' -
drive casing with hammer to refusal.

4. Grouted inside and outside of 8"
caeing to surface.
80Z Portland cement
20X Bentonite pellets

k

t

I

IVpe of lorlitg CMnvSbK 8" NX Cor*

ProoarHqn PMI MMM^
Tract 0 B KM
Son* 10 to 40*
And 40(050%

GiwulvMto(btomp«n.) CokMtat Sob (Man pw 1L)
Olo4ViiyUow MtoSOOMM OtoJVlMySel ItotSSM
4BH)LooM OMT 50 Vlwy OWM 2»4So« 19 lo 30 \%ry StUI
lOnSOMMimOmt 4ig|iyMumSW 0*30 H«rt

StwdirtpiMntontMisn) • I40f hmmr King 30*
BOM M p« 6' MM w«h n if long « rOtt « 1 3JT UX ipH ipoon stnvHr untM tit*** no»4

The armj and ptreamgM MM tt dnenbt m and cr »oeh art butd on viwtf idwitfc
t>y wm ot ytv and «Mr addM DunnQ ft* drtb* pneMi • WMif IMH MeMd m
bomg wu ottfl. • Tw mMaitoit few* rtpnunt tht ipptounmi taoundarwi Mti

•yv«ry<^>iiicnelluduetoindfteojqr»iOtioiie>jf«ion«rf)tnmt
MM toil lypsfc nt aousl nrnjem may be gnduaV •



CSA MONITORING WELL

STRATIGRAPHIC AND INSTRUMENTATION LOGS



-̂ iEE-. uB Pioneer Dr.
•S?^̂  Leominster. MA 01453
SjSF (617) B40-0391

SOIL EXPLORATION CORPORATION
Geotechnical Drilling and Groundwater Monitor Wells

23 Ingalls St.
Nashua. NH 03060

(603) 882-3601

n^ OLIN CHEMICAL Date 12/18/87 Job No. 87-891

\ocahnnOLIN CHEMICAL, EAMES STREET, WILMINGTON, MA

BO
NO.

__

B
P
T
H

5

>0

15

20

25 _

30

35 _

40

RlNGTyPe " Ground Date n /-in/fl7 Dato 11 /^n/R7 Min9 P N Enp,JHvdrol. n _Incereptor Elev. Stan H/30/87 complete 11/30/87 f^^ f .N . Geologist °'c-

•p Sample Data

Sample
No Depth (ft.)

•

Blows
6" Penetration

•

Ret
Inche

Casinc
Blows
Pertl

Soil and/or bedrock stnta description*
Strata

Change
Depth

h

15'0"

38 '0"

40'0"
Type of Boring Casing Size:

Proportion Percentages
Trace 0 to 10%

Some 10 to 40%
And 40 to 50%

Granular Soils (blows per ft.
0 to 4 Very Loose 30 to 50 De
4 to 10 loose Over 50 Ver
10 to 30 Medium Dense

Visual Identification of Soi andfor Hock Strata

Sample description taken from Type #3

Moist to wet, fine '-to- medium SAND, trace
inorganic silt, trace fine to medium
gravel.

^

W e t , fine to j&edium SAND, trace to some
inorganic silt, trace fine to coarse
gravel, trace cobbles.

NOTE : AIR ROTARY performed 11/30/87
and;
1.. 12" Roller bit to 38' in soil.

2. 12" Roller bit 38 '-40' in bedrock

3. Set 10" casing to 40'

4. Installed •i'V.PVC monitor well at
38'

: Gravel pack ':. 38'. - 5'
Benconice'Plug : 5.V. - 3'

WELL MATERIALS;
30' x 6" PVC screen (.015)
10' x 6" PVC riser
8" protective locking casing
2 pail - bentonite pellets
3 - concrete - steel guard posts.
Gravel.

BEDROCK
12" Roller bit 38' to 40' In bedrock.

End o£ boring at 40'0"
Water leve-1 at'-9''0- upon completion
Set 6" PVC monitor well at 38 '0"

ise 0 to 2 Very Soft 8 to 15 Stiff
/ Dense 2 to 4 Son 15 to 30 very Stiff

4 to 8 Medhim Stiff Over 30 Hard

Standard penetration lest (SPT) • 1401 hammer falling 30'
Blows an per 6' taken with an 18' tong x V 00. x 1 3/8* 1.0, split spoon sampler unless otherwise noted.

The lerms and percentages used to describe soil and or rock tre based on visual identification A the retrieved cample*. I Moisture contertT/xfcatod may ̂ jjjjf!^
by lime o» yew and water added during the drilUng process. • Water level* Indicated may v*jy w*h-4*«*onal fluctuation and the degree d son saturation wnen me
boring was taken. • The stratification lines represent the approximate boundaries between soil type*, the actual transitions may be gradual •

f
i
J
J
4

J

J

I

I

I

I I

I I

U"

II





APPENDIX F

HYDRAULIC CONDUCTIVITY DATA



SLUG TEST HYDRAULIC
CONDUCTIVITY DATA



GW54D RISING

-2.00
1.00

-1.00
log t (min)

0.00 1.00 2.00 3.00
1.00

0.67

H/H0

0.33

0.00
-0.94 0.06 1.06 2.06

log Tt/rc
2

0.67

0.33

n nn
3.06 4.06

o - Data

+ - Type Curve
Slug Test: alpha - -3.0

SOLUTION

Transmissivity - 7.973E-0002 sq ft/min
Aquifer Thick. - 1.200E+0001 ft
Hydraulic Cond.- 6.644E-0003 ft/min
Storativity - l.OOOE-0003

- 10



Data for Slug Injection/Withdrawal Test

Well Name: 55DF Date of Test: 9/91
Aquifer Thickness (b): 14.000 ft
Change in Vol.of Water - 0.009 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

Entry
No.

********
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Time(t)
(min)

************
0 . 000
0.017
0.033
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0^167
0.183
0.200
0.217
0.233
0.250
0.267
0.283
0.300
0.317
0.333
0.350
0.367
0.383
0.400
0.417
0.433
0.450
0.467
0.483
0.500
0.517
0.533
0.550
0.567
0.583
0.600
0.617
0.633
0.650
0.667

Head
(f t)

************
0.000
0.410
1.200
1.380
1.030
0.570
0.670
0.600
0.570
0.500
0.480
0.430
0.360
0.360
0.340
0.270
0.270
0.250
0.200
0.200
0.200
0.180
0.130
0.160
0.160
0.110
0.110
0.110
0.090
0.110
0.110
0.060
0.090
0.090
0.040
0.060
0.090
0.040
0.060
0.060
0.090

H
(ft)

************

0.410
1.200
1.380
1.030
0.570
0.670
0.600
0.570
0.500
0.480
0.430
0.360
0.360
0.340
0.270
0.270
0.250
0.200
0.200
0.200
0.180
0.130
0.160
0.160
0.110
0.110
0.110
0.090
0.110
0.110
0.060
0.090
0.090
0.040
0.060
0.090
0.040
0.060
0.060
0.090

H/HO

************

1.000
2.927
3.366
2.512
1.390
1.634
1.463
1.390
1.220
1.171
1.049
0.878
0.878
0.829
0.659
0.659
0.610
0.488
0.488
0.488
0.439
0.317
0.390
0.390
0.268
0.268
0.268
0.220
0.268
0.268
0.146
0.220
0.220
0.098
0.146
0.220
0.098
0.146
0.146
0.220



Data for Slug Injection/Withdrawal Test

Well Name: 43DR Date of Test: 9/91
Aquifer Thickness (b): 22.000 ft
Change in Vol.of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

Entry
No.

AAAAA'AAA

I

2

3
4
5
6
7
8
9
10
11
12
13
14
15

Time(t)
(min)

************

0.000
0.017
0.033
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183
0.200
0.217
0.233
0.250

Head
(ft)

**••**********•

0.000

0.460
0.330
0.260
0.420
0.160
0.070
0.120
0.090
0.120
0.090
0.090
0.070
0.120
0.120

H
(ft)

************

0.460
0.330
0.260
0.420
0.160
0.070
0.120
0.090
0.120
0.090
0.090
0.070
0.120
0.120

H/HO

************

1.000
0.717
0.565
0.913
0.348
0.152
0.261
0.196
0.261
0.196
0.196
0.152
0.261
0.261



GW43D RISING

log t (min)
-2.00 -1.00 0.00 1.00 2.00 3.00

1.00 1.00

0.67

0.33

0.00

ooo
o o

0.67

0.33

+
* * i i i n no

-0.24 0.76 1.76 2.76 3.76 4.76
log Tt/rc

2

o - Data

+ - Type Curve
Slug Test: alpha —10.0

SOLUTION

Transmissivity - 3.996E-0001 sq ft/min
Aquifer Thick. - 2.200E+0001 ft
Hydraulic Cond.- 1.816E-0002 ft/min ^
Storativity - l.OOOE-0010



Data for Slug Injection/Withdrawal Test

Well Name: 43DF Date of Test: 9/91
Aquifer Thickness (b): 22.000 ft
Change in Vol.of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

H/HO

************

1.000
2.238
2.095
0.667
0.476
0.476
0.143
0.238
0.143
0.000

Entry
No.

********
1
2
3
4
5
6
7
8
9
10
11

Time(t)
(min) .

************
0.000
0.017
0.033
0.050
'0.067
0.083
0.100
0.117
0.133
0.150
0.167

Head
(ft)

************
0.000
0.210
0.470
0.440
0.140
0.100
0.100
0.030
0.050
0.030
0.000

H
(ft)

************

0.210
0.470
0.440
0.140
0.100
0.100
0.030
0.050
0.030
0.000



GW43D FALLING

-2.00
1.00

-1.00
log t (min)

0.00 1.00 2.00 3.00
1.00

0.67

0.33

0.00
-0.19

0.67

0.33

n nn
0.81 1.81 2.81

log Tt/rc
2

3.81 4.81

o - Data

+ - Type Curve
Slug Test: alpha —10.0

SOLUTION

Transmissivity - 4.484E-0001 sq ft/min
Aquifer Thick. - 2.200E+0001 ft
Hydraulic Cond.- 2.038E-0002 ft/min
Storativity - l.OOOE-0010



102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

1.683
1.700
1.717
1.733
1.750
1.767
1.783
1.800
1.817
1.833
1.850
1.867
1.883
1.900
1.917
1.933
1.950
1.967 .
1.983
2.000
2.017
2.033
2.050
2.067
2.083
2.100
2.117
2.133
2.150
2.167
2.183
2.200
2.217
2.233
2.250
2.267
2.283
2.300
2.317
2.333
2.350
2.367
2.383
2.400
2.417
2.433
2.450
2.467
2.483
2.500
2.517
2.533
2.550
2.567
2.583
2 . 600
2.617
2.633
2.650
2.667

0.110
0.110
0.110
0.130
0.090
0.130
0.090
0.130
0.110
0.090
0.110
0.090
0.110
0.090
0.110
0.090
0.090
0.110
0.090
0.090
0.090
0.090
0.070
0.110
0.070
0.110
0.070
0.110
0.070
0.070
0.090
0.070
0.090
0.070
0.110
0.070
0.090
0.070
0.090
0.090
0.070
0.070
0.070
0.070
0.040
0.090
0.090
0.090
0.040
0.040
0.070
0.040
0.070
0.040
0.090
0.040
0.090
0.070
0.040
0.070

0.110
0.110
0.110
0.130
0.090
0.130
0.090
0.130
0.110
0.090
0.110
0.090
0.110
0.090
0.110
a. 090
0.090
0.110
0.090
0.090
0.090
0.090
0.070
0.110
0.070
0.110
0.070
0.110
0.070
0.070
0.090
0.070
0.090
0.070
0.110
0.070
0.090
0.070
0.090
0.090
0.070
0.070
0.070
0.070
0.040
0.090
0.090
0.090
0.040
0.040
0.070
0.040
0.070
0.040
0.090
0.040
0.090
0.070
0.040
0.070

0.200
0.200
0.200
0.236
0.164
0.236
0.164
0.236
0.200
0.164
0.200
0.164
0.200
0.164
0.200
0.164
0.164
0.200
0.164
0.164
0.164
0.164
0.127
0.200
0.127
0.200
0.127
0.200
0.127
0.127
0.164
0.127
0.164
0.127
0.200
0.127
0.164
0.127
0.164
0.164
0.127
0.127
0.127
0.127
0.073
0.164
0.164
0.164
0.073
0.073
0.127
0.073
0.127
0.073
0.164
0.073
0.164
0.127
0.073
0.127



162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

2.683
2.700
2.717
2.733
2.750
2.767
2.783
2.800
2.817
2.833
2.850
2.867
2.883
2.900
2.917
2.933
2.950
2.967
2.983
3.000
3.017
3.033
3.050
3.067
3.083
3.100
3.117
3.133
3.150
3.167
3.183
3.200
3.217
3.233
3.250
3.267
3.283
3.300
3.317
3.333
3.350
3.367
3.383
3.400
3.417
3.433
3.450
3.467
3.483
3.500
3.517
3.533
3.550
3.567
3.583
3.600
3.617
3.633
3.650
3.667

U.IKHJ
0.070
0.040
0.090
0.040
0.040
0.070
0.040
0.070
0.040
0.070
0.040
0.040
0.070
0.040
0.070
0.020
0.070
0.040
0.040
0.070
0.040
0.070
0.020
0.070
0.020
0.020
0.040
0.040
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.020
0.040
0.040
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.070

U.U4U

0.070
0.040
0.090
0.040
0.040
0.070
0.040
0.070
0.040
0.070
0.040
0.040
0.070
0.040
0.070
0.020
0.070
0.040
0.040
0.070
0.040
0.070
0.020
0.070
0.020
0.020
0.040
0.040
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.020
0.040
0.040
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.070

U . \J 1 J

0.127
0.073
0.164
0.073
0.073
0.127
0.073
0.127
0.073
0.127
0.073
0.073
0.127
0.073
0.127
0.036
0.127
0.073
0.073
0.127
0.073
0.127
0.036
0.127
0.036
0.036
0.073
0.073
0.127
0.036
0.127
0.073
0.036
0.073
0.036
0.127
0.036
0.127
0.073
0.036
0.073
0.036
0.127
0.036
0.036
0.073
0.073
0.073
0.036
0.127
0.036
0.127
0.073
0.036
0.073
0.036
0.127
0.036
0.127



Data for Slug Injection/Withdrawal Test

Well Name: 51DR
Aquifer Thickness (b) : 10.000 ft
Change in Vol. of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline

Date of Test: 9/91

0.083 ft

Entry
No.

********
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Time(t)
(min) .

************
0.000
0.017
0.033
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183
0.200
0.217
0.233
0.250
0.267
0.283
0.300
0.317
0.333
0.350
0.367
0.383
0.400
0.417
0.433
0.450
0.467
0.483
0.500
0.517
0.533
0.550
0.567
0.583
0.600
0.617
0.633
0.650
0.667

Head
(ft)

************ *
0.000
0.550
0.500
0.550
0.480
0.500
0.460
0.480
0.440
0.480
0.410
0.460
0.410
0.440
0.390
0.440
0.410
0.370
0.390
0.370
0.370
0.370
0.370
0.340
0.340
0.340
0.340
0.320
0.320
0.300
0.340
0.300
0.320
0.270
0.320
0.270
0.320
0.250
0.270
0.270
0.250

H
(ft)

***********

0.550
0.500
0.550
0.480
0.500
0.460
0.480
0.440
0.480
0.410
0.460
0.410
0.440
0.390
0.440
0.410
0.370
0.390
0.370
0.370
0.370
0.370
0.340
0.340
0.340
0.340
0.320
0.320
0.300
0.340
0.300
0.320
0.270
0.320
0.270
0.320
0.250
0.270
0.270
0.250

H/HO

************

1.000
0.909
1.000
0.873
0.909
0.836
0.873
0.800
0.873
0.745
0.836
0.745
0.800
0.709
0.800
0.745
0.673
0.709
0.673
0.673
0.673
0.673
0.618
0.618
0.618
0.618
0.582
0.582
0.545
0.618
0.545
0.582
0.491
0.582
0.491
0.582
0.455
0.491
0.491
0.455



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
60
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

0.683
0.700
0.717
0.733
0.750
0.767
0.783
0.800
0.817
0.833
0.850
0.867
0.883
0.900
0.917
0.933
0.950 •
0.967
0.983
1.000
1.017
1.033
1.050
1.067
1.083
1.100
1.117
1.133
1.150
1.167
1.183
1.200
1.217
1.233
1.250
1.267
1.283
1.300
1.317
1.333
1.350
1.367
1.383
1.400
1.417
1.433
1.450
1.467
1.483
1.500
1.517
1.533
1.550
1.567
1.583
1.600
1.617
1.633
1.650
1.667

0.270
0.250
0.270
0.250
0.270
0.230
0.270
0.230
0.250
0.200
0.250
0.230
0.200
0.230
0.200
0.200
0.200
0.230
0.180
0.230
0.180
0.180
0.200
0.180
0.200
0.180
0.200
0.160
0.200
0.160
0.200
0.160
0.160
0.180
0.160
0.160
0.160
0.160
0.130
0.180
0.130
0.180
0.130
0.160
0.130
0.160
0.130
0.110
0.130
0.130
0.130
0.110
0.160
0.110
0.160
0.110
0.160
0.110
0.110
0.110

0.270
0.250
0.270
0.250
0.270
0.230
0.270
0.230
0.250
0.200
0.250
0.230
0.200
0.230
0.200
0.200
0.200
0.230
0.180
0.230
0.180
0.180
0.200
0.180
0.200
0.180
0.200
0.160
0.200
0.160
0.200
0.160
0.160
0.180
0.160
0.160
0.160
0.160
0.130
0.180
0.130
0.180
0.130
0.160
0.130
0.160
0.130
0.110
0.130
0.130
0.130
0.110
0.160
0.110
0.160
0.110
0.160
0.110
0.110
0.110

0.491
0.455
0.491
0.455
0.491
0.418
0.491
0.418
0.455
0.364
0.455
0.418
0.364
0.418
0.364
0.364
0.364
0.418
0.327
0.418
0.327
0.327
0.364
0.327
0.364
0.327
0.364
0.291
0.364
0.291
0.364
0.291
0.291
0.327
0.291
0.291
0.291
0.291
0.236
0.327
0.236
0.327
0.236
0.291
0.236
0.291
0.236
0.200
0.236
0.236
0.236
0.200
0.291
0.200
0.291
0.200
0.291
0.200
0.200
0.200



222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

3.683
3.700
3.717
3.733
3.750
3.767
3.783
3.800
3.817
3.833
3.850
3.867
3.883
3.900
3.917
3.933
3.950
3.967 .
3.983
4.000
4.017
4.033
4.050
4.067
4.083
4.100
4.117
4.133
4.150
4.167
4.183
4.200
4.217
4.233

0.020
0.020
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.020
0.020
0.040
0.020
0.070
0.020
0.020
0.020
0.020
0.040
0.020
0.040
0.020
0.020
0.020
0.020
0.040
0.000

0.020
0.020
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.040
0.020
0.070
0.020
0.070
0.040
0.020
0.020
0.020
O.Q40
0.020
0.070
0.020
0.020
0.020
0.020
0.040
0.020
0.040
0.020
0.020
0.020
0.020
0.040
0.000

0.036
0.036
0.073
0.036
0.127
0.036
0.127
0.073
0.036
0.073
0.036
0.127
0.036
0.127
0.073
0.036
0.036
0.036
0.073
0.036
0.127
0.036
0.036
0.036
0.036
0.073
0.036
0.073
0.036
0.036
0.036
0.036
0.073
0.000



GW51D RISING

-2.00
1.00

-1.00

0.67

H/H0

0.33

0.00

log t (min)
0.00 1.00 2.00

O f
O O O

O O
o + oo

00 O

o o

-1.56 -0.56 0.44 1.44
log Tt/rc

2

2.44

3.00
1.00

0.67

0.33

I n

3.44

o - Data

+ - Type Curve
Slug Test: alpha - -4.0

SOLUTION

Transmissivity - 1.913E-0002 sq ft/min
Aquifer Thick. - l.OOOE+0001 ft
Hydraulic Cond.- 1.913E-0003 ft/min ^
Storativity - l.OOOE-0004



Data for Slug Injection/Withdrawal Test

Well Name: 54DF Date of Test: 9/91
Aquifer Thickness (b): 12.000 ft
Change In Vol.of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

Entry
No.

********

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Time(t)
(ain)

A****'***'****

0.000

0.017

0.033
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183
0.200
0.217
0.233
0.250
0.267
0.283
0.300
0.317
0.333
0.350
0.367
0.383
0.400
0.417
0.433
0.450
0.467
0.483
0.500
0.517
0.533
0.550
0.567
0.583
0.600
0.617
0.633
0.650
0.667

Head
(ft)

•*•*•*•******•*•**

0.000
0.880
0.560
0.610
0.400
0.440
0.350
0.400
0.210
0.190
0.190
0.170
0.140
0.140
0.140
0.140
0.120
0.120
0.100
0.100
0.100
0.100
0.100
0.100
0.070
0.070
0.070
0.070
0.070
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.030
0.030
0.030
0.030

H
(ft)

************

0.880
0.560
0.610
0.400
0.440
0.350
0.400
0.210
0.190
0.190
0.170
0.140
0.140
0.140
0.140
0.120
0.120
0.100
0.100
0.100
0.100
0.100
0.100
0.070
0.070
0.070
0.070
0.070
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.030
0.030
0.030
0.030

H/HO

************

1.000

0.636

0.693
0.455
0.500
0.398
0.455
0.239
0.216
0.216
0.193
0.159
0.159
0.159
0.159
0.136
0.136
0.114
0.114
0.114
0.114
0.114
0.114
0.080
0.080
0.080
0.080
0.080
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.034
0.034
0.034
0.034



GW54D FALLING

log t (min)
-2.00 -1.00 0.00 1.00 2.00 3.00

1.00 1.00

0.67

0.33

0.00

o

o

*

o
e o

o

o
"o

0.67

0.33

n nn
-0.74 0.26 1.26 2.26 3.26 4.26

log Tt/rc
2

o • Data

+ - Type Curve
Slug Test: alpha - -3.0

SOLUTION

Transnissivity - 1.264E-0001 sq ft/min
Aquifer Thick. - 1.200E+0001 ft
Hydraulic Cond.- 1.053E-0002 ft/min ^
Storativity - l.OOOE-0003



Data for Slug Injection/Withdrawal Test

Well Name: 54DR
Aquifer Thickness (b): 12.000 ft
Change in Vol.of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline

Date of Test: 9/91

0.083 ft

Entry
No.

-Jj-iL- -J--1- IT t"l"l-TTwwWTCTClflnflr

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Time(t)
(min) .

A, ^ iji l i i t lull *i 1 1 li liTBTXTCXXwwiKwTflrXilt

0.000
0.017
0.033
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183
0.200
0.217
0.233
0.250
0.267
0.283
0.300
0.317
0.333
0.350
0.367
0.383
0.400
0.417
0.433
0.450
0.467
0.483
0.500
0.517
0.533
0.550
0.567
0.583
0.600
0.617
0.633
0.650
0.667

Head
(ft)

-Ir-fc-il—Vl ii-li it ti li li t tA A A A X J C X A X X A A

0.000
0.670
0.700
0.510
0.440
0.390
0.350
0.330
0.300
0.280
0.280
0.260
0.230
0.230
0.210
0.210
0.210
0.190
0.190
0.190
0.190
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140

H
(ft)

0.670
0.700
0.510
0.440
0.390
0.350
0.330
0.300
0.280
0.280
0.260
0.230
0.230
0.210
0.210
0.210
0.190
0.190
0.190
0.190
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140

H/HO

^rtrfc'fe'feiiriif'fe'ffk icfc

1.000
1.045
0.761
0.657
0.582
0.522
0.493
0.448
0.418
0.418
0.388
0.343
0.343
0.313
0.313
0.313
0.284
0.284
0.284
0.284
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.209
0.209
0.209
0.209
0.209
0.209
0.209
0.209
0.209
0.209



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

0.683
0.700
0.717
0.733
0.750
0.767
0.783
0.800
0.817
0.833
0.850
0.867
0.883
0.900
0.917
0.933
0.950
0.967
0.983
1.000
1.017
1.033
1.050
1.067
1.083
1.100
1.117
1.133
1.150
1.167
1.183
1.200
1.217
1.233
1.250
1.267
1.283
1.300
1.317
1.333
1.350
1.367
1.383
1.400
1.417

0.140
0.140
0.140
0.140
0.140
0.140
0.120
0.140
0.140
0.140
0.140
0.140
0.140
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.140
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.090

0.140
0.140
0.140
0.140
0.140
0.140
0.120
0.140
0.140
0.140
0.140
0.140
0.140
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.140
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.120
0.090

0.209
0.209
0.209
0.209
0.209
0.209
0.179
0.209
0.209
0.209
0.209
0.209
0.209
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.209
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.134



Data for Slug Injection/Withdrawal Test

Well Name: 55DR Date of Test: 9/91
Aquifer Thickness (b): 14.000 ft
Change in Vol.of Water - 0.009 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

Entry
No.

********
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Time(t)
(min) .

************
0.000
0.017
0.033
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183
0.200
0.217
0.233
0.250
0.267
0.283
0.300
0.317
0.333
0.350
0.367
0.383

Head
(ft)

********* A**

0 . 000
0.900
0.830
0.740
0.620
0.580
0.490
0.420
0.390
0.320
0.300
0.230
0.180
0.160
0.120
0.140
0.090
0.090
0.050
0.050
0.020
0.020

-0.020
0.000

H
(ft)

** * * ********

0.900
0.830
0.740
0.620
0.580
0.490
0.420
0.390
0.320
0.300
0.230
0.180
0.160
0.120
0.140
0.090
0.090
0.050
0.050
0.020
0.020
0.020
0.000

H/HO

************

1.000
0.922
0.822
0.689
0.644
0.544
0.467
0.433
0.356
0.333
0.256
0.200
0.178
0.133
0.156
0.100
0.100
0.056
0.056
0.022
0.022
0.022
0.000



GW55D RISING

log t (min)
-2.00 -1.00 0.00 1.00 2.00 3.00

1.00 1.00

0.67

0.33

0.00

o
o 0.67
+

0°

0.33

n nn
-0.38 0.62 1.62 2.62 3.62 4.62

log Tt/rc
2

o - Data

+ - Type Curve
Slug Test: alpha --10.0

SOLUTION

Transmissivity - 2.895E-0001 sq ft/min
Aquifer Thick. - 1.400E+0001 ft
Hydraulic Cond.- 2.068E-0002 ft/min
Storativity - l.OOOE-0010



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

0.683
0.700
0.717
0.733
0.750
0.767
0.783
0.800
0.817
0.833
0.850
0.867
0.883
0.900
0.917
0.933
0.950
0.967
0.983
1.000
1.017
1.033
1.050
1.067
1.083
1.100
1.117
1.133
1.150
1.167
1.183
1.200
1.217
1.233
1.250 '
1.267
1.283
1.300
1.317
1.333
1.350
1.367
1.383
1.400
1.417
1.433
1.450
1.467
1.483
1.500
1.517
1.533
.1.550
1.567
1.583
1.600
1.617
1.633
1.650
1.667

0.060
0.060
0.060
0.020
0.060
0.060
0.020
0.060
0.060
0.020
0.040
0^060
0.020
0.040
0.040
0.020
0.040
0.040
0.060
0.040
0.040
0.060
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.000
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.000
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020

0.060
0.060
0.060
0.020
0.060
0.060
0.020
0.060
0.060
0.020
0.040
0.060
0.020
0.040
0.040
0.020
0.040
0.040
0.060
0.040
0.040
0.060
0.040
0.040
0 . 040
0.040
0.040
0.040
0.040
0.040
0.020
0.040
0.040
0.020 .
0.040
0.040
0.020
0.040
0.040
0.000
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.000
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020

0.146
0.146
0.146
0.049
0.146
0.146
0.049
0.146
0.146
0.049
0.098
0.146
0.049
0.098
0.098
0.049
0.098
0.098
0.146
0.098
0.098
0.146
0.098
0.098
0.098
0.098
0.098
0.098
0.098
0.098
0.049
0.098
0.098
0.049
0.098
0.098
0.049
0.098
0.098
0.000
0.098
0.098
0.049
0.098
0.098
0.049
0.098
0.098
0.049
0.098
0.098
0.000
0.098
0.098
0.098
0.098
0.098
0.098
0.098
0.049



-2.00
1.00

-1.00

GW55D FALLING

log t (min)
0.00 1.00 2.00 3.00

0.67

H/HO

0.33

0.00
-0.77

oa

on

0.23 1.23 2.23
log Tt/rc

2
3.23

o - Data

+ - Type Curve
Slug Test: alpha —10.0

0.67

0.33

n nn
4.23

SOLUTION

Transmissivity - 1.179E-0001 sq ft/rain
Aquifer Thick. - 1.400E+0001 ft
Hydraulic Cond.- 8.424E-0003 ft/min
Storativity - l.OOOE-0010



Data for Slug Injection/Withdrawal Test

Well Name: 56DF Date of Test: 9/91
Aquifer Thickness (b): 10.000 ft
Change in Vol.of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

H/HO

************

1.000
0.546
0.196
0.072
0.103
0.052
0.000

Entry
No.

********
1
2
3
4
5
6
7
8

Time(t)
(min)

************
0.000
0.017
0.033
0.050
0.067
0.083
0.100
0.117

Head
(ft)

************
0.000
0.970
0.530
0.190
0.070
0 . 100
0.050
0.000

H
(ft)

************

0.970
0.530
0.190
0.070
0.100
0.050
0.000



GW56D FALLING

-2.00
1.00

-1.00
log t (min)

0.00 1.00 2.00

0.67

H/HO

0.33

0.00
0.34

•"o
I *

1.34 2.34 3.34
log Tt/rc

2

4.34

3.00
1.00

0.67

0.33

n nn
5.34

o - Data

+ - Type Curve
Slug Test: alpha —10.0

SOLUTION

Transnissivity - 1.519E+0000 sq ft/min
Aquifer Thick. - l.OOOE+0001 ft
Hydraulic Cond.- 1.519E-0001 ft/min
Storativity - l.OOOE-0010



Data for Slug Injection/Withdrawal Test

Well Name: 56DR Date of Test: 9/91
Aquifer Thickness (b): 10.000 ft
Change in Vol.of Water - 0.022 cu ft
Effective Radius of Well - 0.083 ft
Radius of Casing(rc) over Water Level Decline - 0.083 ft

Entry
No.

********
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Time(t)
(min)

************
0.000
0.017
0.033
0.050
0.067
0.083
0.100
0.117
0.133
0.150
0.167
0.183
0.200
0.217
0.233

Head
(ft)

************
0.000
0.300
0.230
0.460
0.620
0.280
0.140
0.070
0.090
0.050
0.020
0.020
0.050
0.020
0.000

H
(ft)

************

0.300
0.230
0.460
0.620
0.280
0.140
0.070
0.090
0.050
0.020
0.020
0.050
0.020
0.000

H/HO

************

1 . 000
0.767
1.533
2.067
0.933
0.467
0.233
0.300
0.167
0.067
0.067
0.167
0.067
0.000



GW56D RISING

log t (min)
-2.00 -1.00 0.00 1.00 2.00 3.00

1.00 1.00

0.67

0.33

0.00

»
o

+
»

0.67

0.33

coo +
j * t i i I o r>o

-0.23 0.77 1.77 2.77 3.77 4.77
log Tt/rc

2

o - Data

+ - Type Curve
Slug Test: alpha --10.0

SOLUTION

Transmissivity - 4.089E-0001 sq ft/min
Aquifer Thick. - l.OOOE+0001 ft

Hydraulic Cond.- 4.089E-0002 ft/min _̂ (,04+1 I
Storativity - l.OOOE-0010 '



PUMPING TEST
HYDRAULIC CONDUCTIVITY DATA



GW-62BR DRAWDOWN CURVE
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GW-62BR DRAWDOWN CURVE
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Saved Recorder Status
Type: 2109-10 Range: 0.00 - 23.60 feet

Time at Recorder: 01/21/93 15:32:39 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm § 0.09 is OFF Upper alarm Q 23.53 is OFF

Averaging period: 00:00:15 Amount of data recorded: 00:11:30
Storage Capacity: 6512 values records: 1 day 03:08:00

Output compressed by a factor of 1

Date Time Avg

Dl/21/93 15:21:05 22.89
01/21/93 15:21:20 22.79
01/21/93 15:21:35 22.10
01/21/93 15:21:50 21.32 ' *
31/21/93 15:22:05 20.58 *
01/21/93 15:22:20 19.86 *
01/21/93 15:22:35 19.15 *
01/21/93 15:22:50 18.43 *
31/21/93 15:23:05 17.76 *
01/21/93 15:23:20 17.12 *
11/21/93 15:23:35 16.50 *
Jl/21/93 15:23:50 15.90 *
01/21/93 15:24:05 15.30 *
01/21/93 15:24:20 14.70 *
31/21/93 15:24:35 14.14 *
01/21/93 15:24:50 13.61 *
01/21/93 15:25:05 13.03 *
Jl/21/93 15:25:20 12.46 *
)l/21/93 15:25:35 11.90 *
01/21/93 15:25:50 11.35 *
11/21/93 15:26:05 10.82 *
)l/21/93 15:26:20 10.29 *
01/21/93 15:26:35 9.78 *
01/21/93 15:26:50 9.30 *
Jl/21/93 15:27:05 8.81 *
Jl/21/93 15:27:20 8.33 *
01/21/93 15:27:35 7.87 *
(1/21/93 15:27:50 7.43 *
>l/21/93 15:28:05 6.99 *
01/21/93 15:28:20 6.57 *
11/21/93 15:28:35 6.16 *
U/21/93 15:28:50 5.77 *
01/21/93 15:29:05 5.38 *
01/21/93 15:29:20 4.98 *
11/21/93 15:29:35 4.61 *
.,1/21/93 15:29:50 4.27 *
01/21/93 15:30:05 3.92 *
Jl/21/93 15:30:20 3.58 *
11/21/93 15:30:35 3.25 *
01/21/93 15:30:50 2.95 *
^1/21/93 15:31:05 2.65 *
H/21/93 15:31:20 2.40 *

tfl/21/93 15:31:35 2.15 *
01/21/93 15:31:50 1.94 *
'1/21/93 15:32:05 1.68 *



GW-62BRD RECOVERY CURVE
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I MONITORING DATA
Saved Recorder Status *

Type: 2109-10 Range: 0.00 - 23.60 feet Recorder ID: 0002
Time at Recorder: 01/21/93 15:10:23 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm @ 0.09 is OFF Upper alarm £ 23.53 is OFF

Averaging period: 00:00:15 Amount of data recorded: 01:33:15
Storage Capacity: 6512 values records: 1 day 03:08:00

Output compressed by a factor of 1

Date Time Avg

01/21/93 13:36:54 22.72
01/21/93 13:37:09 22.59
01/21/93 13:37:24 22.03
01/21/93 13:37:39 21.48
01/21/93 13:37:54 20.99
01/21/93 13:38:09 20.53
01/21/93 13:38:24 20.07
01/21/93 13:38:39 19.63
01/21/93 13:38:54 19.19
01/21/93 13:39:09 18.80
01/21/93 13:39:24 18.36
01/21/93 13:39:39 17.99
01/21/93 13:39:54 17.65
01/21/93 13:40:09 17.28
01/21/93 13:40:24 16.93
01/21/93 13:40:39 16.61
01/21/93 13:40:54 16.26
01/21/93 13:41:09 15.92
01/21/93 13:41:24 15.62
01/21/93 13:41:39 15.32
01/21/93 13:41:54 15.02
01/21/93 13:42:09 14.72
01/21/93 13:42:24 14.46
01/21/93 13:42:39 14.21
01/21/93 13:42:54 13.98
01/21/93 13:43:09 13.75
01/21/93 13:43:24 13.54
01/21/93 13:43:39 13.33
01/21/93 13:43:54 13.13
01/21/93 13:44:09 12.94
01/21/93 13:44:24 12.78
01/21/93 13:44:39 12.62
01/21/93 13:44:54 12.48
01/21/93 13:45:09 12.39
01/21/93 13:45:24 12.13
01/21/93 13:45:39 11.77
01/21/93 13:45:54 11.37
01/21/93 13:46:09 11.00
01/21/93 13:46:24 10.66
01/21/93 13:46:39 10.34
01/21/93 13:46:54 10.01
01/21/93 13:47:09 9.69
01/21/93 13:47:24 9.39
01/21/93 13:47:39 9.09
01/21/93 13:47:54 8.81
01/21/93 13:48:09 8.54
01/21/93 13:48:24 8.28

*
*

*
*



01721/93 13:48:39 8.03 *
01/21/93 13:48:54 7.80 *
01/21/93 13:49:09 7.57 *
01/21/93 13:49:24 7.34 *
01/21/93 13:49:39 7.13 *
01/21/93 13:49:54 6.78 *
01/21/93 13:50:09 6.44 *
01/21/93 13:50:24 6.07 *
01/21/93 13:50:39 5.74 *
01/21/93 13:50:54 5.40 *
01/21/93 13:51:09 5.08 *
01/21/93 13:51:24 4.75 *
01/21/93 13:51:39 4.45 *
01/21/93 13:51:54 4.15 *
01/21/93 13:52:09 3.90 *
01/21/93 13:52:24 3.60 *
01/21/93 13:52:39 3.35 *
01/21/93 13:52:54 3.09 *
01/21/93 13:53:09 2.84 *
01/21/93 13:53:24 2.61 *
01/21/93 13:53:39 2.38 *
01/21/93 13:53:54 2.17 *
01/21/93 13:54:09 2.24 *
01/21/93 13:54:24 2.95 *
01/21/93 13:54:39 3.21 *
01/21/93 13:54:54 3.37 *
01/21/93 13:55:09 3.53 *
01/21/93 13:55:24 3.67 *
01/21/93 13:55:39 3.83 *
01/21/93 13:55:54 3.97 *
01/21/93 13:56:09 4.13 *
01/21/93 13:56:24 4.27 *
01/21/93 13:56:39 4.41 *
01/21/93 13:56:54 4.54 *
01/21/93 13:57:09 4.71 *
01/21/93 13:57:24 4.84 *
01/21/93 13:57:39 4.98 *
01/21/93 13:57:54 5.12 *
01/21/93 13:58:09 5.24 *
01/21/93 13:58:24 5.40 *
01/21/93 13:58:39 5.56 *
01/21/93 13:58:54 5.65 *
01/21/93 13:59:09 5.79 *
01/21/93 13:59:24 5.93 *
01/21/93 13:59:39 6.07 *
01/21/93 13:59:54 6.18 *
01/21/93 14:00:09 6.32 *
01/21/93 14:00:24 6.46 *
01/21/93 14:00:39 6.60 *
01/21/93 14:00:54 6.71 *
01/21/93 14:01:09 6.83 *
01/21/93 14:01:24 6.94 *
01/21/93 14:01:39 7.11 *
01/21/93 14:01:54 7.20 *
01/21/93 14:02:09 7.31 *
01/21/93 14:02:24 7.47 *
01/21/93 14:02:39 7.61 *
01/21/93 14:02:54 7.68 *
01/21/93 14:03:09 7.80 *
01/21/93 14:03:24 7.98 *



01/21/93 14:03:39 8.10 *
01/21/93 14:03:54 8.17 *
01/21/93 14:04:09 8.28 *
01/21/93 14:04:24 8.40 *
01/21/93 14:04:39 8.51 *
01/21/93 14:04:54 8.65 *
01/21/93 14:05:09 8.77 *
01/21/93 14:05:24 8.88 *
01/21/93 14:05:39 9.00 *
01/21/93 14:05:54 9.11 *
01/21/93 14:06:09 9.20 *
01/21/93 14:06:24 9.32 *
01/21/93 14:06:39 9.44 *
01/21/93 14:06:54 9.55 *
01/21/93 14:07:09 9.67 *
01/21/93 14:07:24 9.76 *
01/21/93 14:07:39 9.87 *
01/21/93 14:07:54 9.9.9 *
01/21/93 14:08:09 10.08 *
01/21/93 14:08:24 10.20 *
01/21/93 14:08:39 10.29 *
01/21/93 14:08:54 10.40 *
01/21/93 14:09:09 10.52 *
01/21/93 14:09:24 10.61 *
01/21/93 14:09:39 10.70 *
01/21/93 14:09:54 10.80 *
01/21/93 14:10:09 10.91 *
01/21/93 14:10:24 11.00 *
01/21/93 14:10:39 11.10 *
01/21/93 14:10:54 11.19 *
01/21/93 14:11:09 11.28 *
01/21/93 14:11:24 11.40 *
01/21/93 14:11:39 11.49 *
01/21/93 14:11:54 11.58 *
01/21/93 14:12:09 11.67 *
01/21/93 14:12:24 11.77 *
01/21/93 14:12:39 11.86 *
01/21/93 14:12:54 11.95 *
01/21/93 14:13:09 12.04 *
01/21/93 14:13:24 12.13 *
01/21/93 14:13:39 12.23 *
01/21/93 14:13:54 12.32 *
01/21/93 14:14:09 12.41 *
01/21/93 14:14:24 12.50 *
01/21/93 14:14:39 12.57 *
01/21/93 14:14:54 12.67 *
01/21/93 14:15:09 12.76 *
01/21/93 14:15:24 12.85 *
01/21/93 14:15:39 12.92 *
01/21/93 14:15:54 13.01 *
01/21/93 14:16:09 13.08 *
01/21/93 14:16:24 13.17 *
01/21/93 14:16:39 13.27 *
01/21/93 14:16:54 13.36 *
01/21/93 14:17:09 13.43 *
01/21/93 14:17:24 13.52 *
01/21/93 14:17:39 13.59 *
01/21/93 14:17:54 13.66 *
01/21/93 14:18:09 13.73 *
01/21/93 14:18:24 13.82 *



01721/93 14:18:39 13.89 *
01/21/93 14:18:54 13.96 *
01/21/93 14:19:09 14.05 *
01/21/93 14:19:24 14.14 *
01/21/93 14:19:39 14.19 *
01/21/93 14:19:54 14.26 *
01/21/93 14:20:09 14.35 *
01/21/93 14:20:24 14.44 *
01/21/93 14:20:39 14.49 *
01/21/93 14:20:54 14.58 *
01/21/93 14:21:09 14.65 *
01/21/93 14:21:24 14.72 *
01/21/93 14:21:39 14.79 *
01/21/93 14:21:54 14.86 *
01/21/93 14:22:09 14.93 *
01/21/93 14:22:24 15.00 *
01/21/93 14:22:39 15.06 *
01/21/93 14:22:54 15.13 *
01/21/93 14:23:09 15.20 *
01/21/93 14:23:24 15.27 *
01/21/93 14:23:39 15.32 *
01/21/93 14:23:54 15.39 *
01/21/93 14:24:09 15.46 *
01/21/93 14:24:24 15.53 *
01/21/93 14:24:39 15.57 *
01/21/93 14:24:54 15.66 *
01/21/93 14:25:09 15.71 *
01/21/93 14:25:24 15.78 *
01/21/93 14:25:39 15.85 *
01/21/93 14:25:54 15.87 *
01/21/93 14:26:09 15.94 *
01/21/93 14:26:24 16.03 *
01/21/93 14:26:39 16.06 *
01/21/93 14:26:54 16.13 *
01/21/93 14:27:09 16.17 *
01/21/93 14:27:24 16.29 *
01/21/93 14:27:39 16.29 *
01/21/93 14:27:54 16.40
01/21/93 14:28:09 16.45
01/21/93 14:28:24 16.47
01/21/93 14:28:39 16.52
01/21/93 14:28:54 16.59
01/21/93 14:29:09 16.63
01/21/93 14:29:24 16.68
01/21/93 14:29:39 16.79 *
01/21/93 14:29:54 16.84 *
01/21/93 14:30:09 16.89 *
01/21/93 14:30:24 16.96 *
01/21/93 14:30:39 16.96 *
01/21/93 14:30:54 17.05 *
01/21/93 14:31:09 17.07 *
01/21/93 14:31:24 17.16 *
01/21/93 14:31:39 17.16 *
01/21/93 14:31:54 17.21 *
01/21/93 14:32:09 17.30 *
01/21/93 14:32:24 17.35 *
01/21/93 14:32:39 17.42 *
01/21/93 14:32:54 17.44 *
01/21/93 14:33:09 17.46 *
01/21/93 14:33:24 17.56



01/21/93 14:33:39 17.56 *
01/21/93 14:33:54 17.60 *
01/21/93 14:34:09 17.65 *
01/21/93 14:34:24 17.74 *
01/21/93 14:34:39 17.74 *
01/21/93 14:34:54 17.83 *
01/21/93 14:35:09 17.88 *
01/21/93 14:35:24 17.88 *
01/21/93 14:35:39 17.93 *
01/21/93 14:35:54 18.02 *
01/21/93 14:36:09 18.02 *
01/21/93 14:36:24 18.06 *
01/21/93 14:36:39 18.16 *
01/21/93 14:36:54 18.16 *
01/21/93 14:37:09 18.23 *
01/21/93 14:37:24 18.23 *
01/21/93 14:37:39 18.27 *
01/21/93 14:37:54 18.36 *
01/21/93 14:38:09 18.39 *
01/21/93 14:38:24 18.43 *
01/21/93 14:38:39 18.43 *
01/21/93 14:38:54 18.53 *
01/21/93 14:39:09 18.53 *
01/21/93 14:39:24 18.55 *
01/21/93 14:39:39 18.59 *
01/21/93 14:39:54 18.66 *
01/21/93 14:40:09 18.71 *
01/21/93 14:40:24 18.71 *
01/21/93 14:40:39 18.73 *
01/21/93 14:40:54 18.78 *
01/21/93 14:41:09 18.85 *
01/21/93 14:41:24 18.85 *
01/21/93 14:41:39 18.89 *
01/21/93 14:41:54 18.96 *
01/21/93 14:42:09 18.99 *
01/21/93 14:42:24 19.03 *
01/21/93 14:42:39 19.06 *
01/21/93 14:42:54 19.10 *
01/21/93 14:43:09 19.15 *
01/21/93 14:43:24 19.19 *
01/21/93 14:43:39 19.17 *
01/21/93 14:43:54 19.24 *
01/21/93 14:44:09 19.29 *
01/21/93 14:44:24 19.26 *
01/21/93 14:44:39 19.31 *
01/21/93 14:44:54 19.38 *
01/21/93 14:45:09 19.40 *
01/21/93 14:45:24 19.40 *
01/21/93 14:45:39 19.47 *
01/21/93 14:45:54 19.49 *
01/21/93 14:46:09 19.52 *
01/21/93 14:46:24 19.56 *
01/21/93 14:46:39 19.56 *
01/21/93 14:46:54 19.56 *
01/21/93 14:47:09 19.61 *
01/21/93 14:47:24 19.66 *
01/21/93 14:47:39 19.70 *
01/21/93 14:47:54 19.72 *
01/21/93 14:48:09 19.70 *
01/21/93 14:48:24 19.75 *



01/21/93 14M8:39 19.82 *
01/21/93 14:48:54 19.84 *
01/21/93 14:49:09 19.82 *
01/21/93 14:49:24 19.86 *
01/21/93 14:49:39 19.89 *
01/21/93 14:49:54 19.91 *
01/21/93 14:50:09 19.93 *
01/21/93 14:50:24 20.00 *
01/21/93 14:50:39 19.98 *
01/21/93 14:50:54 20.00 *
01/21/93 14:51:09 20.07 *
01/21/93 14:51:24 20.12 *
01/21/93 14:51:39 20.09 *
01/21/93 14:51:54 20.12 *
01/21/93 14:52:09 20.19 *
01/21/93 14:52:24 20.16 *
01/21/93 14:52:39 20.19 *
01/21/93 14:52:54 20.21 *
01/21/93 14:53:09 20.28 *
01/21/93 14:53:24 20.30
01/21/93 14:53:39 20.32
01/21/93 14:53:54 20.30
01/21/93 14:54:09 20.32
01/21/93 14:54:24 20.39
01/21/93 14:54:39 20.37
01/21/93 14:54:54 20.39
01/21/93 14:55:09 20.44
01/21/93 14:55:24 20.49 *
01/21/93 14:55:39 20.44 *
01/21/93 14:55:54 20.51 *
01/21/93 14:56:09 20.49 *
01/21/93 14:56:24 20.51 *
01/21/93 14:56:39 20.58 *
01/21/93 14:56:54 20.56 *
01/21/93 14:57:09 20.62 *
01/21/93 14:57:24 20.65 *
01/21/93 14:57:39 20.62 *
01/21/93 14:57:54 20.67 *
01/21/93 14:58:09 20.69 *
01/21/93 14:58:24 20.72 *
01/21/93 14:58:39 20.72 *
01/21/93 14:58:54 20.72 *
01/21/93 14:59:09 20.74 *
01/21/93 14:59:24 20.76 *
01/21/93 14:59:39 20.81 *
01/21/93 14:59:54 20.81 *
01/21/93 15:00:09 20.83 *
01/21/93 15:00:24 20.86 *
01/21/93 15:00:39 20.88 *
01/21/93 15:00:54 20.88 *
01/21/93 15:01:09 20.90 *
01/21/93 15:01:24 20.92 *
01/21/93 15:01:39 20.95 *
01/21/93 15:01:54 20.95 *
01/21/93 15:02:09 20.97 *
01/21/93 15:02:24 20.99 *
01/21/93 15:02:39 21.02 *
01/21/93 15:02:54 21.04 *
01/21/93 15:03:09 21.04 *
01/21/93 15:03:24 21.06 *



01/21/93 15:03:39 21.06 *
01/21/93 15:03:54 21.09 *
01/21/93 15:04:09 21.11 *
01/21/93 15:04:24 21.11 *
01/21/93 15:04:39 21.13 *
01/21/93 15:04:54 21.16 *
01/21/93 15:05:09 21.16 *
01/21/93 15:05:24 21.18 *
01/21/93 15:05:39 21.18 *
01/21/93 15:05:54 21.20 *
01/21/93 15:06:09 21.22 *
01/21/93 15:06:24 21.22 *
01/21/93 15:06:39 21.25 *
01/21/93 15:06:54 21.25 *
01/21/93 15:07:09 21.27 *
01/21/93 15:07:24 21.29 *
01/21/93 15:07:39 21.29 *
01/21/93 15:07:54 21.32 *
01/21/93 15:08:09 21.32 *
01/21/93 15:08:24 21.32 *
01/21/93 15:08:39 21.34 *
01/21/93 15:08:54 21.36 *
01/21/93 15:09:09 21.36 *
01/21/93 15:09:24 21.41
01/21/93 15:09:39 21.41
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Saved Recorder Status | MONITORING DATA
Type: 2109-10 Range: 0.00 - 23.60 feet Recorder ID: 0002

Time at Recorder: 01/21/93 18:48:42 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm § 0.09 is OFF Upper alarm @ 23.53 is OFF

Averaging period: 00:00:15 Amount of data recorded: 03:15:15
Storage Capacity: 6512 values records: 1 day 03:08:00

Output compressed by a factor of 1

Date Time Avg

01/21/93 15:33:14 0.81 *
01/21/93 15:33:29 0.74 *
01/21/93 15:33:44 1.41 *
01/21/93 15:33:59 1.75 *
01/21/93 15:34:14 1.85 *
01/21/93 15:34:29 1.94 *
01/21/93 15:34:44 1.98 *
01/21/93 15:34:59 2.08 *
01/21/93 15:35:14 2.15 *
01/21/93 15:35:29 2.21 *
01/21/93 15:35:44 2.28 *
01/21/93 15:35:59 2.33 *
01/21/93 15:36:14 2.38 *
01/21/93 15:36:29 2.47 *
01/21/93 15:36:44 2.56 *
01/21/93 15:36:59 2.65 *
01/21/93 15:37:14 2.70 *
01/21/93 15:37:29 2.77 *
01/21/93 15:37:44 2.84 *
01/21/93 15:37:59 2.91 *
01/21/93 15:38:14 3.00 *
01/21/93 15:38:29 3.05 *
01/21/93 15:38:44 3.11 *
01/21/93 15:38:59 3.16 *
01/21/93 15:39:14 3.21 *
01/21/93 15:39:29 3.28 *
01/21/93 15:39:44 3.35 *
01/21/93 15:39:59 3.46 *
01/21/93 15:40:14 3.48 *
01/21/93 15:40:29 3.55 *
01/21/93 15:40:44 3.62 *
01/21/93 15:40:59 3.69 *
01/21/93 15:41:14 3.76 *
01/21/93 15:41:29 3.83 *
01/21/93 15:41:44 3.90 *
01/21/93 15:41:59 3.97 *
01/21/93 15:42:14 4.04 *
01/21/93 15:42:29 4.11 *
01/21/93 15:42:44 4.15
01/21/93 15:42:59 4.22
01/21/93 15:43:14 4.29
01/21/93 15:43:29 4.36
01/21/93 15:43:44 4.43
01/21/93 15:43:59 4.50 *
01/21/93 15:44:14 4.54 *
01/21/93 15:44:29 4.59 *
01/21/93 15:44:44 4.64 *



01/21/93 15:45:14 4.75 *
01/21/93 15:45:29 4.82 *
01/21/93 15:45:44 4.89 *
01/21/93 15:45:59 4.96 . *
01/21/93 15:46:14 5.03 *
01/21/93 15:46:29 5.08 *
01/21/93 15:46:44 5.14 *
01/21/93 15:46:59 5.21 *
01/21/93 15:47:14 5.26 *
01/21/93 15:47:29 5.33 *
01/21/93 15:47:44 5.38 *
01/21/93 15:47:59 5.44 *
01/21/93 15:48:14 5.51 *
01/21/93 15:48:29 5.56 *
01/21/93 15:48:44 5.63 *
01/21/93 15:48:59 5.68 *
01/21/93 15:49:14 5.77 *
01/21/93 15:49:29 5.79 *
01/21/93 15:49:44 5.86 *
01/21/93 15:49:59 5.93 *
01/21/93 15:50:14 6.02 *
01/21/93 15:50:29 6.04 *
01/21/93 15:50:44 6.09 *
01/21/93 15:50:59 6.16 *
01/21/93 15:51:14 6.21 *
01/21/93 15:51:29 6.28 *
01/21/93 15:51:44 6.32 *
01/21/93 15:51:59 6.44 *
01/21/93 15:52:14 6.44 *
01/21/93 15:52:29 6.55 *
01/21/93 15:52:44 6.55 *
01/21/93 15:52:59 6.62 *
01/21/93 15:53:14 6.71 *
01/21/93 15:53:29 6.78 • *
01/21/93 15:53:44 6.83 *
01/21/93 15:53:59 6.87 *
01/21/93 15:54:14 6.90 *
01/21/93 15:54:29 6.97 *
01/21/93 15:54:44 7.01 *
01/21/93 15:54:59 7.06 *
01/21/93 15:55:14 7.13 *
01/21/93 15:55:29 7.17 *
01/21/93 15:55:44 7.24 *
01/21/93 15:55:59 7.29 *
01/21/93 15:56:14 7.34 *
01/21/93 15:56:29 7.38 *
01/21/93 15:56:44 7.45 *
01/21/93 15:56:59 7.50 *
01/21/93 15:57:14 7.54 *
01/21/93 15:57:29 7.61 *
01/21/93 15:57:44 7.66 *
01/21/93 15:57:59 7.71 *
01/21/93 15:58:14 7.77 *
01/21/93 15:58:29 7.82 *
01/21/93 15:58:44 7.87 *
01/21/93 15:58:59 7.91 *
01/21/93 15:59:14 7.98 *
01/21/93 15:59:29 8.03 *
01/21/93 15:59:44 8.07 *



01/21/93 15:59:59 8.12 *
01/21/93 16:00:14 8.19 *
01/21/93 16:00:29 8.24 *
01/21/93 16:00:44 8.28 *
01/21/93 16:00:59 8.33 *
01/21/93 16:01:14 8.40 *
01/21/93 16:01:29 8.44 *
01/21/93 16:01:44 8.49 *
01/21/93 16:01:59 8.54 *
01/21/93 16:02:14 8.58 *
01/21/93 16:02:29 8.63 *
01/21/93 16:02:44 8.70 *
01/21/93 16:02:59 8.74 *
01/21/93 16:03:14 8.79 *
01/21/93 16:03:29 8.84 *
01/21/93 16:03:44 8.88 *
01/21/93 16:03:59 8.95 *
01/21/93 16:04:14 8.97 *
01/21/93 16:04:29 9.04 *
01/21/93 16:04:44 9.09 *
01/21/93 16:04:59 9.14 *
01/21/93 16:05:14 9.18 *
01/21/93 16:05:29 9.23 *
01/21/93 16:05:44 9.27 *
01/21/93 16:05:59 9.32
01/21/93 16:06:14 9.37
01/21/93 16:06:29 9.41
01/21/93 16:06:44 9.46
01/21/93 16:06:59 9.50
01/21/93 16:07:14 9.57
01/21/93 16:07:29 9.62
01/21/93 16:07:44 .9.64 *
01/21/93 16:07:59 9.69 *
01/21/93 16:08:14 9.76
01/21/93 16:08:29 9.78
01/21/93 16:08:44 9.85
01/21/93 16:08:59 9.90
01/21/93 16:09:14 9.94
01/21/93 16:09:29 9.99
01/21/93 16:09:44 10.04 *
01/21/93 16:09:59 10.08 *
01/21/93 16:10:14 10.13 *
01/21/93 16:10:29 10.15 *
01/21/93 16:10:44 10.20 *
01/21/93 16:10:59 10.24 *
01/21/93 16:11:14 10.31 *
01/21/93 16:11:29 10.34 *
01/21/93 16:11:44 10.40 *
01/21/93 16:11:59 10.43 *
01/21/93 16:12:14 10.47 *
01/21/93 16:12:29 10.52 *
01/21/93 16:12:44 10.57 *
01/21/93 16:12:59 10.61 *
01/21/93 16:13:14 10.66 *
01/21/93 16:13:29 10.70 *
01/21/93 16:13:44 10.73 *
01/21/93 16:13:59 10.77 *
01/21/93 16:14:14 10.82 *
01/21/93 16:14:29 10.87 *
01/21/93 16:14:44 10.91 *



01/21/93 16:14:59 10.96
01/21/93 16:15:14 11.00
01/21/93 16:15:29 11.03
01/21/93 16:15:44 11.07
01/21/93 16:15:59 11.12
01/21/93 16:16:14 11.17
01/21/93 16:16:29 11.21
01/21/93 16:16:44 11.26
01/21/93 16:16:59 11.28
01/21/93 16:17:14 11.35
01/21/93 16:17:29 11.37
01/21/93 16:17:44 11.42
01/21/93 16:17:59 11.47
01/21/93 16:18:14 11.49
01/21/93 16:18:29 11.53
01/21/93 16:18:44 11.58
01/21/93 16:18:59 11.63
01/21/93 16:19:14 11.67
01/21/93 16:19:29 11.70
01/21/93 16:19:44 11.74
01/21/93 16:19:59 11.79
01/21/93 16:20:14 11.83
01/21/93 16:20:29 11.88
01/21/93 16:20:44 11.90
01/21/93 16:20:59 11.95
01/21/93 16:21:14 12.00
01/21/93 16:21:29 12.02
01/21/93 16:21:44 12.07
01/21/93 16:21:59 12.11
01/21/93 16:22:14 12.16
01/21/93 16:22:29 12.18
01/21/93 16:22:44 12.23
01/21/93 16:22:59 12.27
01/21/93 16:23:14 12.30
01/21/93 16:23:29 12.34
01/21/93 16:23:44 12.39
01/21/93 16:23:59 12.41
01/21/93 16:24:14 12.46
01/21/93 16:24:29 12.50
01/21/93 16:24:44 12.53
01/21/93 16:24:59 12.57
01/21/93 16:25:14 12.60
01/21/93 16:25:29 12.64
01/21/93 16:25:44 12.69
01/21/93 16:25:59 12.71
01/21/93 16:26:14 12.76
01/21/93 16:26:29 12.78
01/21/93 16:26:44 12.83
01/21/93 16:26:59 12.87
01/21/93 16:27:14 12.90
01/21/93 16:27:29 12.94
01/21/93 16:27:44 12.97
01/21/93 16:27:59 13.01
01/21/93 16:28:14 13.03
01/21/93 16:28:29 13.08
01/21/93 16:28:44 13.10
01/21/93 16:28:59 13.15
01/21/93 16:29:14 13.20
01/21/93 16:29:29 13.22
01/21/93 16:29:44 13.27

*
*
*

*
*

*
*

*
*
*
*
*

*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*

*
*
*
*
*



01/21/93 16:29:59 13.29 *
01/21/93 16:30:14 13.33 *
01/21/93 16:30:29 13.38 *
01/21/93 16:30:44 13.40 *
01/21/93 16:30:59 13.45 *
01/21/93 16:31:14 13.47 *
01/21/93 16:31:29 13.52 *
01/21/93 16:31:44 13.54 *
01/21/93 16:31:59 13.57
01/21/93 16:32:14 13.61 *
01/21/93 16:32:29 13.66 *
01/21/93 16:32:44 13.68 *
01/21/93 16:32:59 13.70 *
01/21/93 16:33:14 13.75 *
01/21/93 16:33:29 13.77 *
01/21/93 16:33:44 13.82 *
01/21/93 16:33:59 13.84 *
01/21/93 16:34:14 13.87 *
01/21/93 16:34:29 13.91 *
01/21/93 16:34:44 13.96 *
01/21/93 16:34:59 13.98 *
01/21/93 16:35:14 14.03
01/21/93 16:35:29 14.05
01/21/93 16:35:44 14.07
01/21/93 16:35:59 14.12
01/21/93 16:36:14 14.14
01/21/93 16:36:29 14.16
01/21/93 16:36:44 14.21
01/21/93 16:36:59 14.23
01/21/93 16:37:14 14.28
01/21/93 16:37:29 14.30 *
01/21/93 16:37:44 14.35 *
01/21/93 16:37:59 14.37 *
01/21/93 16:38:14 14.40 *
01/21/93 16:38:29 14.42 *
01/21/93 16:38:44 14.46 *
01/21/93 16:38:59 14.49 *
01/21/93 16:39:14 14.53 *
01/21/93 16:39:29 14.56 *
01/21/93 16:39:44 14.60 *
01/21/93 16:39:59 14.63 *
01/21/93 16:40:14 14.65 *
01/21/93 16:40:29 14.70 *
01/21/93 16:40:44 14.70 *
01/21/93 16:40:59 14.76 *
01/21/93 16:41:14 14.76 *
01/21/93 16:41:29 14.81 *
01/21/93 16:41:44 14.83 . *
01/21/93 16:41:59 14.86 *
01/21/93 16:42:14 14.90 *
01/21/93 16:42:29 14.93 *
01/21/93 16:42:44 14.95 *
01/21/93 16:42:59 14.97 *
01/21/93 16:43:14 15.00 *
01/21/93 16:43:29 15.04 *
01/21/93 16:43:44 15.06 *
01/21/93 16:43:59 15.09 *
01/21/93 16:44:14 15.13 *
01/21/93 16:44:29 15.16 *
01/21/93 16:44:44 15.18 *



Or/21/9 3
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93

16:44:59
16:45:14
16:45:29
16:45:44
16:45:59
16:46:14
16:46:29
16:46:44
16:46:59
16:47:14
16:47:29
16:47:44
16:47:59
16:48:14
16:48:29
16:48:44
16:48:59
16:49:14
16:49:29
16:49:44
16:49:59
16:50:14
16:50:29
16:50:44
16:50:59
16:51:14
16:51:29
16:51:44
16:51:59
16:52:14
16:52:29
16:52:44
16:52:59
16:53:14
16:53:29
16:53:44
16:53:59
16:54:14
16:54:29
16:54:44
16:54:59
16:55:14
16:55:29
16:55:44
16:55:59
16:56:14
16:56:29
16:56:44
16:56:59
16:57:14
16:57:29
16:57:44
16:57:59
16:58:14
16:58:29
16:58:44
16:58:59
16:59:14
16:59:29
16:59:44

15.20
15.23
15.27
15.30
15.32
15.36
15.39
15.41
15.43
15.46
15.50
15.53
15.57
15.60
15.62
15.64
15.66
15.69
15.73
15.76
15.78
15.80
15.83
15.87
15.90
15.92
15.94
15.96
15.99
16.01
16.03
16.06
16.10
16.13
16.15
16.17
16.20
16.24
16.24
16.29
16.31
16.33
16.36
16.38
16.40
16.43
16.45
16.50
16.52
16.54
16.54
16.56
16.61
16.61
16.63
16.68
16.70
16.73
16.75
16.77
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*
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*
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*
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*

*
*



01/21/93 16:59:59 16.79 *
01/21/93 17:00:14 16.82 *
01/21/93 17:00:29 16.84 *
01/21/93 17:00:44 16.86 *
01/21/93 17:00:59 16.89 *
01/21/93 17:01:14 16.91 *
01/21/93 17:01:29 16.93 *
01/21/93 17:01:44 16.96 *
01/21/93 17:01:59 16.98 *
01/21/93 17:02:14 17.00 *
01/21/93 17:02:29 17.03 *
01/21/93 17:02:44 17.05 *
01/21/93 17:02:59 17.07 *
01/21/93 17:03:14 17.09 *
01/21/93 17:03:29 17.12 *
01/21/93 17:03:44 17.14 *
01/21/93 17:03:59 17.16 *
01/21/93 17:04:14 17.19 *
01/21/93 17:04:29 17.21 . *
01/21/93 17:04:44 17.23 *
01/21/93 17:04:59 17.26 *
01/21/93 17:05:14 17.28 *
01/21/93 17:05:29 17.30 *
01/21/93 17:05:44 17.33 *
01/21/93 17:05:59 17.35 *
01/21/93 17:06:14 17.35 *
01/21/93 17:06:29 17.37 *
01/21/93 17:06:44 17.39 *
01/21/93 17:06:59 17.42 *
01/21/93 17:07:14 17.44 *
01/21/93 17:07:29 17.46 *
01/21/93 17:07:44 17.49 *
01/21/93 17:07:59 17.51 *
01/21/93 17:08:14 17.53 *
01/21/93 17:08:29 17.53 *
01/21/93 17:08:44 17.56 *
01/21/93 17:08:59 17.58 *
01/21/93 17:09:14 17.60 *
01/21/93 17:09:29 17.63 *
01/21/93 17:09:44 17.65 *
01/21/93 17:09:59 17.67 *
01/21/93 17:10:14 17.72 *
01/21/93 17:10:29 17.72 *
01/21/93 17:10:44 17.74 *
01/21/93 17:10:59 17.76 *
01/21/93 17:11:14 17.76 *
01/21/93 17:11:29 17.81 *
01/21/93 17:11:44 17.81 *
01/21/93 17:11:59 17.83 *
01/21/93 17:12:14 17.86 *
01/21/93 17:12:29 17.88 *
01/21/93 17:12:44 17.90 *
01/21/93 17:12:59 17.93 *
01/21/93 17:13:14 17.95 *
01/21/93 17:13:29 17.97 *
01/21/93 17:13:44 17.99 *
01/21/93 17:13:59 17.99 *
01/21/93 17:14:14 18.02 *
01/21/93 17:14:29 18.04 *
01/21/93 17:14:44 18.04 *



Of/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93

17 :14 : 59
17:15:14
17:15:29
17:15:44
17:15:59
17:16:14
17:16:29
17:16:44
17:16:59
17:17:14
17:17:29
17:17:44
17:17:59
17:18:14
17:18:29
17:18:44
17:18:59
17:19:14
17:19:29
17:19:44
17:19:59
17:20:14
17:20:29
17:20:44
17:20:59
17:21:14
17:21:29
17:21:44
17:21:59
17:22:14
17:22:29
17:22:44
17:22:59
17:23:14
17:23:29
17:23:44
17:23:59
17:24:14
17:24:29
17:24:44
17:24:59
17:25:14
17:25:29
17:25:44
17:25:59
17:26:14
17:26:29
17:26:44
17:26:59
17:27:14
17:27:29
17:27:44
17:27:59
17:28:14
17:28:29
17:28:44
17:28:59
17:29:14
17:29:29
17:29:44

18.06
18.11
18.13
18.16
18.13
18.18
18.20
18.18
18.20
18.27
18.27
18.25
18.32
18.27
18.29
18.36

•18.39
18.34
18.41
18.46
18.41
18.41
18.48
18.46
18.53
18.48
18.50
18.57
18.55
18.62
18.62
18.64
18.66
18.62
18.69
18.66
18.73
18.73
18.76
18.73
18.73
18.76
18.83
18.78
18.85
18.87
18.89
18.85
18.87
18.94
18.94
18.96
18.92
18.94
19.01
18.96
19.03
19.06
19.01
19.08
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*
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*
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*

*
*

*
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01/21/93 17:29:59 19.06 *
01/21/93 17:30:14 19.06 *
01/21/93 17:30:29 19.13 *
01/21/93 17:30:44 19.13 *
01/21/93 17:30:59 19.15 *
01/21/93 17:31:14 19.13 *
01/21/93 17:31:29 19.17 *
01/21/93 17:31:44 19.15 *
01/21/93 17:31:59 19.19 *
01/21/93 17:32:14 19.22 *
01/21/93 17:32:29 19.22 *
01/21/93 17:32:44 19.24 *
01/21/93 17:32:59 19.26 *
01/21/93 17:33:14 19.29 *
01/21/93 17:33:29 19.29 *
01/21/93 17:33:44 19.31 *
01/21/93 17:33:59 19.33 *
01/21/93 17:34:14 19.33 *
01/21/93 17:34:29 19.36
01/21/93 17:34:44 19.38
01/21/93 17:34:59 19.38
01/21/93 17:35:14 19.40
01/21/93 17:35:29 19.40
01/21/93 17:35:44 19.42
01/21/93 17:35:59 19.45
01/21/93 17:36:14 19.45 *
01/21/93 17:36:29 19.47 *
01/21/93 17:36:44 19.47 *
01/21/93 17:36:59 19.49 *
01/21/93 17:37:14 19.52 *
01/21/93 17:37:29 19.52 *
01/21/93 17:37:44 19.52 *
01/21/93 17:37:59 19.54 *
01/21/93 17:38:14 19.56 *
01/21/93 17:38:29 19.56 *
01/21/93 17:38:44 19.59 *
01/21/93 17:38:59 19.59 *
01/21/93 17:39:14 19.61 *
01/21/93 17:39:29 19.63 *
01/21/93 17:39:44 19.63 *
01/21/93 17:39:59 19.66 *
01/21/93 17:40:14 19.66 *
01/21/93 17:40:29 19.68 *
01/21/93 17:40:44 19.68 *
01/21/93 17:40:59 19.70 *
01/21/93 17:41:14 19.70
01/21/93 17:41:29 19.72
01/21/93 17:41:44 19.72
01/21/93 17:41:59 19.75
01/21/93 17:42:14 19.75
01/21/93 17:42:29 19.77
01/21/93 17:42:44 19.79 *
01/21/93 17:42:59 19.79 *
01/21/93 17:43:14 19.82 *
01/21/93 17:43:29 19.82 *
01/21/93 17:43:44 19.84 *
01/21/93 17:43:59 19.84 *
01/21/93 17:44:14 19.86 *
01/21/93 17:44:29 19.86 *
01/21/93 17:44:44 19.89 *



01721/93 17:44:59 19.91 *
01/21/93 17:45:14 19.91 *
01/21/93 17:45:29 19.93 *
01/21/93 17:45:44 19.93 *
01/21/93 17:45:59 19.93 *
01/21/93 17:46:14 19.96 *
01/21/93 17:46:29 19.98 *
01/21/93 17:46:44 19.98 *
01/21/93 17:46:59 19.98 *
01/21/93 17:47:14 20.00 *
01/21/93 17:47:29 20.00 *
01/21/93 17:47:44 20.02 *
01/21/93 17:47:59 20.05 *
01/21/93 17:48:14 20.05 *
01/21/93 17:48:29 20.05 *
01/21/93 17:48:44 20.07 *
01/21/93 17:48:59 20.09
01/21/93 17:49:14 20.09
01/21/93 17:49:29 20.12
01/21/93 17:49:44 20.12
01/21/93 17:49:59 20.14
01/21/93 17:50:14 20.12
01/21/93 17:50:29 20.14
01/21/93 17:50:44 20.14
01/21/93 17:50:59 20.16 *
01/21/93 17:51:14 20.16 *
01/21/93 17:51:29 20.19 *
01/21/93 17:51:44 20.19 *
01/21/93 17:51:59 20.21 *
01/21/93 17:52:14 20.21 *
01/21/93 17:52:29 20.23 *
01/21/93 17:52:44 20.23 *
01/21/93 17:52:59 20.26 *
01/21/93 17:53:14 20.26 *
01/21/93 17:53:29 20.26 *
01/21/93 17:53:44 20.28 *
01/21/93 17:53:59 20.30 *
01/21/93 17:54:14 20.30 *
01/21/93 17:54:29 20.32 *
01/21/93 17:54:44 20.32 *
01/21/93 17:54:59 20.32 *
01/21/93 17:55:14 20.35 *
01/21/93 17:55:29 20.37 *
01/21/93 17:55:44 20.35 *
01/21/93 17:55:59 20.37 *
01/21/93 17:56:14 20.39 *
01/21/93 17:56:29 20.39 *
01/21/93 17:56:44 20.39 *
01/21/93 17:56:59 20.42 *
01/21/93 17:57:14 20.42 *
01/21/93 17:57:29 20.44 *
01/21/93 17:57:44 20.44 *
01/21/93 17:57:59 20.44 *
01/21/93 17:58:14 20.46 *
01/21/93 17:58:29 20.46 *
01/21/93 17:58:44 20.49 *
01/21/93 17:58:59 20.49 *
01/21/93 17:59:14 20.49 *
01/21/93 17:59:29 20.51 *
01/21/93 17:59:44 20.51 *



01/21/93 17:59:59 20.53 *
01/21/93 18:00:14 20.53 *
01/21/93 18:00:29 20.56 *
01/21/93 18:00:44 20.56 *
01/21/93 18:00:59 20.58 *
01/21/93 18:01:14 20.56 *
01/21/93 18:01:29 20.56 *
01/21/93 18:01:44 20.58 *
01/21/93 18:01:59 20.58 *
01/21/93 18:02:14 20.58 *
01/21/93 18:02:29 20.60 *
01/21/93 18:02:44 20.60 *
01/21/93 18:02:59 20.62 *
01/21/93 18:03:14 20.62 *
01/21/93 18:03:29 20.65 *
01/21/93 18:03:44 20.65 *
01/21/93 18:03:59 20.65 *
01/21/93 18:04:14 20.65 *
01/21/93 18:04:29 20.67 *
01/21/93 18:04:44 20.67 *
01/21/93 18:04:59 20.69 *
01/21/93 18:05:14 20.69 *
01/21/93 18:05:29 20.69 *
01/21/93 18:05:44 20.69 *
01/21/93 18:05:59 20.72 *
01/21/93 18:06:14 20.72 *
01/21/93 18:06:29 20.74 *
01/21/93 18:06:44 20.74 *
01/21/93 18:06:59 20.74 *
01/21/93 18:07:14 20.76 *
01/21/93 18:07:29 20.76 *
01/21/93 18:07:44 20.79 *
01/21/93 18:07:59 20.79 *
01/21/93 18:08:14 20.79 *
01/21/93 18:08:29 20.81
01/21/93 18:08:44 20.81
01/21/93 18:08:59 20.81
01/21/93 18:09:14 20.83
01/21/93 18:09:29 20.83
01/21/93 18:09:44 20.83 *
01/21/93 18:09:59 20.86 *
01/21/93 18:10:14 20.86 *
01/21/93 18:10:29 20.86 *
01/21/93 18:10:44 20.88 *
01/21/93 18:10:59 20.88 *
01/21/93 18:11:14 20.88
01/21/93 18:11:29 20.90
01/21/93 18:11:44 20.90
01/21/93 18:11:59 20.90
01/21/93 18:12:14 20.90
01/21/93 18:12:29 20.92
01/21/93 18:12:44 20.92
01/21/93 18:12:59 20.92
01/21/93 18:13:14 20.95
01/21/93 18:13:29 20.95
01/21/93 18:13:44 20.95 *
01/21/93 18:13:59 20.95 *
01/21/93 18:14:14 20.97 *
01/21/93 18:14:29 20.97 *
01/21/93 18:14:44 20.97 *



01721/93 18:14:59 20.99
01/21/93 18:15:14 20.99
01/21/93 18:15:29 21.02 *
01/21/93 18:15:44 21.04
01/21/93 18:15:59 21.02
01/21/93 18:16:14 21.04 ^
01/21/93 18:16:29 21.04 *
01/21/93 18:16:44 21.04
01/21/93 18:16:59 21.04
01/21/93 18:17:14 21.06 n
01/21/93 18:17:29 21.06
01/21/93 18:17:44 21.09
01/21/93 18:17:59 21.06 *
01/21/93 18:18:14 21.09
01/21/93 18:18:29 21.09
01/21/93 18:18:44 21.11
01/21/93 18:18:59 21.11
01/21/93 18:19:14 21.11 *
01/21/93 18:19:29 21.11
01/21/93 18:19:44 21.13
01/21/93 18:19:59 21.13
01/21/93 18:20:14 21.16
01/21/93 18:20:29 21.13
01/21/93 18:20:44 21.16 *
01/21/93 18:20:59 21.18 *
01/21/93 18:21:14 21.16
01/21/93 18:21:29 21.16
01/21/93 18:21:44 21.18 k
01/21/93 18:21:59 21.18
01/21/93 18:22:14 21.18
01/21/93 18:22:29 21.18 t
01/21/93 18:22:44 21.20
01/21/93 18:22:59 21.20
01/21/93 18:23:14 21.20 f
01/21/93 18:23:29 21.22 t
01/21/93 18:23:44 21.25
01/21/93 18:23:59 21.22
01/21/93 18:24:14 21.25
01/21/93 18:24:29 21.25
01/21/93 18:24:44 21.25
01/21/93 18:24:59 21.27
01/21/93 18:25:14 21.27
01/21/93 18:25:29 21.27
01/21/93 18:25:44 21.29
01/21/93 18:25:59 21.29
01/21/93 18:26:14 21.27
01/21/93 18:26:29 21.27
01/21/93 18:26:44 21.29
01/21/93 18:26:59 21.29
01/21/93 18:27:14 21.32
01/21/93 18:27:29 21.32
01/21/93 18:27:44 21.32
01/21/93 18:27:59 21.32
01/21/93 18:28:14 21.32
01/21/93 18:28:29 21.32
01/21/93 18:28:44 21.34
01/21/93 18:28:59 21.34
01/21/93 18:29:14 21.34
01/21/93 18:29:29 21.34
01/21/93 18:29:44 21.34



01/21/93 18:29:59 21.36
01/21/93 18:30:14 21.36
01/21/93 18:30:29 21.39
01/21/93 18:30:44 21.39
01/21/93 18:30:59 21.39
01/21/93 18:31:14 21.36
01/21/93 18:31:29 21.41
01/21/93 18:31:44 21.41
01/21/93 18:31:59 21.36
01/21/93 18:32:14 21.43
01/21/93 18:32:29 21.39
01/21/93 18:32:44 21.39
01/21/93 18:32:59 21.41
01/21/93 18:33:14 21.46
01/21/93 18:33:29 21.46
01/21/93 18:33:44 21.41
01/21/93 18:33:59 21.41
01/21/93 18:34:14 21.46
01/21/93 18:34:29 21.48
01/21/93 18:34:44 21.43 >
01/21/93 18:34:59 21.48 *
01/21/93 18:35:14 21.50
01/21/93 18:35:29 21.50
01/21/93 18:35:44 21.46 *
01/21/93 18:35:59 21.46 *
01/21/93 18:36:14 21.46 "
01/21/93 18:36:29 21.46 *
01/21/93 18:36:44 21.50
01/21/93 18:36:59 21.52
01/21/93 18:37:14 21.48 "
01/21/93 18:37:29 21.52
01/21/93 18:37:44 21.55
01/21/93 18:37:59 21.55
01/21/93 18:38:14 21.55
01/21/93 18:38:29 21.55
01/21/93 18:38:44 21.55
01/21/93 18:38:59 21.50
01/21/93 18:39:14 21.50
01/21/93 18:39:29 21.50
01/21/93 18:39:44 21.57
01/21/93 18:39:59 21.52
01/21/93 18:40:14 21.59
01/21/93 18:40:29 21.52
01/21/93 18:40:44 21.52
01/21/93 18:40:59 21.59
01/21/93 18:41:14 21.59
01/21/93 18:41:29 21.59
01/21/93 18:41:44 21.55
01/21/93 18:41:59 21.59
01/21/93 18:42:14 21.62
01/21/93 18:42:29 21.62
01/21/93 18:42:44 21.57
01/21/93 18:42:59 21.62
01/21/93 18:43:14 21.62
01/21/93 18:43:29 21.59
01/21/93 18:43:44 21.59
01/21/93 18:43:59 21.64
01/21/93 18:44:14 21.64
01/21/93 18:44:29 21.59
01/21/93 18:44:44 21.64



Or/21/93 18:44:59 21.59
01/21/93 18:45:14 21.59
01/21/93 18:45:29 21.62
01/21/93 18:45:44 21.66
01/21/93 18:45:59 21.62
01/21/93 18:46:14 21.66
01/21/93 18:46:29 21.62
01/21/93 18:46:44 21.62
01/21/93 18:46:59 21.69
01/21/93 18:47:14 21.66
01/21/93 18:47:29 21.66
01/21/93 18:47:44 21.66
01/21/93 18:47:59 21.66



faEMONITORING DAT*
Recorder JLU:

Saved Recorder Status
Type: 2109-10 Range: 0.00 - 23.60 feet

Time at Recorder: 01/21/93 12:19:17 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved:
Alarm status: Low alarm @ 0.09 is OFF

averages
Upper alarm 8 23.53 is OFF

Averaging period: 00:00:10 Amount of data recorded:
Storage Capacity: 6512 values records: 18:05:20

Output compressed by a factor of 1

00:04:50

Date

01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93
01/21/93

Time Avg

12:14:24
12:14:34
12:14:44
12:14:54
12:15:04
12:15:14
12:15:24
12:15:34
12:15:44
12:15:54
12:16:04
12:16:14
12:16:24
12:16:34
12:16:44
12:16:54
12:17:04
12:17:14
12:17:24
12:17:34
12:17:44
12: IT": 54
12:18:04
12:18:14
12:18:24
12:18:34
12:18:44
12:18:54

9.46
9.46
9.46
9.46
9.46
9.46
9.46
9.46
9.44
9.46
9.46
9.46
9.46
9.46
9.44
9.14 *
8.86 *
8.81 *
8.86
8.86
8.88 *
8.86
8.86
8.86
8.86 *
8.86 *
8.86 *
8.86 *

*
*
*
*
*
*
*
*

*
*
*
*
*
*

*



- Saved Recorder Status
Type: 2109-10 Range: 0.00 - 23.60 feet Recorder ID: 0002

Time at Recorder: 01/21/93 13:03:59 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm @ 0.09 is OFF Upper alarm @ 23.53 is OFF

Averaging period: 00:02:00 Amount of data recorded: 00:38:00
Storage Capacity: 6512 values records: 9 days 01:04:00

Output compressed by a factor of 1

Date Time Avg

01/21/93 12:25:02 8.86 *
01/21/93 12:27:02 8.88 *
01/21/93 12:29:02 8.86 *
01/21/93 12:31:02 8.86 *
01/21/93 12:33:02 8.88 *
01/21/93 12:35:02 8.86 *
01/21/93 12:37:02 8.86 *
01/21/93 12:39:02 8.86 *
01/21/93 12:41:02 8.86 *
01/21/93 12:43:02 8.84 *
01/21/93 12:45:02 8.84 *
01/21/93 12:47:02 8.84 *
01/21/93 12:49:02 8.86 *
01/21/93 12:51:02 8.88 *
01/21/93 12:53:02 8.86 *
01/21/93 12:55:02 8.88 *
01/21/93 12:57:02 8.84 *
01/21/93 12:59:02 8.86 *



fc
M

• MM
Saved Recorder Status ( MONITORING DATA

Type: 2109-10 Range: 0.00 - 23.60 feet Recorder'ID. OOOE
Time at Recorder: 01/21/93 13:12:45 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm @ 0.09 is OFF Upper alarm § 23.53 is OFF

Averaging period: 00:00:01 Amount of data recorded: 00:00:50
Storage Capacity: 6512 values records: 01:48:32

Output compressed by a factor of 1

Date Time Avg

01/21/93 13:11:55
01/21/93 13:11:56
01/21/93 13:11:57
01/21/93 13:11:58
01/21/93 13:11:59
01/21/93 13:12:00
01/21/93 13:12:01
01/21/93 13:12:02
01/21/93 13:12:03
01/21/93 13:12:04
01/21/93 13:12:05
01/21/93 13:12:06
01/21/93 13:12:07
01/21/93 13:12:08
01/21/93 13:12:09
01/21/93 13:12:10
01/21/93 13:12:11
01/21/93 13:12:12
01/21/93 13:12:13
01/21/93 13:12:14
01/21/93 13:12:15
01/21/93 13:12:16
01/21/93 13:12:17
01/21/93 13:12:18
01/21/93 13:12:19
01/21/93 13:12:20
01/21/93 13:12:21
01/21/93 13:12:22
01/21/93 13:12:23
01/21/93 13:12:24
01/21/93 13:12:25
01/21/93 13:12:26
01/21/93 13:12:27
01/21/93 13:12:28
01/21/93 13:12:29
01/21/93 13:12:30
01/21/93 13:12:31
01/21/93 13:12:32
01/21/93 13:12:33
01/21/93 13:12:34
01/21/93 13:12:35
01/21/93 13:12:36
01/21/93 13:12:37
01/21/93 13:12:38
01/21/93 13:12:39
01/21/93 13:12:40
01/21/93 13:12:41

8.79 *
8.88 *
8.74 *
8.84 *
8.79 *
8.95 *
8.81 *
8.79 *
8.93 *
8.86 *
8.88 *
8.79 *
8.88 *
8.70 *
8.91 *
8.91 *
9.09 *
9.41 *
9.55 *
9.60 *
9.60 *
9.48 *
9.44 *
9.50 *
9.48 *
9.48 *
9.53 *
9.55 *
9.50 *
9.48 *
9.53 *
9.50 *
9.46 *
9.44 *
9.46 *
9.46 *
9.48 *
9.46 *
9.44 *
9.44 *
9.48 *
9.48 *
9.48 *
9.44 *
9.44 *
9.44 *
9.44 *



01721/93 13:12:42 9.44 *
01/21/93 13:12:43 9.48 *



(y W" &7D PC.

Saved Recorder Status I MONITORING DATA |
Type: 2109-10 Range: 0.00 - 23.60 feet Recorder lu: o()02

Time at Recorder: 01/21/93 11:58:11 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm @ 0.09 is OFF Upper alarm § 23.53 is OFF

Averaging period: 00:00:30 Amount of data recorded: 02:18:30
Storage Capacity: 6512 values records: 2 days 06:16:00

Output compressed by a factor of 1

Date Time Avg

01/21/93 09:39:32 12.62 *
01/21/93 09:40:02 12.62 *
01/21/93 09:40:32 12.62 *
01/21/93 09:41:02 12.09 *
01/21/93 09:41:32 11.81 *
01/21/93 09:42:02 11.79 *
01/21/93 09:42:32 11.79 *
01/21/93 09:43:02 11.79 *
01/21/93 09:43:32 11.83 *
01/21/93 09:44:02 11.79 *
01/21/93 09:44:32 11.79 *
01/21/93 09:45:02 11.81 *
01/21/93 09:45:32 11.77 *
01/21/93 09:46:02 11.83 *
01/21/93 09:46:32 11.81 *
01/21/93 09:47:02 11.81 *
01/21/93 09:47:32 11.81 *
01/21/93 09:48:02 11.79 *
01/21/93 09:48:32 11.79 *
01/21/93 09:49:02 11.79 *
01/21/93 09:49:32 11.79 *
01/21/93 09:50:02 11.79 *
01/21/93 09:50:32 11.81 *
01/21/93 09:51:02 11.79 *
01/21/93 09:51:32 11.79 *
01/21/93 09:52:02 11.81 *
01/21/93 09:52:32 11.79 *
01/21/93 09:53:02 11.77 *
01/21/93 09:53:32 11.79 *
01/21/93 09:54:02 11.79 *
01/21/93 09:54:32 11.81 *
01/21/93 09:55:02 11.81 *
01/21/93 09:55:32 11.81 *
01/21/93 09:56:02 11.81 *
01/21/93 09:56:32 11.79 ' *
01/21/93 09:57:02 11.79 *
01/21/93 09:57:32 11.83 *
01/21/93 09:58:02 11.79 *
01/21/93 09:58:32 11.77 *
01/21/93 09:59:02 11.81 *
01/21/93 09:59:32 11.79 *
01/21/93 10:00:02 11.79 *
01/21/93 10:00:32 11.79 *
01/21/93 10:01:02 11.83 *
01/21/93 10:01:32 11.79 *
01/21/93 10:02:02 11.83 *
01/21/93 10:02:32 11.79 *



01721/93 10:03:02 11.81 *
01/21/93 10:03:32 11.81 *
01/21/93 10:04:02 11.79 *
01/21/93 10:04:32 11.81 *
01/21/93 10:05:02 11.79 *
01/21/93 10:05:32 11.83 *
01/21/93 10:06:02 11.79 *
01/21/93 10:06:32 11.83 *
01/21/93 10:07:02 11.77 *
01/21/93 10:07:32 11.81 *
01/21/93 10:08:02 11.83 *
01/21/93 10:08:32 11.79 *
01/21/93 10:09:02 11.81 *
01/21/93 10:09:32 11.81 *
01/21/93 10:10:02 11.81 *
01/21/93 10:10:32 11.79 *
01/21/93 10:11:02 11.79 *
01/21/93 10:11:32 11.77 *
01/21/93 10:12:02 11.79 *
01/21/93 10:12:32 11.77 *
01/21/93 10:13:02 11.79 *
01/21/93 10:13:32 11.81 *
01/21/93 10:14:02 11.79 *
01/21/93 10:14:32 11.79 *
01/21/93 10:15:02 11.81 *
01/21/93 10:15:32 11.79 *
01/21/93 10:16:02 11.79 *
01/21/93 10:16:32 11.83 *
01/21/93 10:17:02 11.81 *
01/21/93 10:17:32 11.81 *
01/21/93 10:18:02 11.81 *
01/21/93 10:18:32 11.81 *
01/21/93 10:19:02 11.81 *
01/21/93 10:19:32 11.79 *
01/21/93 10:20:02 11.83 *
01/21/93 10:20:32 11.74 *
01/21/93 10:21:02 11.81 *
01/21/93 10:21:32 11.81 *
01/21/93 10:22:02 11.79 *
01/21/93 10:22:32 11.81 *
01/21/93 10:23:02 11.81 *
01/21/93 10:23:32 11.79 *
01/21/93 10:24:02 11.79 *
01/21/93 10:24:32 11.79 *
01/21/93 10:25:02 11.81 *
01/21/93 10:25:32 11.81 *
01/21/93 10:26:02 11.81 *
01/21/93 10:26:32 11.83 *
01/21/93 10:27:02 11.81 *
01/21/93 10:27:32 11.79 *
01/21/93 10:28:02 11.81 *
01/21/93 10:28:32 11.81 *
01/21/93 10:29:02 11.86 *
01/21/93 10:29:32 11.81 *
01/21/93 10:30:02 11.83 *
01/21/93 10:30:32 11.81 *
01/21/93 10:31:02 11.81 *
01/21/93 10:31:32 11.79 *
01/21/93 10:32:02 11.83 *
01/21/93 10:32:32 11.81 *



01/21/93 10:33:02 11.83 *
01/21/93 10:33:32 11.79 *
01/21/93 10:34:02 11.86 *
01/21/93 10:34:32 11.81 *
01/21/93 10:35:02 11.79 *
01/21/93 10:35:32 11.81 *
01/21/93 10:36:02 11.83 *
01/21/93 10:36:32 11.79 *
01/21/93 10:37:02 11.81 *
01/21/93 10:37:32 11.81 *
01/21/93 10:38:02 11.79 *
01/21/93 10:38:32 11.79 *
01/21/93 10:39:02 11.79 *
01/21/93 10:39:32 11.83 *
01/21/93 10:40:02 11.81 *
01/21/93 10:40:32 11.79 *
01/21/93 10:41:02 11.83 *
01/21/93 10:41:32 11.81 *
01/21/93 10:42:02 11.81 *
01/21/93 10:42:32 11.79 *
01/21/93 10:43:02 11.81 *
01/21/93 10:43:32 11.79 *
01/21/93 10:44:02 11.81 *
01/21/93 10:44:32 11.81 *
01/21/93 10:45:02 11.83 *
01/21/93 10:45:32 11.83 *
01/21/93 10:46:02 11.81 *
01/21/93 10:46:32 11.81 *
01/21/93 10:47:02 11.81 *
01/21/93 10:47:32 11.83 *
01/21/93 10:48:02 11.81 *
01/21/93 10:48:32 11.79 *
01/21/93 10:49:02 11.86 *
01/21/93 10:49:32 11.81 *
01/21/93 10:50:02 11.83 *
01/21/93 10:50:32 11.81 *
01/21/93 10:51:02 11.86 *
01/21/93 10:51:32 11.83 *
01/21/93 10:52:02 11.86 *
01/21/93 10:52:32 11.83 *
01/21/93 10:53:02 11.81 *
01/21/93 10:53:32 11.81 *
01/21/93 10:54:02 11.83 *
01/21/93 10:54:32 11.83 *
01/21/93 10:55:02 11.83 *
01/21/93 10:55:32 11.86 *
01/21/93 10:56:02 11.86 *
01/21/93 10:56:32 11.83 *
01/21/93 10:57:02 11.86 *
01/21/93 10:57:32 11.81 *
01/21/93 10:58:02 11.86 *
01/21/93 10:58:32 11.83 *
01/21/93 10:59:02 11.83 *
01/21/93 10:59:32 11.88 *
01/21/93 11:00:02 11.83 *
01/21/93 11:00:32 11.88 *
01/21/93 11:01:02 11.88 *
01/21/93 11:01:32 11.81 *
01/21/93 11:02:02 11.83 *
01/21/93 11:02:32 11.81 *



J AA; v-> i v* J..L.OO
01/21/93 11:03:32 11.83 *
01/21/93 11:04:02 11.83 *
01/21/93 11:04:32 11.86 *
01/21/93 11:05:02 11.81 *
01/21/93 11:05:32 11.77 *
01/21/93 11:06:02 11.86 *
01/21/93 11:06:32 11.88 *
01/21/93 11:07:02 11.79 *
01/21/93 11:07:32 11.86 *
01/21/93 11:08:02 11.86 *
01/21/93 11:08:32 11.81 *
01/21/93 11:09:02 11.81 *
01/21/93 11:09:32 11.81 *
01/21/93 11:10:02 11.81 *
01/21/93 11:10:32 11.83 *
01/21/93 11:11:02 11.83 *
01/21/93 11:11:32 11.86 *
01/21/93 11:12:02 11.81 *
01/21/93 11:12:32 11.86 *
01/21/93 11:13:02 11.83 *
01/21/93 11:13:32 11.79 *
01/21/93 11:14:02 11.83 *
01/21/93 11:14:32 11.81 *
01/21/93 11:15:02 11.81 *
01/21/93 11:15:32 11.88 *
01/21/93 11:16:02 11.88 *
01/21/93 11:16:32 11.79 *
01/21/93 11:17:02 11.86 *
01/21/93 11:17:32 11.83 *
01/21/93 11:18:02 11.88 *
01/21/93 11:18:32 11.83 *
01/21/93 11:19:02 11.74 *
01/21/93 11:19:32 11.93 *
01/21/93 11:20:02 11.79 *
01/21/93 11:20:32 11.83 *
01/21/93 11:21:02 11.77 *
01/21/93 11:21:32 11.81 *
01/21/93 11:22:02 11.90 *
01/21/93 11:22:32 11.88 *
01/21/93 11:23:02 11.81 *
01/21/93 11:23:32 11.77 *
01/21/93 11:24:02 11.93 *
01/21/93 11:24:32 11.79 *
01/21/93 11:25:02 11.86 *
01/21/93 11:25:32 11.83 *
01/21/93 11:26:02 11.79 *
01/21/93 11:26:32 11.86 *
01/21/93 11:27:02 11.79 *
01/21/93 11:27:32 11.81 *
01/21/93 11:28:02 11.79 *
01/21/93 11:28:32 11.83 *
01/21/93 11:29:02 11.81 *
01/21/93 11:29:32 11.90 *
01/21/93 11:30:02 11.86 *
01/21/93 11:30:32 11.93 *
01/21/93 11:31:02 11.79 *
01/21/93 11:31:32 11.70 *
01/21/93 11:32:02 11.81 *
01/21/93 11:32:32 11.88 *



01/21/93 11:33:02 11.86 *
01/21/93 11:33:32 11.88 *
01/21/93 11:34:02 11.88 *
01/21/93 11:34:32 11.79 *
01/21/93 11:35:02 11.74 *
01/21/93 11:35:32 11.95
01/21/93 11:36:02 11.86 *
01/21/93 11:36:32 11.74 *
01/21/93 11:37:02 11.79 *
01/21/93 11:37:32 11.86 *
01/21/93 11:38:02 11.93
01/21/93 11:38:32 11.72 *
01/21/93 11:39:02 11.81 *
01/21/93 11:39:32 12.00
01/21/93 11:40:02 11.70 *
01/21/93 11:40:32 11.83 *
01/21/93 11:41:02 11.88 *
01/21/93 11:41:32 11.81 *
01/21/93 11:42:02 11.81 *
01/21/93 11:42:32 11.90 *
01/21/93 11:43:02 11.77 *
01/21/93 11:43:32 11.86 *
01/21/93 11:44:02 11.72 *
01/21/93 11:44:32 11.81 *
01/21/93 11:45:02 11.83 *
01/21/93 11:45:32 11.86 *
01/21/93 11:46:02 11.83 *
01/21/93 11:46:32 11.86 *
01/21/93 11:47:02 11.86 *
01/21/93 11:47:32 11.88 *
01/21/93 11:48:02 11.86 *
01/21/93 11:48:32 11.83 *
01/21/93 11:49:02 11.77 *
01/21/93 11:49:32 11.86 *
01/21/93 11:50:02 11.81 *
01/21/93 11:50:32 11.86 *
01/21/93 11:51:02 11.86 *
01/21/93 11:51:32 11.83 *
01/21/93 11:52:02 11.81 *
01/21/93 11:52:32 11.86 *
01/21/93 11:53:02 11.81 *
01/21/93 11:53:32 11.81 *
01/21/93 11:54:02 11.83 *
01/21/93 11:54:32 11.83 *
01/21/93 11:55:02 11.83 *
01/21/93 11:55:32 11.86 *
01/21/93 11:56:02 11.83 *
01/21/93 11:56:32 11.86 *
01/21/93 11:57:02 11.81 *



"" Saved Recorder Status
Type: 2109-10 Range: 0.00 - 23.60 feet Recorder 1LJ! UUU<!

Time at Recorder: 01/21/93 12:07:51 Last Update: 12/02/92 10:32:22
Signal process: Not Applicable
Values being saved: averages
Alarm status: Low alarm @ 0.09 is OFF Upper alarm @ 23.53 is OFF

Averaging period: 00:00:30 Amount of data recorded: 02:28:00
Storage Capacity: 6512 values records: 2 days 06:16:00

Output compressed by a factor of l

Date Time Avg

01/21/93 09:39:32 12.62 *
01/21/93 09:40:02 12.62 *
01/21/93 09:40:32 12.62 *
01/21/93 09:41:02 12.09 • *
01/21/93 09:41:32 11.81 *
01/21/93 09:42:02 11.79 *
01/21/93 09:42:32 11.79 *
01/21/93 09:43:02 11.79 *
01/21/93 09:43:32 11.83 *
01/21/93 09:44:02 11.79 *
01/21/93 09:44:32 11.79 *
01/21/93 09:45:02 11.81 *
01/21/93 09:45:32 11.77 *
01/21/93 09:46:02 11.83 *
01/21/93 09:46:32 11.81 *
01/21/93 09:47:02 11.81 *
01/21/93 09:47:32 11.81 *
01/21/93 09:48:02 11.79 *
01/21/93 09:48:32 11.79 *
01/21/93 09:49:02 11.79 *
01/21/93 09:49:32 11.79 *
01/21/93 09:50:02 11.79 *
01/21/93 09:50:32 11.81 *
01/21/93 09:51:02 11.79 *
01/21/93 09:51:32 11.79 *
01/21/93 09:52:02 11.81 *
01/21/93 09:52:32 11.79 *
01/21/93 09:53:02 11.77 *
01/21/93 09:53:32 11.79 *
01/21/93 09:54:02 11.79 *
01/21/93 09:54:32 11.81 *
01/21/93 09:55:02 11.81 *
01/21/93 09:55:32 11.81 *
01/21/93 09:56:02 11.81 *
01/21/93 09:56:32 11.79 *
01/21/93 09:57:02 11.79 *
01/21/93 09:57:32 11.83 *
01/21/93 09:58:02 11.79 *
01/21/93 09:58:32 11.77 *
01/21/93 09:59:02 11.81 *
01/21/93 09:59:32 11.79 *
01/21/93 10:00:02 11.79 *
01/21/93 10:00:32 11.79 *
01/21/93 10:01:02 11.83 *
01/21/93 10:01:32 11.79 *
01/21/93 10:02:02 11.83 *
01/21/93 10:02:32 11.79 *



01/21/93 10:03:02 11.81 *
01/21/93 10:03:32 11.81 *
01/21/93 10:04:02 11.79 *
01/21/93 10:04:32 11.81 *
01/21/93 10:05:02 11.79 *
01/21/93 10:05:32 11.83 *
01/21/93 10:06:02 11.79 *
01/21/93 10:06:32 11.83 *
01/21/93 10:07:02 11.77 *
01/21/93 10:07:32 11.81 *
01/21/93 10:08:02 11.83 *
01/21/93 10:08:32 11.79 *
01/21/93 10:09:02 11.81 *
01/21/93 10:09:32 11.81 *
01/21/93 10:10:02 11.81 *
01/21/93 10:10:32 11.79 *
01/21/93 10:11:02 11.79 *
01/21/93 10:11:32 11.77 *
01/21/93 10:12:02 11.79 *
01/21/93 10:12:32 11.77 *
01/21/93 10:13:02 11.79 *
01/21/93 10:13:32 11.81 *
01/21/93 10:14:02 11.79 *
01/21/93 10:14:32 11.79 *
01/21/93 10:15:02 11.81 *
01/21/93 10:15:32 11.79 *
01/21/93 10:16:02 11.79 *
01/21/93 10:16:32 11.83 *
01/21/93 10:17:02 11.81 *
01/21/93 10:17:32 11.81 *
01/21/93 10:18:02 11.81 *
01/21/93 10:18:32 11.81 *
01/21/93 10:19:02 11.81 *
01/21/93 10:19:32 11.79 *
01/21/93 10:20:02 11.83 *
01/21/93 10:20:32 11.74 *
01/21/93 10:21:02 11.81 *
01/21/93 10:21:32 11.81 *
01/21/93 10:22:02 11.79 *
01/21/93 10:22:32 11.81 *
01/21/93 10:23^02 11.81 *
01/21/93 10:23:32 11.79 *
01/21/93 10:24:02 11.79 *
01/21/93 10:24:32 11.79 *
01/21/93 10:25:02 11.81 *
01/21/93 10:25:32 11.81 *
01/21/93 10:26:02 11.81 *
01/21/93 10:26:32 11.83 *
01/21/93 10:27:02 11.81 *
01/21/93 10:27:32 11.79 *
01/21/93 10:28:02 11.81 *
01/21/93 10:28:32 11.81 *
01/21/93 10:29:02 11.86 *
01/21/93 10:29:32 11.81 *
01/21/93 10:30:02 11.83 *
01/21/93 10:30:32 11.81 *
01/21/93 10:31:02 11.81 *
01/21/93 10:31:32 11.79 *
01/21/93 10:32:02 11.83 *
01/21/93 10:32:32 11.81 *



01721/93 10:33:02 11.83 *
01/21/93 10:33:32 11.79 *
01/21/93 10:34:02 11.86 *
01/21/93 10:34:32 11.81 *
01/21/93 10:35:02 11.79 *
01/21/93 10:35:32 11.81 *
01/21/93 10:36:02 11.83 *
01/21/93 10:36:32 11.79 *
01/21/93 10:37:02 11.81 *
01/21/93 10:37:32 11.81 *
01/21/93 10:38:02 11.79 *
01/21/93 10:38:32 11.79 *
01/21/93 10:39:02 11.79 *
01/21/93 10:39:32 11.83 *
01/21/93 10:40:02 11.81 *
01/21/93 10:40:32 11.79 *
01/21/93 10:41:02 11.83 *
01/21/93 10:41:32 11.81 *
01/21/93 10:42:02 11.81 *
01/21/93 10:42:32 11.79 *
01/21/93 10:43:02 11.81 *
01/21/93 10:43:32 11.79 *
01/21/93 10:44:02 11.81 *
01/21/93 10:44:32 11.81 *
01/21/93 10:45:02 11.83 *
01/21/93 10:45:32 11.83 *
01/21/93 10:46:02 11.81 *
01/21/93 10:46:32 11.81 *
01/21/93 10:47:02 11.81 *
01/21/93 10:47:32 11.83 *
01/21/93 10:48:02 11.81 *
01/21/93 10:48:32 11.79 *
01/21/93 10:49:02 11.86 *
01/21/93 10:49:32 11.81 *
01/21/93 10:50:02 11.83 *
01/21/93 10:50:32 11.81 *
01/21/93 10:51:02 11.86 *
01/21/93 10:51:32 11.83 *
01/21/93 10:52:02 11.86 *
01/21/93 10:52:32 11.83 *
01/21/93 10:53:02 11.81 *
01/21/93 10:53:32 11.81 *
01/21/93 10:54:02 11.83 *
01/21/93 10:54:32 11.83 *
01/21/93 10:55:02 11.83 *
01/21/93 10:55:32 11.86 *
01/21/93 10:56:02 11.86 *
01/21/93 10:56:32 11.83 *
01/21/93 10:57:02 11.86 *
01/21/93 10:57:32 11.81 *
01/21/93 10:58:02 11.86 *
01/21/93 10:58:32 11.83 *
01/21/93 10:59:02 11.83 *
01/21/93 10:59:32 11.88 *
01/21/93 11:00:02 11.83 *
01/21/93 11:00:32 11.88 *
01/21/93 11:01:02 11.88 *
01/21/93 11:01:32 11.81 *
01/21/93 11:02:02 11.83 *
01/21/93 11:02:32 11.81 *



01/21/93 11:03:02 11.88 *
01/21/93 11:03:32 11.83 *
01/21/93 11:04:02 11.83 *
01/21/93 11:04:32 11.86 *
01/21/93 11:05:02 11.81 *
01/21/93 11:05:32 11.77 *
01/21/93 11:06:02 11.86 *
01/21/93 11:06:32 11.88 *
01/21/93 11:07:02 11.79 *
01/21/93 11:07:32 11.86 *
01/21/93 11:08:02 11.86 *
01/21/93 11:08:32 11.81 *
01/21/93 11:09:02 11.81 *
01/21/93 11:09:32 11.81 *
01/21/93 11:10:02 11.81 *
01/21/93 11:10:32 11.83 *
01/21/93 11:11:02 11.83 *
01/21/93 11:11:32 11.86 *
01/21/93 11:12:02 11.81 *
01/21/93 11:12:32 11.86 *
01/21/93 11:13:02 11.83 *
01/21/93 11:13:32 11.79 *
01/21/93 11:14:02 11.83 *
01/21/93 11:14:32 11.81 *
01/21/93 11:15:02 11.81 *
01/21/93 11:15:32 11.88 *
01/21/93 11:16:02 11.88 *
01/21/93 11:16:32 11.79 *
01/21/93 11:17:02 11.86 *
01/21/93 11:17:32 11.83 *
01/21/93 11:18:02 11.88 *
01/21/93 11:18:32 11.83 *
01/21/93 11:19:02 11.74 *
01/21/93 11:19:32 11.93 *
01/21/93 11:20:02 11.79 *
01/21/93 11:20:32 11.83 *
01/21/93 11:21:02 11.77 *
01/21/93 11:21:32 11.81 *
01/21/93 11:22:02 11.90 *
01/21/93 11:22:32 11.88 *
01/21/93 11:23:02 11.81 *
01/21/93 11:23:32 11.77 *
01/21/93 11:24:02 11.93 *
01/21/93 11:24:32 11.79 *
01/21/93 11:25:02 11.86 *
01/21/93 11:25:32 11.83 *
01/21/93 11:26:02 11.79 *
01/21/93 11:26:32 11.86 *
01/21/93 11:27:02 11.79 *
01/21/93 11:27:32 11.81 *
01/21/93 11:28:02 11.79 *
01/21/93 11:28:32 11.83 *
01/21/93 11:29:02 11.81 *
01/21/93 11:29:32 11.90 *
01/21/93 11:30:02 11.86 *
01/21/93 11:30:32 11.93 *
01/21/93 11:31:02 11.79 *
01/21/93 11:31:32 11.70 *
01/21/93 11:32:02 11.81 *
01/21/93 11:32:32 11.88 *



01721/93 11:33:02 11.86 *
01/21/93 11:33:32 11.88 *
01/21/93 11:34:02 11.88 *
01/21/93 11:34:32 11.79 *
01/21/93 11:35:02 11.74 *
01/21/93 11:35:32 11.95
01/21/93 11:36:02 11.86 *
01/21/93 11:36:32 11.74 *
01/21/93 11:37:02 11.79 *
01/21/93 11:37:32 11.86 *
01/21/93 11:38:02 11.93 •
01/21/93 11:38:32 11.72 *
01/21/93 11:39:02 11.81 *
01/21/93 11:39:32 12.00
01/21/93 11:40:02 11.70 *
01/21/93 11:40:32 11.83 *
01/21/93 11:41:02 11.88 *
01/21/93 11:41:32 11.81 *
01/21/93 11:42:02 11.81 *
01/21/93 11:42:32 11.90 *
01/21/93 11:43:02 11.77 *
01/21/93 11:43:32 11.86 *
01/21/93 11:44:02 11.72 *
01/21/93 11:44:32 11.81 *
01/21/93 11:45:02 11.83 *
01/21/93 11:45:32 11.86 *
01/21/93 11:46:02 11.83 *
01/21/93 11:46:32 11.86 *
01/21/93 11:47:02 11.86 *
01/21/93 11:47:32 11.88 *
01/21/93 11:48:02 11.86 *
01/21/93 11:48:32 11.83 *
01/21/93 11:49:02 11.77 *
01/21/93 11:49:32 11.86 *
01/21/93 11:50:02 11.81 *
01/21/93 11:50:32 11.86 *
01/21/93 11:51:02 11.86 *
01/21/93 11:51:32 11.83 *
01/21/93 11:52:02 11.81 *
01/21/93 11:52:32 11.86 *
01/21/93 11:53:02 11.81 *
01/21/93 11:53:32 11.81 *
01/21/93 11:54:02 11.83 *
01/21/93 11:54:32 11.83 *
01/21/93 11:55:02 11.83 *
01/21/93 11:55:32 11.86 *
01/21/93 11:56:02 11.83 *
01/21/93 11:56:32 11.86 *
01/21/93 11:57:02 11.81 *
01/21/93 11:57:32 11.83 *
01/21/93 11:58:02 11.81 *
01/21/93 11:58:32 11.86 *
01/21/93 11:59:02 11.86 *
01/21/93 11:59:32 11.83 *
01/21/93 12:00:02 11.83 *
01/21/93 12:00:32 11.86 *
01/21/93 12:01:02 11.86 *
01/21/93 12:01:32 11.83 *
01/21/93 12:02:02 11.86 *
01/21/93 12:02:32 11.83 *



01/21/93 12:03:02 11.83 *
01/21/93 12:03:32 11.86 *
01/21/93 12:04:02 11.86 *
01/21/93 12:04:32 11.86 *
01/21/93 12:05:02 12.55 *
01/21/93 12:05:32 12.64 ' *
01/21/93 12:06:02 12.64 *
01/21/93 12:06:32 12.67 *
01/21/93 12:07:02 12.67 *
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0. EXECUTIVE SUMMARY

Hager-Richter Geoscience, Inc. conducted borehole geophysical logging in seven
monitoring wells in the vicinity of the Olin Corporation Site, Wilmington, Massachusetts in
December, 1992 and January, 1993 for Conestoga-Rovers & Associates, Inc. The current
logging is an extension of a borehole geophysical survey conducted near the Site by H-R for
CRA in August, 1992. The objectives of the borehole logging program were to provide data
on: (1) the location and depth of a conductive plume known to be present in the vicinity
of the Site, and (2) the depth intervals of productive fractures intersected in three bedrock
wells. Conductivity (EM39) logs were obtained for five wells, and dual temperature logs
were obtained in three wells drilled into bedrock.

The results of the survey may be summarized as follows:

1. None of the five wells for which conductivity was measured for this Report exhibits
zones of elevated conductivity (approximately 360 mmho/m) as were measured in the
August, 1992 series and were interpreted to be within the main part of the conductive
plume.

2. The conductivity data for the five wells serve to constrain better the location of the
plume. Four of the wells (GW-61BR, GW-67D, GW-68BR, and GW-71D) exhibit
zones of slightly elevated conductivity (10 to 25 mmho/m), and are interpreted to be
located at the fringes of the conductive plume. The fifth well (GW-69D) exhibits a
maximum conductivity of about 115 mmho/m at the bottom of the hole, and is
located nearer the central part of the conductive plume.

3. ' The dual temperature logs indicate that water enters GW-62BR at or near the seal
at the bottom of the PVC casing, enters GW-68BR at the bottom of the hole, and
are inconclusive about where water enters GW-62BRD.
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1. INTRODUCTION

Hager-Richter Geoscience, Inc. was retained by Conestoga-Rovers & Associates, Inc.
of St. Paul, Minnesota to log seven monitoring wells located in the vicinity of the Olin
Corporation Site in Wilmington, Massachusetts. The Site is an inactive chemical plant
located in a suburban industrial district. The location of the Site is shown in Figure 1.

The borehole logging program is part of a larger hydrogeologic investigation being
conducted by CRA. The present survey is an extension of borehole geophysical logging of
ten wells conducted at the Site by H-R for CRA in August, 1992.1

The wells and types of logs included in the present survey were:

Well # Log Type
GW-61BR Conductivity2

GW-62BR Dual Temp (Conductivity in August '92 data set)
GW-62BRD Dual Temp
GW-67D Conductivity
GW-68BR Conductivity + Dual Temp
GW-69D Conductivity
GW-71D Conductivity

The locations of the subject monitoring wells and the wells included in the August survey are
shown on the Site Plan (Plate 1). None of the subject monitoring wells is located on the
Olin Corporation property.

The objectives of the borehole logging program were to provide data on: (1) the
location and depth of a conductive plume known to be present downgradient from the Olin
property, and (2) the depth intervals of productive fractures intersected by three bedrock
wells. Conductivity logs were obtained for five of the wells. Three of the wells were drilled
into bedrock, and dual temperature logs were obtained for those wells.

Reference: "Borehole Geophysical Survey, Olin Corporation Site, Wilmington, Massachusetts," H-R report to CRA dated
August, 1992.

Dual temperature logs were not run in this well because it was not accessible to the logging truck al the time of temperature
logging.
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Jeffrey Mann of Hager-Richter conducted the conductivity logging on December 15-
17, 1992 and conducted the temperature logging on January 20, 1993. The fieldwork was
coordinated with, and observed in part, by Mr. Jon Michels of CRA. Mr. Mark Jeffrey of
CRA also observed a portion of the field operations. All fieldwork was conducted under
Level D personal protection. Data analysis and interpretation were completed at the Hager-
Richter offices. Original data and field notes reside in the Hager-Richter files and will be
retained for a minimum of three years.

2. PRINCIPLES, EQUIPMENT & PROCEDURES

2.1 Conductivity Logs

2.1.1 General. The principle of the conductivity log, sometimes referred to as the
electromagnetic induction log, is illustrated in Figure 2. An electric current, called an eddy
current, is induced in the formation by an electric current in the transmitter coil (Tx), also
called a primary coil, located near the top of the probe. The induced current produces a
secondary electromagnetic field and a voltage in the receiver coil (Rx), also called a
secondary or measuring coil, located near the bottom of the probe. The design of the
system, including the geometry and coil characteristics, is such that the voltage in the
receiver coil is proportional to the formation conductivity. In addition, the system is so
designed and calibrated that the output, after processing, is the conductivity of the formation
in units of millimhos per meter, mmho/m (numerically equivalent to the SI units,
milliSiemens per meter, or mS/m).

The maximum distance outward from the tool to which the conductivity of the
borehole material is measured is about 2 feet. The tool does not need to be immersed in
water to obtain accurate data, but it cannot be used in a steel-cased hole.

2.1.2 Site Specific. All data were obtained with a Geonics EM39 logging system.
This compact, portable system has a winch with a maximum depth capability of 100 meters.
The electronics are battery powered. All data were recorded at intervals of 0.1 meter
(approximately 4 inches) while the tool was being pulled out of the monitoring well at a rate
of about 2 to 3 feet per minute. The data were recorded in digital form with a data logger,
transferred to a portable computer in the field, processed in the office, and then plotted
using commercially available software.
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As recommended in the report for the August, 1992 data set, the conductivity logs
for. the current data set, were run without purging the wells. One well (GW-45D) that had
been logged in the August .series was re-logged during the present series to ensure
reproducibility.. The two. Jogs were .essentially identical.

After each log was being run, the equipment was decontaminated by washing the
downhole portion of the cable and the tool with Alconox soap and rinsing with distilled
water.

2.2 Dual Temperature Logs

2.2.1 General. The principal of the dual temperature log is illustrated in Figure 3.
Two temperature logs are run for each well to identify those fractures, or zones, that are
productive. The temperature log is the first log run in each well. Water is then removed
from the well, either by pumping or bailing. The amount removed depends on the diameter
of the well and, to some extent, on the depth. The concept is to remove enough water to
lower the water level approximately 30 to 50 feet if there is no inflow. Most wells produce
at least some water during the time required to remove the water and set up the equipment
to run the second temperature log. Therefore, at the time of running the second
temperature log, the actual displacement of the water column is somewhat less than the 30
to 50 feet. Many wells recover completely, and the static water level is about the same for
the two temperature logs. The vertical movement of water in the well causes the
temperature of the water at most depths to differ from the formation temperature. Because
this difference will decrease with time, the temperature should be logged again within an
hour. Comparison of the two temperature logs shows where water enters the well.

2.2.2 Site Specific. The borehole logging system was a Mount Sopris Series III
logging system with a depth capability of 4500 feet. The equipment is mounted in a four
wheel drive pickup truck. Data are recorded in both digital and analogue form. The digital
data, recorded in the field in a portable computer, were processed in the office using
proprietary software and then plotted using commercially available software.

The digital temperature probe of the Series III logging system measures temperature
to 0.02 °C precision. For each well, the temperatures were logged at an interval of 0.1 foot
from the static water level to the bottom of the well for each well, at a logging speed of
about 20 feet/minute.

After each log was completed at the Site, the equipment was decontaminated with
the following procedure: each tool and the downhole portion of the cable were washed
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using Alconox soap and natural sponges or cotton rags, and rinsed with distilled water.

The pumping schedule between the first and second temperature logs for each of the
three bedrock wells at the Olin Site is the following:

Temperature log #1 run.
Well pumped to remove the volume of water equivalent to a column of
approximately 50 feet.
Temperature log #2 run.

Monitoring -well GW-62BR. The schedule for the dual temperature log was the following,
where T0 is the time of starting tbs pump.

COMMENT

Run l!l temp log
Start pump
Stop pump

Run 2nd temp log

The pump was set at approximately 50 feet depth. A total of 25 gallons of water was
pumped from the well, equivalent to a column of about 35 to 40 feet of water.

Monitoring well GW-62BRD. The schedule for the dual temperature log was the following,
where T0 is the time of starting the pump.

COMMENT

Run 1st temp log
Start pump
Stop pump

Run 2nd temp log

TIME WATER LEVEL
(min)

<T O
TO
T0 +25
T0 + 35
T0 +80
T0 + 173
T0 + 187

(feet)

4.5
32.4
29.5
18.9
8.3
8.0

TIME
(min)

<T 0

TO
T0 + 13
T0 +93
T0 + 17,5

WATER I
(feel

4.6
48.8
8.1
7.8
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The pump was set at approximately 50 feet depth. A total of 35 gallons of water was
pumped from the well, equivalent to a column of about 50 feet of water.

Monitoring well GW-68BR. The schedule for the dual emperature log was the following,
where T0 is the time of starting the pump.

TIME WATER LEVEL COMMENT
(min) (feet)

'< f0" '-. • Run lsl temp log
T0 8.1 Start pumping
T0 + 60 29.1 Stop pumping
T0 + 140 13.4 Run 2nd temp log

The pump was set at approximately 30 feet depth. A total of approximately 16 gallons of
water was pumped from the well, equivalent to a column of about 25 feet of water.

3. RESULTS AND DISCUSSION

3.1 General

A copy of each log is located in the Appendix (in pocket) but is not described in
detail in the text. AJl depths are in units of feet and referenced to depth below the ground
surface. • . . . - . • - . •

3.2 Conductivity Logs

The conductivity measured for four (GW-61BR, GW-67D, GW-68BR, and GW-71D)
of the five wells included in the present data set varies from about 0 mmho/m to 25
mmho/m. The conductivity measured in the fifth well (GW-69D) was less than 10 mmho/m
except for the bottom of the well, where a peak conductivity of 115 mmho/m was measured.

In Plate 2, conductivity logs for the present data set plus the August, 1992 data set
are superimposed on a plan of the Olin Corp. Site to show the relationship of each well
location to the conductivity profile measured in the well. None of the five wells of the
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current data set exhibits as high conductivity measured six wells in the August, 1992 data set
(maximum 360 mmho/m). The wells included iitthe current data set are located north and
south of the wells included in the August, 1992 data set, and on the basis of the
conductivities measured, we conclude that four of the wells (GW-61BR, GW-67D, G W-
68BR, and GW-71D) are located qn th,e rniijges. of, ;the. qoridjactiye, plume. at^the OHn
Corporation Site. Well G W-69J> appears "tpipe Jocated on th£ flanks of
conclude, then, that the conductivity measurements of the currerit,cjfa,^a set
location of the conductive plume near the Olin Corporation Site. ' ""

. «
3.2 Dual. Temperature Logs,k ,_ J,.^..

Dual temperature logs were obtained fn three wells l[GSv-62BR, GW/:4i|$^D, and
GW-68BR). The length of open hole in each bedrock well is limited, and trie ~b' ecJr'bck ss
relatively competent, evidenced by the slow rate, of recharge

- : _ . .-;. - - . -,-,- . . : . - . . • « - • ; •:^t i. f t ; •>.} . - . _ . ' •
^ For G W-62BR, the open portion of the borehole is from about 77 feet to the bottom

at 110 feet, 'Our interpretation of the dual temperature log is ..that water is enters the well
at. 77 feet, the depth of the PVC/bedro^k seal. Small amounts pf water might be entering
the well at about 91 and 97 feet.. .. ..' .' ,'„. ., _ . . ' , • _ ;. ; ...

; For GW-62BRD, the open portion of the bqrelwle is from 105 feet to the bottom of
fhie well at 146 feet. The near-zero geothermal gradient measured between 85 feet and the
total depth precludes using the dual temperature logging technique to obtain data on the
depth of water entry. This well exhibited a very slow rate of recharge, indicating that
bedrock contains no relatively large conductive fracture.

For GW-68BR, the open portion of the borehole is from 25 feet to the bottom of the
well at 76 feet. Our interpretation of the dual temperature log for GW-68BR is that water
entry is located at or near the bottom of the well.
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1. None of the five wells for- which condugtivity was measured for this Report exhibits
zqnes of eleva.̂ ed conductivity (approximately 360 ttimho/m^i as were measured in the
August, JL992 series and were interpreted to be within the main part of the conductive

r;~ • ' ^ £ : ' 5 '-.'>»'--^v---'O)"^V# gsVSlPi ^-n'.J"^ v • . •;••-' - ".

2. The conduitffaf^ "d^ta ftar tfi e-fivfe welh ̂ erve to constrain better the location of the
plume. Four of the wells (GW:61BR, GW-67D, GW-68BR, and GW-71D.) exhibit

'•'••'•" zones of slightly eieyaied CondiTctivity^lO to 23-rnmho/fn), and are interpreted to be
located at the fringes '6f- the 'conductive plume: '"The fifth well (G\Sff69DXeihibitJ'a
maximum conduci'ivttf 'lbf "about 115 rrimito/m' at trie' bottom of'lhe '•jio]et"*an'diris
located nearer the central part of the conductive plume. "*"'''' ' " "J'

• •• •'/•••rn ~"~ (̂
"3. The dual temperature logs indicate that Water enters GW-62BR at or .near the seal

. at the bottom of the PVC casing, enters GW-68BR at the bottom, of the hole, and
are inconclusive' ab6ufjwhere. water enters GW-62BRD. ' ;

• k
: »f- .
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Figure 1. Site location. The box outlines the area shown in Plate 1, the Site Plan.
Base map Wilmington, Mass. 7 1/2" USGS topographic quadrangle.
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Figure 2. Principle of the induction log. Sketch by Geonics.
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Figure 3. Productive fracture location with dual temperature logs. After running the first
log, sufficient water is bailed from the well to lower the water level about 30 feet if no water
entered the well. The second log was run about 30 minutes later, and the well had fully
recharged. The difference log shows that most water entered the well at about 40 feet
depth, and about 5 to 10% of the water entered at about 71 feet. Note that the water that
entered at 40 feet was warmer than the water being displaced, and the water entering at 71
feet was colder.
O 1990 Hager-RJchtcr Geoscience. Inc.
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1. INTRODUCTION

Hager-Richter Geoscience, Inc. was retained by Conestoga-Rovers & Associates, Inc.
of St. Paul, Minnesota to log ten monitoring wells located in the vicinity of the Olin
Corporation Site in Wilmington, Massachusetts. _The Site is an inactive chemical plant
located in a suburban industrial district. The location of the Site is shown in Figure-1.

f

The locations of the subject monitoring wells are shown on the Site Plan (Plate 1).
Nine of the ten subject, monitoring wells are located off the Olin Corporation property.

The objective of the borehole logging program was to provide data on the location
and depth of a conductive plume known to be present down-gradient from the Olin
property. The borehole logging program is part of a larger hydrogeologic investigation being
conducted by CRA.

Jeffrey Mann of Hager-Richter conducted the fieldwork on August 11 and 12, 1992.
The fieldwork was coordinated with and observed in part by Mr. Jon Michels of CRA. All
fieldwork was conducted under Level D personal protection. Data analysis and
interpretation were completed at the Hager-Richter offices. Original data and field notes
reside in the Hager-Richter files and will be retained'"for-a- minimum of three years.

X 3

- 1 -



-— '" ---- - HAGER-RICHTER
GEOSCIENCE, INC.

- Borehole Geophysical Survey
Olin Corporation Site '"••••" '•'•
Wilmington, Massachusetts ' -; 7 . .
FJle 92G29 August. 1992 ' - • . . : : .?.- ,•- .-

feet farther from; the Site. Well GW-70D, Ideated: at ai similar distance from the- Site- as
GW59D, also exhibits a zon& of elevated conductivity afcaid&pttt; of .about 49> feet,. brurtne-
maxirn\in1 conductivity measured is Qt&f i^nasrh^/Sr, possibly, indicating- that the well is
located off ttie axis of the plume.

Wells G W-58D
high conductivity, and eachf exh^^t^^il^rpw^^nd^iglt^
and 4Q' minho/ir?, respectively) at" a dep^h of about- TZfeeX. telbw ground surfaces There: is
an elevation charige between1 the two welfe, #e(^veriii»^^<SWs65ffl»/ara: lovffiEtderiatibit
InftfrestinglyV the-increase in ebnductiv^ M^W>^2BR'jQecftnK»vtfe
interface. GW-62BR also shows a zone1 of fluctuating conductivity uatods:
of about 32 and 40 feet where the values vary Between -2U; mrnho/m and about 100
mffin&ymv 'Suth, variable values and negative' valoes^K«»%a^rfioit.d^ gefiferal]y.
attributed to the presence of metal objects, although the (ERA tepjeseaitalive^nidscated that
no Steel was left in the borehole. (The negative values for conductivity for the top few feet
of each log are due to the steel in the wellhead.)

Well GW-40D, located south of tfoer other nine wells> contains a zone of slightly
elevated conductivity (approximately 20 nanho/m) between depths of about 31 and 37 feet.
It appears to be located outside the main part of the conductive plume.

.4.
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PHONE: 603 893-9944;'
FAX: 603 893-831 3~

ICONDUCTPv'ITY

WELL:J3W-42D

PROJECT: 01 in Corporation Site "

CLIENT: Conestoga—Rovers Sc Associates, fncr

LOCATION: Wilmington

STATE: Massachusetts COUNTY: Essex

"(NSTkjMENTATION: Geonics EM39 '"*''

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jon Michels

"DRILLING CONTRACTOR:

COMMENTS: '2 in. PVC

DATE: August 1 1, T992

H-R FILE #: 92G29

ELEVATION:" "84.4 feet
~* .. ' r

LOG DATUM: Ground Level

CLIENT TD:'

H-R TD: *4.36 feet

STATIC WATER LEVEL: 3.37 feet

DEPTH TO'BEDROCK: 39.0 feet

t,,

(42DFS-2.0AT) GW-420, Wilmi-nqtoR, MA,- -8-J.3— 92rHAG£R-Rt€HTER
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HAGER-RiemER-
alNOUSTRIAL WAY. UNIT D-1 O

'"':. . . SALEM. NH 03079

"'. "" PHONE: 603 893-9944
_FAX: 603 893-8313

CONDUCTIVITY

.WELL:GW-42D

PROJECT": Qlin.Corporation Site

CLIENT: Cones.toga—Rovers &: Associates, Inc.

LOCATION: Wilrrington"
•-. -i~ . : • • . ;. '• ' • ' • .•" . XO-'S ~- • '• :<

STATE: Massachusetts . COUNTY: Essex

INSTRUMENTATION;, peonies EM39

LOGGING GEOPHYSI CIST: Jeff Monn
,! '•"•. •'- •T »' ' " ' :

CLIENT REP:_ Jon Mi chela

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 1 . 1 992

H-R FILE'#: 92G29

ELEVATION: 84.4 feet ,
•j. .' -' . -A ." ,

LOG DATUM:. Grpunp\Level

CLIENT TD: .'.""„'."'.

H-R TD: 44.36

STATIC WATER LEVEL:^ 3.37 feet

DEPTH TO BEDROCK:" j:|.0 feet
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HAULK-KIUHItK
GEOSCIENCE, INC.

SALEM, NH 03079

PHONE: 603 893-9944

FAX: 603 893-831 3

I I VI I I

WELL: GW-400

PROJECT: Olin Corporation Site

CLIENT: Conestoga—Rovers & Associates, Inc.

LOCATION: Wilnrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39 '*

LOGGING GEOPHYSlCIST: Jeff Mann ' ''

CLIENT REP: Jon Michels "

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 2. 1 992

H-R FILE #: 92G29

ELEVATION: 86.4 feet

LOG DATUM: Ground Level

CLIENT TO: 45 feet

H-R TO: 44.73 feet

STATIC WATER LEVEL: 1 0.6 feet

DEPTH TO BEDROCK: 39.0 feet

(400FS.OAT) GW-40D, Wilmington, MA, -S-t2-92;-HAGER-R1CHTER
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f Conductivity after purqinq ^ y Conductivity after purqinq .
L 0 mrho/m 50 * ^0 rrTrtio/m 400 ;
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HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY. UNIT 0-10
SALEM. NH 03O79

PHONE: 603 893-9944
FAX: 603 893-831 3

CONDUCTIVITY

WELL:GW-44D

PROJECT: Olin Corporation Site

CLIENT: Conestoga—Rovers &t Associates, Inc.

LOCATION: Wilnrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

.LOGGING GEOPHYS1 CIST: Jeff Mann

CLIENT REP: Jon Michds

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 2, 1 992

H-R FILE #: 92G29

ELEVATION: 83.5 feet

LOG DATUM: Ground Level

CLIENT TO: 67 feet

H-R TO: 66.38 feet

STATIC WATER LEVEL: 5.94 feet

DEPTH TO BEDROCK: opprox. 67 feet

(440FS.DAT) - GW-44D, Wilmington, MA, 8-1 2-92, HAGER-RICHTER

Conductivity afteneurqing Conductivity after purging

Conductivity otter purging Conductivity after purging
mrho/m 50 " p> 0 rmtio/m

GW-44D, Wilrrington, MA, 8-1 2-92, HAGER-RICHTER



HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY, UNIT D-1O
SALEM, NH 03079

PHONE: 603 893-9944
FAX: 603 893-831 3

CONDUCTIVITY

WE'LL: GW-45D

PROJECT: Olin Corporation Site

CLIENT: Con»«?togo—Rovers & Associates, Inc.

LOCATION: Wilrrinqton

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mam

CLIENT REP: Jon Mi chela

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 1 , 1 992

H-K FILE #: 92G29

ELEVATION: 89.8 feet

LOG DATUM: Ground Level

CLIENT TD: 63.5 feet

H-R TD: 61.41 feet

STATIC WATER LEVEL: 8.90 feet

DEPTH TO BEDROCK: opprox. 63 feet

(45012.DAT) GW-45D, Wilmington, MA, 8-11 -92, HAGER-RICHTER

Conductivity before purqinq Conductivity after ourqinq

Conductivity before ourqinq Conductivity after purqinq
" 0 rmrio/m 400 " "0 rrrrtw/m

(45012.DAT) GW-45D, Wilmngton, MA, 8-11-92, HAGER-RICHTER



HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY. UNIT 0-1 0
SALEM. NH 03O79

PHONE: 603 893-994-4
FAX: 603 893-831 3

CONDUCTIVITY

WELL:GW-70D

PROJECT: Olin Corporation Site

CLIENT: Canestaga—Rovers &c Associates, Inc.

LOCATION: Wilrrington

STATE: MossochuseUs COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jon Michels

DRILLING*CONTRACTOR: Soils Exploration Corp.

COMMENTS: 2 ia PVC

DATE: August 1 1 , 1 992

H-R FILE #: 92G29

ELEVATION: 92.3 feet

LOG DATUM: Ground Level

CLIENT TD: 62 feet

H-R TD: 61.08 feet

STATIC WATER LEVEL: 1 1 .74 feet

DEPTH TO BEDROCK: approx. 57 feet

(700FS.DAT) GW-70D, Wilmington, MA, 8-11 -92, HAGER-RICHTER

Conductivity ofter purging
mrrho/m 50

Conductivity after purging
nrrtio/m 400

Conductivity ofter purging Conductivity ofter purging
H T r m t i o / m 5 0 " * Q m r h o / m

(700FS.OAT) GW-70D, Wilmington, MA, 8-11 -92, HAGER-RICHTER
400



I I/ \WI_I \ I M V/l I I I—I \

GEOSC1ENCE;-INe.-:-;-;-:
3/ttM, Ml UJU/S

PHONE: 603 893-9944
FAX: 603 893-8313 WELUGW-58D

PROJECT: Olin Corporation Site - - .

CLIENT: Canastoga— Rovers it Associates, Inc.

LOCATION: Wilrringtcn =-

STATE: Massachusetts COUNTY: Essex:

INSTRUMENTATION: Gecnics':EM39'1 • • ; • ' '•"•"'•

CLIENT'REP:

DraLLINGCO

COMMENTS:- 2 in. PVC < -',71

DATE: August 11.1 992

H-R FILE |(f: 92G29

ELEVATION:

LOG DATUM: Ground Level

CLIENT TO: 8O feet

H-R TD: 79.91 fe«t

STATIC WATER LEVEL: 1 7» eet

DEPTH TO BEDROCK apprbx. 74 feet

(580FS.OAT) . GW.-58D. Wilrrington. MA, 8-11-92. HAGER-RlCHTER

Conductivity ofter purging i - „ ... Conductivity ofter purging

CaxJucti vi ly after purging
-51 Conductivitv after Durdna

rnrtxyrn 50 " ~ 0 rmtK>/m
r-480, Wilrrrngton. MA, 8-11 -92. HAGER-RICHTER

400



HAGER-RICHTER
GEOSCIENCEJNC;

8 INDUSTRIAL WAY. UNIT D-10
.'_ ...'.. . SALEM. NH 03079

. PHONE: 603 893-9944
FAX: 603 893-8313

CONDUCTIVITY

WELL:GW-45D

PROJECT: Olin Corporation Site
CLIENT: Conestoga—Rovers &t Associates, -J-nc.

LOCATION: Wilrrington '• - - ' ". -"•

STATE: Massachusetts COUNTY: Essex "

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP:' Jon Michels • •• -

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 1 , 1 992

H-R FILE #: 92G29

ELEVATION: 89.8 feet

LOG DATUM: Ground Level

CLIENT TD: 63.5 feet

H-R TD: 61.41 feet

STATIC WATER LEVEL: 8.90 feet

DEPTH TO BEDROCK: approx 63 feet

(450FS-2.DAT) GW-45D, Wilmington, MA, 8-11 -92, HAGER-RICHTER

Conductivity after purging. Conductivity after puraina

Conductivity after purgingConductivity after purging
' 0 rrrrhoTrn 50." ^ 0 . rmtio/m

(450FS-2.DAT) GW-45D, Wilrrington, MA, 8-11 -92, HAGER-RICHTER



HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY. UMT D-10

SALEM. NH 03O79

PHONE: 6OJ 893-9944

FAX: 603 89.3-831 3

CONDUCTIVITY

WELL:GW-59D

PROJECT: Olin Corporation Site

CLIENT: Cones toga—Rovers Se. Associates, Inc.

LOCATION: Wilrrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jan Mi ends

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 1 . 1 992

H-R FILE #: 92G29

ELEVATION: 85.2 feet

LOG DATUM: Ground Level

CLIENT TD: 65 feet

H-R TD: 64.69 feet

STATIC WATER LEVEL: 4.57 feet

DEPTH TO BEDROCK: spprox. 6O feet

(590FS.DAT) GW-59D, Wilrrington, MA, 8-11 -92, HAGER-RICHTER

Conductivity after purging ^ ., Conductivity after purging

Conductivity after purging Conductivity after purging
v 0

(590FS.OAT)

mrtw/m 50 " "0 nmrtw/m

GW-59D, Wilrrinqton, MA, 8-11 -92, HAGER-RICHTER



HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY. UMT D-1 O
SALEM, NH 03079

PHONE: 603 893-9944
FAX: 603 893-831 3

CONDUCTIVITY

WELUGW-43D

PROJECT: Olin Corporation Site

CLIENT: Conestoga—Rovers & Associates, Inc.

LOCATION: Wilrrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jon Michels

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 11.1 992

H-R FILE #: 92G29

ELEVATION: 85.6 feet

LOG DATUM: Ground Level

CLIENT TD: 35 feet

H-R TD: 34.47 feet

STATIC WATER LEVEL: 7.62 feet

DEPTH TO BEDROCK: 29.O feet

(4J30FS-ZDAT) GW-43D, Wilmington, MA, 8-1 1 -92, HAGERr-RICHTER

Conductivity of ter purging ^ ^ Conductivity after purging
^ 0 rnrho/m 50
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,, Conductivity after purging vv 0 rmtio/m 50 * " 0 nrnto/m 400 x
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HAGER-RICHTER
GEOSCIENCEJNC.

8 INDUSTRIAL WAY. UNI T D-1 0
SALEM. NH 03O79

PHONE: 603 893-9944

FAX: 603 893-831 3

CONDUCTIVITY

WELL.-GW-36

PROJECT: Olin Corporation Site

CLIENT: Conestoga—Rovers & Associates, Inc.

LOCATION: Wilmington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jon Michels

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 2, 1 992

H-R FILE #: 92G29

ELEVATION: 84.3 feet

LOG DATUM: Ground Level

CLIENT TD: 37 feet

H-R TD: 38.O9 feet

STATIC WATER LEVEL: 5.4 feet

DEPTH TO BEDROCK: 36.5 feet

(36FS.DAT) GW-36, Wilmington, MA, 8-1 2-92, HAGER-RICHTER

Conductivity after purging ^ ^ Conductivity after purging

Conductivity after purging Conductivity after purging
x 0 mrho/m 50 " M) mrtio/m

(35FS.DAT) GW-36, Wilrrington, MA, 8-1 2-92, HAGER-RICHTER

400 '



HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY. UNIT D-10
SALEM. NH O3079

PHONE: 603 893-9944
FAX: 603 893-831 3

CONDUCTIVITY

WELL:GW-43D

.PROJECT: Olin Corporation Site
CLIENT: Conestoga—Rovers & Associates, Inc.

LOCATION: Wilrrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYSICIST: Jeff Mann

CL/ENT REP: Jon Michels

DRILLING CONTRACTOR:

COMMENTS: 2 in. PVC

DATE: August 1 1 , 1 992

H-R FILE #: 92G29

ELEVATION: 85.6 feet

LOG DATUM: Ground Level

CLIENT TD: 35 feet

H-R TD: 34.47 feet

STATIC WATER LEVEL: 7.62 feet

DEPTH TO BEDROCK: 29.O feet

(43012.DAT) GW-43D, Wilmington, M/

CnnrturtJvtty before purqinq *
^ 0 rrrrho/m 400
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HAGER-RICHTER
GEOSCIENCEJNC.

8 INDUSTRIAL WAY. UNI T D-1 0
SALEM, NH O3O79

PHONE: 6O3 893-99*4

FAX: 603 893-831 3

DUAL TEMPERATURE

WELL:GW62BR

PROJECT: Olin Corporation Site

CLIENT: Conestoga—Rovers & Associates, Inc.

LOCATION: Wilrrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Mt. Sopris Series III

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jon Michels

DRILLING CONTRACTOR: Soils Exploration Corp.

COMMENTS: 4" PVC to SO feet

DATE: January 20. 1 993

H-R FILE #: 92G29A

ELEVATION.

LOG DATUM: Ground Level

CLIENT TO:

H-R TD: 11 0.3 feet

STATIC WATER LEVEL: 2.1 feet

DEPTH TO BEDROCK: 75 feet

(rm62brtp.dbt> MW62BR 1-20-93 HAGER-RICHTER GEOSCIENCE

' 9
Teĵ enq^U£ej3£terjpyrrgirig_

Degrees C
Initial Terrperoture

IrMtiol Terrperoture
Degrees C

11
Terrperoture Difference

11
Temperature Difference

"• -0.5 Degrees C 0.5

:rm62brtp.dbO
" Degrees C"

MW62BR 1-20-93 HAGER-RICHTER GEOSCIENCE



HAULK-KIUHILK
GEOSCIENCE.INC.

SALEM. NH 03O79
PHONE: 6O3 893-9944

FAX: 6O3 893-8313

UUINUUU I l VI I I

WELUGW688R

PROJECT: Olin Corporation Site

CLIENT: Conestogo-Rovers & Associates. Inc.

LOCATION: Wilnrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geooics EMJ9

LOGGING GEOPHYSICIST: Jeff Mann

CLIENT REP: Jon Michels

DRILLING CONTRACTOR: Soils Exploration Corp.

COMMENTS:

DATE: Decenrfcer 1 6. 1 992

H-R FILE #: 92G29A

ELEVATION:

LOG DATUM: Ground Level

CLIENT TO:

H-R TD: 76.5 feet

STATIC WATER LEVEL: 1 &6 feet

DEPTH TO BEDROCK: 21 feet

(GW68BRSC.OAT) GW688R, Wilrrington, MA, 1 2-1 6-92, HAGER-RICHTER
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HAGER-RICHTER
GEOSCIENCE, INC.

8 INDUSTRIAL WAY. UNIT D-1 0
SALEM, MH 03O79

PHONE: 603 893-99*4
FAX: 603 893-831 3

CONDUCTIVITY

WELL:GW67D

PROJECT: Olm Corporotion Site

CLIENT; Conestogo-Rovers & Associates, Inc.

LOCATION: Wilrrington

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Geonics EM39

LOGGING GEOPHYS1CIST: Jeff Mam

CLIENT REP: Jon Mi chela

DRILLING CONTRACTOR: Soils Exploration Corp.

COMMENTS:

DATE: Decerrber 1 6. 1 992

H-R FILE #: 92G29A

ELEVATION:

LOG DATUM: Ground Level

CLIENT TO:

H-R TO: 87.8 feet

STATIC WATER LEVEL: 1 7.3 feel

DEPTH TO BEDROCK:

(GW67DSC.DAT) GW67D, Wilmington, MA, 1 2-1 6-92, HAGER-RICHTER
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> 6 rmfco/m 50 -1 "0 rmho/m 400 '
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SALEM. NH CX5O79

GEOSCIENCE.INC. WELL: GW62BRD

PROJECT: Olin Corporation S te
CLIENT: Conestoga- Rovers & Associates. Inc.
LOCATION: Wilmngton

STATE: Massachusetts COUNTY: Essex

INSTRUMENTATION: Mt. Sopris Series III
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Site Habitat Characterization
Olin Wilmington Facility

51 Barnes Street
Wilmington. MA

1.0 Introduction

This report provides a detailed evaluation of the location and characteristics of

the various upland and wetland habitat areas on and immediately adjacent to the

property located on Eames Street in Wilmington, Massachusetts.

For the purpose of this report, the area of study includes all contiguous property

at the Eames Street facility, the offsite West Ditch System located immediately to

the west of the site, and a similar stream and ditch system located to the east

and adjacent to the MBTA railroad track which is referred to as the East Ditch

System.

Within the study area, both upland and wetland habitat classes were identified and

distinct areas of upland and wetland composed of one or more habitat classes are

discussed relative to their vegetative cover, hydrology, soils, wildlife use and

other pertinent characteristics. The location of each of the upland and wetland

areas is identified on Figure 1, Habitat Location Plan.

2.0 Site Overview

The property exhibits several past and present land use patterns which have had an

impact on shaping the current condition of the site. The north portion of the

site, including approximately one-third of the property area, is currently

developed and contains the offices, parking area, several warehouse buildings,



industrial structures such as loading platforms, above ground holding tanks and a

water treatment facility. Several concrete pads remain intact from razed process

buildings. In general, this portion of the site is highly developed, however,

daily activities on this portion are currently limited to facility maintenance and

groundwater investigation and monitoring activities.

The central portion of the property is a wetland area which has been highly

disturbed during previous tree cutting, soil excavation and stream channelization

activities. Several gravel spoil piles and berms remain around a small pond and

along the banks of the streams in this portion of the site. The central wetland

area on the site is listed as Zone B according to the Flood Insurance Rate Map

(FIRM) for Wilmington, Massachusetts, Middlesex County dated June 15, 1982.

(Community Panel Numbers 250227-0002 B and 250227-0004 B). Figure 2 illustrates

the FIRM for the site.

The southwest corner of the property contains a gypsum landfill which has been

capped and is currently mowed periodically to restrict tree and shrub development.

The remaining south central and southeast portion of the site is mixed forested

wetland and forested upland. Several old ditches, stone piles and an old

foundation indicate the historic farming activities on this portion of the site.

The average diameter of the forest trees in this area is 12 to 14 inches dbh

(diameter at breast height). The presence of the mature red oak/white pine forest

canopy indicates this portion of the site has most likely remained relatively

undisturbed for 60 or more years.



3.0 Upland Habitat Evaluation

3.1 Upland Area Classification

The upland component of the property currently consists of several types of areas

which are best classified according to their respective land use and vegetation

cover patterns. While no one formal habitat classification system is available

for disturbed sites such as this, the following descriptions best identify the

current conditions of the upland habitats on'the site.

Heavily maintained/industrial - This class includes all upland areas

currently or previously developed which continue to be maintained as

part of an industrial facility. Characteristics of this class include

all office, factory and storage buildings on the site, paved parking and

driveway areas, industrial facilities such as fuel tanks, railroad

tracks, concrete pads and loading platforms.

Heavily maintained/open field - This class consists of areas on the site

which have been previously altered and were heavily utilized in the past

but are currently mowed periodically and maintained as open field.

Included in this class are areas due south of the factory buildings on

the site known as the former lagoon area and the area of the capped

gypsum landfill in the southwest corner of the property.

Upland Forest (white pine/Northern red oak/white ash stand type) - This

class includes all the upland forested portions of the property. The

stand type is white pine/Northern red oak/white ash according to Forest
•

Cover Types of North America, Society of American Foresters, 1954.

Variations and subtypes in species composition exist in specific areas

on the site due to manmade or natural disturbances. Portions of the

forested upland area are in various stages of secondary succession,



however, in general, the majority of the forested area was found to be

consistent in species composition with this stand type. The primary

species in the type are Eastern white pine. Northern red oak and white

ash. Red maple is the chief associate while various other species may

also be present in specific areas.

3.2 Upland Area Characterization

3.2.1 Upland Area A

Upland Area A is the front or north portion of the site and extends from the

entrance along Eames Street to the south of the existing or former building and

tank facilities. This area of the site is highly developed and contains offices,

associated landscaping, industrial structures and several mature trees standing

along the perimeter of the maintained area. Much of this area is paved. Upland

grasses and forbs generally dominate the non-paved portions of the site here.

Drainage from this area generally sheds toward the west toward Drainage Area BB

and to the south toward Drainage Area AA.

The soils of Upland Area A have been obscured by impervious surfaces and building

construction. These soils are classified as Urban Land and include areas of

Udorthents which are heavily disturbed by cultural activities which include

excavating, regrading, filling and continued maintenance. Due to the highly

developed condition of this portion of the site, quantitative vegetation sampling

and soil sampling was not conducted. Although this area of the site was in active

chemical manufacturing for many years, current activities are limited primarily to

facility maintenance and groundwater interception system.



3.2.2 Upland Area B

Upland Area B is located south of the buildings and industrial facilities on the

site and is an area of open mowed field which once contained open lagoons or

settling ponds. These structures have been removed, the area has been regraded

and is now mowed periodically. This area is best characterized ae heavily

maintained/open field.

The soils of this area are heavily disturbed by historic grading activities which

include excavating, regrading, filling and continued maintenance. These soils are

classified as Udorthents. They are variable in composition and drainage class

because soil morphology has been altered by the development activities.

Additional onsite investigation would be necessary to determine the suitability of

these soils for future use. The periodic mowing of this area restricts tree,

sapling and shrub development and limits the plant community to grasses and forbs.

Due to the season of observation, definitive identification of the herbaceous

species in this area was not feasible. The past disturbances and the present

maintenance schedule in this area restricts further succession toward a more

natural and diverse plant community.

3.2.3 Upland Area C

Upland Area C is a capped gypsum landfill in the southwest corner of the site.

This area is periodically mowed and is maintained as open field with only an

herbaceous stratum with a variety of upland grasses and forbs present. Due to the

season of observation, definitive identification of species in this area was not

feasible. The past disturbances and the present maintenance schedule in this area

restricts further succession toward more natural communities. Therefore, this

area is best characterized as heavily maintained/open field. Due to the season of



observation along with the closely mowed condition of the herbaceous stratum,

quantitative vegetation sampling was not conducted in this area. Similarly, due

to the present land use of this area and disturbed nature of the area, soil

sampling was also not conducted.

3.2.4 Upland Area D

The remaining portion of the property, including the area south of the central

wetland area, an upland island centrally located on the site, and several small

peripheral areas are typically forested upland. These areas are best described as

successional mixed hardwood/white pine and generally corresponds to the white

pine/Northern red oak/white ash stand type as described in the Forest Cover Types

of North America published by the Society of American Foresters. The forest

canopy is well stratified with an average tree diameter of 12" dbh. This portion

of the property is relatively undisturbed. Evidence of past farming activities is

found in several old foundations, stone piles and old cart paths.

The predominant soils in Upland Area D are deep, well to somewhat excessively

drained gravelly loamy sand and coarse sand textures. They are deep to water

table and bedrock. These soils are derived from coarse sandy glacial till parent

materials. These parent materials were deposited by glacial ice with minimal

transportation by water. The soils of Upland Area D are relatively undisturbed as

compared to other areas of the site. These soils most closely resemble Canton

series soils. Canton soils have more sand in the substratum and are less firm in

the substratum than other till soils with dense basal deposits.

While glacial till materials are generally unstratified and heterogeneous in the

forested upland area, the largest portion of the forested area, closest to the



town line with Woburn, doea exhibit some signs of stratification and likely

experienced influence from glacial meltwater. Conversely, the soils on the upland

island generally possess finer textures and do not exhibit stratification. By

virtue of its landscape position, the island is only moderately well to well

drained as are the portions of Upland Area D to the east and west of the pond.

The condition of most of the area indicates that this area has received minimal

disturbance in the last 60+ years. Recent disturbance in this area appears

limited to periodic use of several cart paths to access groundwater monitoring

wells and the area disturbed to erect the chain link fence at the perimeter of the

property.

The tree stratum in the forested areas is made up of red oak (Quercus ruJbra),

black cherry (Primus serotina), white oak (Quercus alba), red maple (Acer ruJbnun),

gray birch (Betula populifolia), white pine (Pinus strobus) and pitch pine (Pinus

rigida). The sapling stratum typically contains red oak, red maple, gray birch

and white pine. The shrub stratum density is variable through much of the area

with shadbush (Amelanchier canadensis), highbush blueberry (Vaccinium corymbosum),

white pine, beaked hazelnut (Corylus cornuta), common red raspberry (Rubus

idaeus), blackberry (Rubus sp.), black chokeberry (Aronia melanocarpa) and

multiflora rose (Rosa mult±flora) occasionally present. The herbaceous stratum

typically consists of cinnamon fern (Osmunda cinnamomea), teaberry (Gaultheria

procumbens), partridge berry (Mitchella repens), clubrooss (Lycopodium

complanatum), common raspberry (Rubus sp.) and poison ivy (Toxicodendron

radicans). Additional herbaceous species were present but unidentifiable due to

the season of observation. The liana stratum is typically sparse with poison ivy,

bittersweet (Celastrus scandens) and grape (Vitas sp.) present. Table 1 portrays

the plant community characteristics of the forested upland island in the central



portion of this area. Figure 3 illustrates the moderately stratified nature of

this forested upland and the dominance of the tree and shrub communities. Table 2

provides the plant community characteristics of the forested upland area in the

southeastern corner of the property. Figure 4 illustrates the high vertical

stratification of this portion of the forested upland. The generally mature even

aged nature of the forest cover along with the high degree of stratification in

the forest indicates that these areas have been relatively undisturbed "for 60 or

more years. The high degree of vertical stratification in .these areas generally

increases the overall wildlife habitat value of the forest.

4.0 Wetland Habitat Evaluation

4.1 Wetland Regulatory Jurisdiction and Delineation

4.1.1 Jurisdictional Wetland Regulations

The site is subject to the following wetland protection regulations: Massachusetts

Wetland Protection Regulations (MWPR) 310 CMR 10.00 and the Federal Clean Water

Act, Sections 401 and 404. The site currently contains wetland resource areas

which are Jurisdictional under all of these regulations. Jurisdictional state

wetlands include Bank (310 CMR 10.54) associated with perennial and intermittent

streams on the site, Land Under Water (310 CMR 10.56) associated with a pond and

perennial stream on the site, and Bordering Vegetated Wetlands (BVW) (310 CMR

10.55). While these resource types are included in the state jurisdiction, all

wetland areas on the site also represent federal wetland areas and fall under the

jurisdiction of the Army Corps of Engineers (ACOE) under the Clean Water Act,

Sections 401 and 404.



According to the FIRM for the Town of Wilmington, Massachusetts, Middlesex County,

dated June 15, 1982, the property contains an area of Zone B floodplain

throughout the central" portion of the site. No Zone A floodplain occurs on the

site. Based on the vegetative, topographical and hydrological conditions on the

site, it is anticipated that any areas of 100 year floodplain which may occur in

Zone B will fall within the jurisdictional BVW boundaries and thus no

jurisdictional Bordering Land Subject to Flooding (BLSF) as identified in MWPR 310

CMR 10.57 occurs on the property. Figure 2 illustrates the floodplain area

designated on the Community Panel Numbers 250227-0002 B and 250227 0004 B of the

FIRM for the Town of Wilmington, Massachusetts.

All upland portions of the site falling within 100 feet of the onsite or adjacent

wetland boundary when the boundary delineates the edge of BVW or Bank are

considered jurisdictional buffer zone area subject to regulation under the MWPR.

No buffer zone is dictated for the small isolated wetland, Area DD, by state

regulation.

4.1.2 Wetland Boundary Delineation

Due to the nature of the site, only slight variations were observed in the

jurisdictional boundaries of the wetland areas using the respective delineation

approaches in the state and federal regulations. As a result, one wetland

boundary was established which encompasses the state and federal wetland

jurisdictional boundary for each area. The wetland delineation placed in the

Zone B is defined as: "Areas between limits of the 100-year flood and 500-
year flood; or certain areas subject to 100-year flooding with average depths
less than one (1) foot or where the contributing drainage area is less than
one square mile; or areas protected by levees from the base flood."



field represents the upper limit of either the state wetland boundary based on the

predominance (50% or more) of wetland indicator species, or a federal wetland

boundary based on the three parameter approach as defined by the 1987 Federal

Manual for Delineating Jurisdictional Wetland Areas.

The field delineation was conducted by placing consecutively numbered solid pink

flags at intervals along the wetland boundary. The interval between flags is

determined by the configuration of the boundary and density of vegetation. The

wetland flags series used to complete the delineation are: A1-A60, B1-B23, Cl-

C53, D1-D118, E1-E16, F1-F6, G1-G16, H1-H20, J1-J18, S1-S16, U1-U58, V1-V13, Wl-

"34, X1-X28, Y1-Y29, and Zl-222 respectively.

Wetland flags were placed in the field according to the criteria for delineation

provided in the MWPR. The flags identify the limit where 50 percent or more of

the vegetation cover by stratum (tree, sapling, shrub, liana (vine) and

herbaceous) is made up of wetland indicator species or according to the multi-

disciplinary technical criteria utilized by the federal government for wetland

delineation, whichever location was higher on the topography.

In utilizing the federal methodology, the wetland flags identify areas which

exhibit evidence of hydrophytic vegetation, hydric soils and wetland hydrology.

Circular plots were utilized for the vegetation and soil sampling and plot size

for each respective stratum was adjusted according to site conditions. In

general, vegetation plot sizes for each stratum are as follows: tree and liana -

30 foot radius, sapling and shrub - 15 foot radius, and herbaceous 5 foot radius.

Trees were sampled by measuring the dbh of each stem in the plot and the

10



corresponding value was then recorded on the data form. Sapling, shrub,

herbaceous and liana species were sampled by calculating the percent aerial

coverage of each species in the stratum. The status of plant species as wetland

indicator plants was determined using the National List of Wetland Plants for

Massachusetts dated May 1988.

Soil observation holes .within the plot area were dug by hand using tile spade

and/or dutch auger. The point of measurement of the soil surface does not include

the forest duff (recognizable plant remains/fibric non-soil material per USDA

format) for mineral soils. For organic soils and mineral soils with a histic

epipedon (thick organic surface layer), the soil surface is the top of the

uppermost organic horizon. All soil colors are based on standardized notation and

color chips of the Munsell Soil Color Chart (1990 Edition) and a moist condition

unless noted otherwise.

Any soil profile descriptions and vernacular are based on currently accepted

terminology of the United States Department of Agriculture (USDA)/Soil

Conservation Service (SCS). Color, texture, structure, consistence and other

physical soil properties are based on field estimations; no laboratory tests were

performed.

Hydric soil determinations are based on actual field observations of soil

morphology as compared to the technical criteria and field indicators listed in

the Corps of Engineers Wetlands Delineation Manual dated 1987. For hydric soil

determinations, the control section is 20 inches (50 centimeters) minimally, from

the soil surface. Soil drainage class determinations are based on actual field

observations of soil morphology as compared to the U.S. Army Corps of Engineers -

11



New England Division, Guidelines For Soil Drainage Class Determination, dated

02/27/91. Soil taxonomy determinations are based on actual field observations as

compared to the Keys to Taxonomic Classification of New England Soils by M.R.

Cuomo and S.A.L. Pilgrim. January 1991.

4.2 Wetland Area Characterization

4.2.1 Wetland Classification

For the purpose of evaluation, the wetlands on the site were segregated into 6

drainage areas based on the overriding hydrologic characteristics. Bach of these

areas include one or more wetland classes based on their plant community

composition and structural components. Each wetland class has been identified in

the field through visual observations of hydrologic and plant community

characteristics. Detailed descriptions of the wetland classes within the various

drainage areas were documented at strategic observation points which provided

representative samples of the wetland types present. Classification of wetland

areas on the site is from Classification of Wetlands and Deep Water Habitats of

the United States by Lewis M. Cowardin et. al., United States Fish and Wildlife

Service.

The various wetland areas found on the site have been classified into the

following wetland types:

- Forested wetland - This wetland class is characterized by woody

vegetation and normally possesses an overstory of trees, and understory

of young trees and shrubs and a low understory of herbaceous species.

The forested wetlands on the site are considered broad leaved deciduous

and, in general, red maple is the dominant tree species.

- Scrub-shrub wetland - This wetland class is dominated by woody

vegetation less than 20 feet tall and includes true shrubs, young trees
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and other normally taller ahrubs and trees stunted due to environmental

conditions, i.e. ice damage, wind damage, frequent flooding or browsing.

The scrub-shrub wetlands on the site are considered broad leaved

deciduous and are generally dominated by silky dogwood (Cornus amomum),

highbush blueberry, sweet pepperbush (CletTjra alnifolla) and glossy

buckthorn (Rhamnus frangula).

Emergent wetland - This wetland class is characterized by erect

herbaceous species well suited for survival in very wet or inundated

soil conditions. In general, the species are most commonly perennial

well rooted hydrophytes. The emergent wetlands on the site are

considered Palustrine persistent emergent wetlands dominated by such

species as cattail (Typha latifolia), woolgrass (Scirpus cyperinus),

purple loosestrife (Lythrum salicaria), sedge (Carex spp.) and reed

(Phragmites spp.).

Unconsolidated bottom - This wetland class includes wetland and standing

water areas with at least 25% of the bottom substrate covered by

particles smaller than stones (rock fragments larger than 25.4 cm (10

inches) but less than 60.4 cm (24 inches)) and <30% vegetative cover.

The small pond on the site fits this description and therefore has been

included under this class.

Streambed - This class includes all the intermittent and perennial

drainage channels on the site. Substrate within each streambed can vary

greatly depending on local conditions. Streambeds may be scoured and
•

unvegetated or may contain occasional pioneering annuals or perennial

emergenta and shrubs. The vegetation cover, however, must be too sparse

to classify the area as either emergent wetland or scrub-shrub.
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4.2.2 Drainage Area Descriptions

4.2.2.1 Drainage Area AA

Area AA is the primary drainage path through the property. It includes the "West

Ditch" "South Ditch" and portions of the "East Ditch" systems. Area AA is

considered to begin in the three distinct channels of the offsite West Ditch area

and flows easterly under the abandoned railroad at a stone box culvert and onto

the property. The three offsite drainage ditches generally collect water from a

drainage basin which is in predominantly commercial and light industrial use. The

ditch system receives water from a detention pond located west of Jewel Drive,

several roof and parking lot drainages, surface runoff and from groundwater

discharges. The West Ditch system is entirely manmade with flow channels along

lot lines and along the adjacent railroad line. The West Ditch System flows

largely in response to precipitation runoff with significant flows occurring

during and immediately following storm conditions. Between storms the principle

hydrologic input is groundwater which appears to maintain a small relatively

constant flow within the channel once it enters the property. Water collected in

the West Ditch system flows under the railroad track via a box culvert and east

through the property within a well defined channel (referred to as the South Ditch

System).

The West Ditch system is a principal source of surface discharge of site

groundwater. The resulting interaction with surface water conditions results in

formation of relatively insoluble compounds which form a low density flocculent
•

which drifts with the stream flow and settles throughout the stream bottom in the

West Ditch as well as in the remainder of Drainage Area AA. Plans to control the

flocculent on the site property have been the focus of considerable study. A

detailed evaluation of existing conditions of the West Ditch system was provided
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in Wetlands Preservation, Inc.'s Existing Wetland Conditions, interim Action Plan,

West Ditch Precipitate report dated November 2, 1992. This report may be referred

to for additional information on the emergent wetland areas within the West Ditch.

The soils within the West Ditch area are heavily disturbed by development

activities along Jewell Drive and appear to have been filled and regraded. These

soils are classified as Udorthents and have a wet substratum. These soils are

considered hydric and most closely resemble poorly drained mineral soils. The

stream channels in the lower end of the ditch are also frequently covered with

flocculent from the contaminated groundwater release. This flocculent tends to

readily resuspend during high runoff periods and the degree of flocculent percent

is dependent upon several factors including water flow, water levels and

groundwater levels.

Vegetation patterns within the West Ditch System reflect the historically

disturbed nature of the area resulting from railroad and industrial development.

Vegetation in the ditch system is highly variable with vegetative cover generally

dominated by plant species which can tolerate a wide range of hydrologic

conditions. Predominant species are purple loosestrife, cattail, Canada rush

(Juncus canacfensis), soft rush (Juncus effusus), sedge, common reed, glossy

buckthorn and red maple. Vegetation is patchy in distribution, apparently a

result of the variations in soil and hydrologic conditions. The vegetation is

dominated by an herbaceous stratum throughout the central portion of each ditch

with a relatively dense shrub stratum occurring along the bank. The frequency of

flooding in this area limits the development of tree and shrub strata throughout

most of the central portion of the ditches. The herbaceous plant community will

most likely remain dominant with little change within the flooded basin. Table 3
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provides details of the current plant community in a typical section of the

emergent wetland in the West Ditch. The dominant herbaceous stratum throughout

the central portion of this area along with the species composition identifies

this area as emergent wetland. Figure 5 illustrates the percent cover by

vegetation stratum and the dominance of the herbaceous stratum in the emergent

wetland area.

Once on the site property, the stream, now referred to as the South Ditch,

receives flow from Area BB and generally deepens and flows easterly across the

site. Near the center of the property, the stream flows adjacent to a small

manmade pond. A small break in the berra of the pond provides a hydrologic

connection with the stream. The direction of flows to and from the pond from the

stream are dependent on relative hydrostatic head in each area. The stream

continues southeastward past the pond eventually merging with the third major

drainage stream (Drainage Area CC) on the site near the fence along the eastern

property line. Following the confluence with the flow from Area CC, the stream

flows off the property into the railroad ditch along the west side of the MBTA

tracks where there is a confluence with flows from Drainage Area EE, also referred

to as the East Ditch. The combined flows discharge south to a 24" CMP where it

continues through a series of surface and subsurface drainages along the west side

of the MBTA railroad tracks to its eventual confluence with Halls Brook just west

of the inlet of Halls Brook at Mishawum Lake in Hoburn. Halls Brook in this area

is highly degraded as a result of industrial urbanization, however, the Halls

Brook system does support populations of the Mystic Valley Amphipod (Crangonyx

aberrans), an invertebrate which is state listed as a Species of Special Concern

pursuant to the Massachusetts Endangered Species Act (MGL c. 131A)-.
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The soils in the South Ditch section of Drainage Area AA are heavily disturbed by

logging, excavating, regrading and filling, especially at the margins of the

current wetland boundary. These soils are classified as Udorthents and have a wet

substratum.

The predominant soils inside the wetland boundary are considered hydric and

closely resemble very poorly drained mineral soils. The eastern portion of

Drainage Area AA, within the confines of the fence line around the parcel, is

periodically inundated or ponded during cycles of high groundwater table.

A profile description (typical) for predominant soils within the wetland area

reads as follows:

0" Black (10YR 2/0), fibric plant remains, mucky peat, saturated

6" Black (10YR 2/0), loam

12" Gray (10YR 6/1), coarse sandy loam (gleyed)

36" terminated, refusal (stones)

This description roost closely corresponds to Scarboro series soils.

Several wetland community types exist within the South Ditch area, including

emergent wetlands, scrub-shrub wetlands, a stream, a pond and wooded wetlands.

Most of the stream channel has been dredged and the banks and portions of the

streambed have revegetated with emergent wetland vegetation and wetland shrub

species. Typically there is manna grass (Qlyceria obtusa), woolgrass, soft rush

and sedges in the herbaceous stratum. There is glossy buckthorn, gray birch and

sweet pepperbush in the shrub stratum. Occasionally there is red maple, gray

birch, red oak, shadbush and swamp white oak (Quercus bicolor) in the tree stratum

along the edge of the stream.
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The manmade pond is approximately 150' by 50' and is located centrally in the

property. The pond is hydrologically connected with the stream via a small break

in the berm at the southwest corner. The area immediately to the northeast and

west of the pond is highly disturbed and contains several gravel berms and piles,

most of which have revegetated with upland trees, shrubs and herbaceous species.

The pond is well vegetated along the north edge with dense overhanging shrubs and

small trees including gray birch and red maple in the tree stratum and glossy

buckthorn and red chokeberry (Aron±a ari>ut±foJia) in the shrub stratum. There are

several small open areas along the pond edges vegetated with soft rush, goldenrod

(Solidago sp.), swamp dewberry (Rubua hispidus) and little bluestem (Andropogon

scoparius) in the herbaceous stratum. Initial investigations indicate the pond as

unconsolidated bottom with a mud bottom substrate. Host of the pond bottom has

been subject to significant deposition of flocculent material from contaminated

groundwater discharges. The pond has a vegetative cover of less than 30% and is

permanently flooded. Observations during the summer of 1992 indicate extremely

sparse submerged aquatic vegetation exists within the pond area. The edges of the

pond are vegetated with an approximate equal percentage of species in the shrub

and herbaceous strata with tree, sapling and liana strata generally nonexistent.

Table 4 provides details on the plant community of the area immediately along the

pond edges. Figure 6 illustrates the dominance of the shrub and herbaceous strata

along the pond edge and the general absence of the tree, sapling and liana strata.

The dominant species within the herbaceous and shrub strata indicate that this

area, while once highly disturbed, is currently in an early successional stage of

revegetation.
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There is a large scrub-shrub wetland area to the north and northeast of the pond

area. In this area, groundwater breakout occurs and generally flows are from the

former lagoon area in a southeasterly direction to the South Ditch. There are

also several small depressional areas within this scrub-shrub wetland which

occasionally pond water. Typically this area contains heavily vegetated shrub

thickets with many open clearings interspersed throughout. The clearings are

dominated by a dense herbaceous stratum.

Historical data from aerial photography and recent field observations of remnant

stumps and downed logs indicate the area east of the old lagoon area and north of

the pond area was once forested but has undergone a significant change in

vegetation cover. There are rotting tree stumps throughout this scrub-shrub area

which show evidence of past cutting activities. While an indepth investigation

has not been done, it appears the earlier forest canopy in this area died back

within a relatively short period of time. The standing dead trees were

subsequently cut and removed from the area. The present scrub-shrub community has

become well established in the cleared or open area. Evidence of this mortality

has been observed on aerial photographs dated April 13, 1981 and may be related to

a variety of factors, including air or water borne contaminants from the old

lagoon structure, human induced surface and ground hydrology changes, or natural

causes such as gypsy moth defoliation, disease, etc. In general, this area is

dominated by gray birch with red maple occasionally present in a sparse tree and

sapling strata. The shrub stratum is dominated by gray birch and glossy buckthorn

with common elderberry (Sambucus canadensis) and highbush blueberry occasionally

present. The herbaceous stratum ranges from relatively sparse in the dense

thicket portion of this scrub-shrub wetland to dense in the open clearings.

Goldenrod, woolgrass and unidentified grasses (Graminae spp.) are commonly found
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throughout this area with pokeweed (Phytolacca Americana), tussock sedge (Carex

stricta) and phragmites (Phragm±tes australis) occasionally present. False

buckwheat (Polygonum scandens) is occasionally present in the liana stratum.

Provided in Table 5 are the results of vegetation sampling conducted within the

scrub-shrub wetland area. The species composition of the tree, sapling and shrub

strata are dominated by an early successional species typically found on disturbed

sites. Figure 7 illustrates the high percentage of species cover in the shrub and

herbaceous strata while the tree/ sapling and liana strata are relatively sparse.

Also present in Drainage Area AA is a small portion of forested wetland adjacent

to the fence at the east property line. This area is typically vegetated with a

mature overstory with red maple dominant and white oak, gray birch, black cherry

and white pine occasionally present in the tree stratum. Red maple and gray birch

are found in the sapling stratum. The shrub stratum is dense at the perimeter of

this area and generally sparse toward the center. Glossy buckthorn, red maple and

highbush blueberry are found with shadbush occurring occasionally. No species

were observed in the liana stratum. The herbaceous stratum consists of glossy

buckthorn seedlings and an unidentified fern species. The vegetational

composition of this area is generally evenly distributed among the tree, sapling

and shrub strata with a sparse herbaceous stratum and no liana stratum present.

The plant community composition is typically broad leaved deciduous. Table 6

provides results of vegetation sampling within this forested wetland area. Figure

8 illustrates the approximately equal percent coverages of tree, sapling and shrub

strata, a generally sparse herbaceous stratum and a nonexistent liana stratum for

the sample. The degree of stratification and dominance of the older tree and

sapling species indicates this area has not undergone recent disturbances.
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4.2.2.2 Drainage Area BB

Area BB is generally located west of the main site buildings and also includes a

small area in the northwest corner of the site. This small drainage area begins

in the northwest property corner and is joined by a second small drainage

originating from a culvert at the outfall for the water treatment facility on the

site. The flows through the culvert are intermittent and depend on water

treatment system discharges and runoff on the site. Together, these flows form

the main stream which'flows south along the west property line. The lower portion

of the drainage in Area BB is a dug channel. The flow in the channel continues

south to a 36" culvert running under the access road midway along the west side

property line on the site. A short distance below the culvert, the drainage

merges with the flow in Drainage Area AA.

The soils of Wetland Area BB are heavily disturbed by historic site activities

which include excavating, regrading and filling in and around the borders of the

wetland. The area also historically received stormwater runoff from roofs and

other impervious surfaces located on the developed (northerly) portion of the

site. These soils are classified as Udorthents due to the site history.

The predominant soil condition within the wetland represents a very poorly drained

organic soil. These soils have a very wet substratum and are considered hydric.

A profile description (typical) for the existing unfilled wetland area reads as

follows:

0" Black (10YR 2/0), highly decomposed sapric muck

30" Brown (7.SYR 5/3), coarse sandy loam

48* terminated, no refusal

This description most closely corresponds to Freetown series soils.
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Area BB contains several wetland classes associated with the small drainage stream

flowing south through the area. The northern portion of Area BB is generally an

emergent wetland at the center with a plant community dominated by cattail,

meadowsweet (Spiraea lati/olia), goldenrod and purple loosestrife. Surrounding

the open marsh portion is an area of forested wetland dominated by red maple, gray

birch and swamp white oak in the tree stratum; red maple in the aapling stratum;

highbush blueberry, shadbush and glossy buckthorn in the shrub stratum; and

cinnamon fern in the herbaceous stratum.

Associated with the middle portion of the stream in Area BB is a similar open

marsh area typically vegetated with cattail, purple loosestrife, meadowsweet and

goldenrod. Occasionally there is glossy buckthorn, red maple and gray birch

present in the shrub stratum along the side slope/perimeter areas. The vegetation

of this area is dominated by the herbaceous and shrub strata with tree, sapling

and liana strata generally nonexistent. The majority of this area is an open

emergent wetland system with shrub species present along the perimeter. Due to

the flooding frequency in the area, the vegetation is not highly stratified and it

is unlikely, due to the saturated and occasionally inundated soils, that rapid

successional changes in the plant community will occur within the flooded basin.

Table 7 provides details on the current plant community composition of the open

wetland portion of Area BB. The dominant herbaceous stratum and the subdominant

shrub stratum illustrated in Figure 9 identify this area as emergent wetland.

The plant community in the southern most portion of Area BB is typically a

forested wetland dominated by gray birch with quaking aspen (Populus treoula) with

swamp white oak also present. The sapling stratum is dominated by gray birch and

the shrub stratum is predominantly glossy buckthorn with gray birch and highbush
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blueberry also present. No species were observed in the liana stratum and in the

herbaceous stratum there are several fern species (all were unidentified due to

the season of the year) and glossy buckthorn dominant with sedges, goldenrod and

swamp dewberry also present. Table 8 provides the results of the vegetation

sampling in the forested wetland portion of Area BB. The species composition

found in this area indicates that this area has undergone a previous disturbance

and is in an early forest successional stage. Figure 10 illustrates the relative

dominance of the shrub and herbaceous strata.

There is evidence of past cutting activities in this area and several large

rotting stumps remain in the area. The main channel of the stream through this

area is through a manmade ditch which contains flows directly to the 36" CMP at

the access road along the west side property line. The southerly portion of the

area also includes a remnant manmade ditch which no longer contains flowing water.

4.2.2.3 Drainage Area CC

Drainage Area CC is located south of Drainage Area AA and surface water from Area

CC flows to the east eventually entering Drainage Area AA near the eastern

property line. This small drainage stream begins as groundwater breakout in a

large, relatively flat scrub-shrub swamp located along the western side of the

property. Drainage Area CC contains two wetland types, a scrub-shrub portion

along the west side property line directly south and adjacent to the main drainage

stream (Drainage Area AA) on the site and a larger forested wetland complex

located along the eastern portion of the drainage. Drainage Area CC extends from

the west property line through the center portion of the property to the

confluence with the main drainage Area AA approximately 25' east of the chain link

fence at the east property line.
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The predominant soils in Wetland Area CC are very poorly drained mineral soils.

The western portions of Drainage Area CC have been exposed to some disturbance

during past site investigations but the majority of Area CC soils are in a natural

condition. Portions of the area are subject to flooding due to bank overflow from

the brook and have a water table that is occasionally above the soil surface. The

remainder of time the water table is at or very near the soil surface. The soils

in this area most closely resemble Swansea series. Poorly drained mineral soils

also constitute a significant portion of the wetland area.

The scrub-shrub area is vegetated with dense shrub thickets with occasional small

open grassy areas interspersed throughout. In the thicket section, glossy

buckthorn is dominant in the shrub stratum, with sweet pepperbush, gray birch

seedlings and highbush blueberry also present. The herbaceous stratum is

generally sparse here with cinnamon fern, sensitive fern (Onoclea senaibilis) and

another unidentified fern species occasionally present.

In the open grassy portions of the scrub-shrub area, gray birch and glossy

buckthorn are most commonly found in a sparse to medium shrub stratum with sweet

pepperbush and highbush blueberry occasionally present. The herbaceous stratum is

made up of little bluestem, soft rush, Canada rush and swamp dewberry, with twig

rush (CladJ.ua narisoides) and several unidentified grasses occasionally present.

This portion of the scrub-shrub area contains several depressional areas which

pond water during the winter and spring seasons. This area was disturbed during

previous dredging activities in the main stream and several berms and small soil

piles remain. The vegetation composition of this area is dominated by portions of

dense shrub thickets along with open grassy patches scattered throughout.
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Although the area does contain open grassy portions in areas of more recent

disturbance, the overall plant community makeup best characterizes the area as

scrub-shrub wetland. The majority of the area was relatively recently disturbed

and is in an early successional stage with the shrub and herbaceous strata

dominant. The tree, sapling and liana strata are generally nonexistent. The

hydrologic conditions in this area are similar to the adjacent wooded swamp and

this area will most likely develop a tree and sapling overstory over time. Table

9 provides details on the current plant community composition of this wetland

area. The occurrence of a dense shrub stratum interspersed with open grassy

patches identifies this area as scrub-shrub wetland. Figure 11 illustrates the

dominance of the shrub and herbaceous strata in representative portions of the

thicket and open meadow areas within the wetland. The species composition and

structural characteristics indicate past disturbance to this area and identify the

wetland area as being in a relatively early successional stage.

The eastern portion of Area CC is a forested wetland and is typical of red maple

swamps in New England. The tree stratum is dominated by red maple with gray

birch, swamp white oak, red oak, white oak, black cherry, white pine and pitch

pine also occasionally present. The average diameter of trees in the overstory,

excepting gray birch, is 12" dbh. The sapling stratum is made up of red maple

while the shrub stratum is dominated by glossy buckthorn and red maple with

Northern arrow-wood (Viburnum recognition;, highbush blueberry and red chokeberry

occasionally present. The predominant observed species in the herbaceous stratum

were cinnamon fern and glossy buckthorn seedlings with sphagnum (Sphagnum sp.),

royal fern (Osmunda. regalia), wood fern (Oryopteris sp.) and an unidentified fern

species present but in lesser numbers. No species were observed within the liana

stratum during the vegetation sampling. The vegetation composition of this area
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is typical of forested wetlands. The tree, shrub and herbaceous strata are the

most prevalent, the sapling stratum is sparse and there were no liana observed.

The average diameter of the trees is 12 inches dbh.

This gray birch/red maple stand type is typical on abandoned farm land. The birch

component is generally short lived, usually dying back in 60 years or less. As is

typical of most wooded swamps in New England, this community is a sere, or a step

in the successional stage, and will change over time as the vegetation community

matures. Table 10 provides the results of the vegetation sampling in the forested

wetland portion of Drainage Area CC. The species composition found in this area

indicates that the forested wetland is currently in an early to mid successional

stage with generally little or no recent disturbances within the forest. Figure

12 illustrates the generally high degree of vertical stratification in the

forested wetland.

4.2.2.4 Drainage Area DD

Area DD is an isolated basin which receives surface runoff during storm events

from the surrounding area particularly the steep side slopes associated with the

offsite landfill located to the southeast. Several hydrology indicators observed

in the area including water stains on exposed rocks, rust stains on fence posts

along the property line, and water stained leaves confirm that this area is

inundated periodically.

The predominant soils in Wetland Area DD are very poorly drained mineral soils

which are somewhat disturbed. These soils often are inundated. The soils in this

area most closely resemble Swansea series. There are somewhat poorly drained and

poorly drained soils found here as well.
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The wetland area in Drainage Area DD is an emergent wetland dominated by

herbaceous hydrophytic vegetation throughout the center portion with generally

sparse tree, sapling and shrub strata along the outer perimeters. The central

portion of the area is densely vegetated with purple loosestrife dominant in the

herbaceous stratum with goldenrod, jewelweed (Impatiens capensls), sedges and soft

rush also present. Occasionally there is evening primrose (Oenothera sp.) in the

stratum. The edge areas are vegetated with black willow (Salix nigra) and red

maple in a sparse tree stratum. Red maple forms a sparse sapling stratum along

the perimeter of the area. Glossy buckthorn and common elderberry are found in

the shrub stratum which is also restricted to the perimeter of the basin. There

were no species observed in the liana stratum. The vegetational composition of

this area is dominated by a dense herbaceous stratum with trees, sapling and

shrubs occurring in approximate equal densities around the perimeter. The

majority of this isolated area is an emergent wetland. Due to frequent flooding

in this area, the vegetation is not highly stratified and it is unlikely due to

the hydrologic conditions that rapid change in the plant community structure will

occur within the flooded basin. Table 11 provides details on the current

vegetation characteristics of this wetland area. Although tree, sapling and shrub

strata are present, they occur in a relatively small area along the perimeter of

this area. The herbaceous stratum throughout the central portion of this wetland

area is composed of dominant species found in emergent wetlands. Figure 13

illustrates the overwhelming dominance of the herbaceous stratum in this area.

4.2.2.5 Drainage Area BE

Area EE has historically been referred to as the East Ditch System and is located

to the east of the property along the west side of the MBTA railroad tracks. The

drainage begins at a 24" culvert immediately south of the bridge over the railroad
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tracks on Eames Street and extends approximately 2,100 feet south to the

confluence of the main stream from the AA area which joins the drainage ditch

approximately 200 feet north of a 24" culvert. The main discharge from the

property continues through the south portion of the drainage ditch along the west

side of the tracks and subsequently enters the 24" culvert which discharges in an

open ditch approximately 400' to the south. Eventually the drainage ditch

discharges into Halls Brook in Woburn.

The soils of Wetland Area BE are heavily disturbed by historic and ongoing

activities related to excavation and maintenance for the railroad tracks. These

soils are classified as Udorthents. Additionally, the bottom of the excavation

has a wet substratum. These soils are considered hydric and most closely resemble

poorly drained mineral soils, however, most of the ditch has been covered with a

layer of 1" - 2" crushed aggregate.

The ditch is sparsely vegetated along its entire length with the majority of the

vegetation being subject to cutting and/or spraying during maintenance of the

railroad easement. Small red maple and glossy buckthorn shrub and tree sprouts

occur on the west bank of the ditch. Herbaceous species observed include purple

loosestrife, sedge, soft rush, several grasses and swamp dewberry. The east bank

of the ditch is entirely made up of crushed stone and occasionally contains glossy

buckthorn and red maple sprouts. Due to its proximity to the railroad ROW, this

area is heavily maintained by vegetative cutting and/or spraying. The heavily

maintained nature of this area generally restricts plant community establishment.

The inundated portion of the ditch is unvegetated with a variable sand, mud and

cobble-gravel bottom. Sparse herbaceous and shrub strata are present along the
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west bank of the ditch. Due to MBTA maintenance schedules, this area is

anticipated to remain as a sparsely vegetated ditch and is considered to fall

within the Unconsolidated Bottom wetland classification due .to the bottom

substrate and low percentage of plant species coverage. Table 12 provides details

of the limited plant community of this area. The poor substrate and highly

disturbed nature of the ditch limit 'the plant community to a sparse herbaceous and

shrub strata. Figure 14 illustrates the dominance of the sparse herbaceous and

shrub strata present in this area.

5.0 Wildlife Utilization of Site

During the wetland delineation activities and several follow-up site visits,

general observations of onsite wildlife habitat characteristics were made within

the various wetland upland areas. These observations included plant community

composition and structure, occurrence of edge and transition zones, hydrologic

characteristics, leaf litter and substrate characteristics, nesting, denning and

travel corridor sites as well as actual observations of individual species using

the area.

In general, the site contains a diverse mix of wetland and upland habitats. This

diversity of habitat can enhance an area's overall ability to support and sustain

equally diverse wildlife populations. The mosaic of dense scrub-shrub thickets

interspersed among the forested wetland, and the presence of pond and stream

corridors increases the available edge habitat important to many small mammals and

songbirds. The changes in vertical stratification from dense wooded areas into

open wet meadow, marsh and maintained upland fields provides browsing, sunning and

feeding areas. During the site visits, observations of Eastern cottontail rabbits

(Sylvilagua floridanus) and their sign such as tracks, pellets and burrows
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confirms a utilization of the site by this species. Several larger animal dens

were also observed on the site and may be utilized by woodchuck (Marmota monax),

opossum (Didelphis virginiana) or quite likely fox (Vulpes fulva). Fox and

raccoon (Procyon lotor) tracks as well as travel lanes under the chain link fence

along the south property line were observed. During the site evaluation,

woodchuck remains were found in Drainage Area AA and a dead opossum was observed

in the upland forested area south of Drainage Area CC.

The chain link fence enclosing the entire property, while passable by smaller

mammals, restricts usage of the site by larger mammals. The land use patterns of

the surrounding area also limit the types of wildlife species in the area,

therefore it is unlikely mammals other than those typical to urban areas such as

gray squirrel (Sciurus carolinensis), raccoon, woodchuck, rabbit, opossum and

skunk (Mephitis mephitis) frequent the area.

Several significant snags as well as downed hollow trees were observed in both the

forested wetland and forested upland portions of the site. Cavities and burrow

holes indicated use by birds, however, due to the season of observation, which was

generally after the fall migration season, bird sightings were limited. Species

observed during the site visits included black capped chickadees (Pa.rua

atricapillus), blue jays (Cyanocitta cristata), sparrows (unidentified) and a

downy woodpecker (Dendrocopus pubeacens). Several small songbird nests were

observed in the dense thicket portions of the scrub-shrub wetland areas.

There are many areas on the site which may be important in providing reptile and

amphibian habitat. The various perennial and intermittent streams, the pond and

intermittently flooded areas, the variability of substrates from soft burrowable
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mud to rocky crevice laden stream bottoms, and the occurrence of many downed and

rotting logs and stumps in some portions of the site are physical and structural

characteristics which contribute to reptile and amphibian habitat. Many of these

areas are, however, impacted to varying degrees by past and current human

activities on the site including vegetation control, disturbed soil conditions,

flocculent sedimentation. As a result, the site' appears to provide only marginal

habitat for reptiles and amphibians. Various observations of amphibians were made

during several visits to the site including Northern leopard frog (Raaa pipiens

pipiens) and bull frog (RanA catesbeiana) sightings. Given the nature of the

wetland areas on the site, spring peepers (Hyla crucifer crucifer) and wood frogs

(Rana sylvatica) are also likely to occur.

The proximity of unbroken forest cover along the south edge of the central wetland

area can provide corridors between the wetland area into and beyond the buffer

zone in the upland forest. The cleared forest at the interface between the

landfill area and lagoon area and the forested uplands can provide important

"edge" essential for a variety of small songbirds, mammals and reptiles which

utilize the open field to feed and sun but which need the heavily stratified dense

forest canopy cover for shelter and nesting.

Summary Perspective of Wildlife Usage

The site contains a variety of upland and wetland habitats which contain wildlife

habitat characteristics such as denning, feeding, sheltering and nesting sites

which are useful to a wide variety of birds, small mammals, reptiles and

amphibians. The transition areas between the various upland and wetland habitats

and the interspersion of individual habitat types within the upland and wetland

areas are important in providing edge between the dense cover types and the open

meadow and grassy portions of the various habitat areas.
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The current contamination of the main drainage stream in the Drainage Area AA

reduces the overall water quality of this portion of the site. While the various

wetland and upland habitats adjacent to the stream currently contain useful

wildlife habitat characteristics, the poor water quality and past human disruption

of the area limit the habitat value of this portion of the site.

The current industrial Complex on the north portion of the site limits the

usefulness of this area to many small mammals and birds which require tracts of

undisturbed woodland for seclusion and shelter. The existing chain link security

fence erected in 1981 inhibits movement of larger mammals on and off the site thus

restricting habitation of the site by these animals as well as the use of adjacent

habitat types. The open paved and grassy areas on the north portion of the site

may enhance sunning and feeding areas for select birds, small mammals such as

rodents, squirrels and rabbits, and reptiles such as snakes.
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FIGURE 1

HABITAT AREA LOCATION PLA
OLIN CHEMICAL

WILMINGTON, MA
SCALE 1" = 200'

KEY

A
B
C
0
AA

BB
CC
00
EE

HEAVILY MAINTAINED/INDUSTRIAL
HEAVILY MAINTAINED/OPEN FIELD - FORMER LAGOON AREA

HEAVILY MAINTAINED OPEN FIELD - GYPSUM DUMP

FORESTED UPLAND
DRAINAGE AREA AA - UNCONSOLIDATED BOTTOM - POND/SCRUB-SHRUB WETLAND/FORESTED WETLAND
EMERGENT WETLAND - "WEST DITCH"
DRAINAGE AREA BB - EMERGENT WETLAND/SCRUB-SHRUB WETLAND/FORESTED WETLAND
DRAINAGE AREA CC - SCRUB-SHRUB WETLAND/FORESTED WETLAND
DRAINAGE AREA DD - EMERGENT WETLAND - ISOLATED
DRAINAGE AREA EE - UNCONSOLIDATED BOTTOM - "EAST DITCH"

- "SOUTH DITC



BOSTON AND MAINS RAILROAD

FIGURE 2

ROOD wswwa WE

TOWN OF

250227 0002 B

[fFtCTWt OATl:

JUNE 16. 1882



% Cover

Figure 3
Upland Area D

Forested Upland Island Component

uu

80

60

40

20

0

-

-

•ilfiiiiiiiiiiijiii;
mm
III!
iiii

1

ijiii
1
i!

iiiiji

#!':i i:: h

I

1ii
Hi iiii

1
1
iiii

1

1

... f
1
:j

ii

1
1
i
I
:

iiiii! i
Iliiiiliiiii i

i'iiiiiii
iill ih

fl: h :

INI
i iiii
iiiii

Mi

111 1 IE i
Tree Sapling Shrub Herbaceous Liana

Strata
Wetlands Preservation, Inc.

1/12/93



% Cover
100

Figure 4
Upland Area D
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Figure 5
Drainage Area AA

Emergent Wetland Component
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Figure 6
Drainage Area AA

Uneonsolidated Bottom Component (Pond)
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Figure 7
Drainage Area AA
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Figure 8
Drainage Area AA

Forested Wetland Component
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Figure 9
Drainage Area BB

Emergent Wetland Component
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Figure 10
Wetland Area BB
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Figure 12
Drainage Area CC

Forested Wetland Component
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Figure 13
Drainage Area DD

Emergent Wetland Component

80

60

40

20

nil
111

I !

i

Ijliijjiljiji; •I
Tree Sapling Shrub

Strata
Herbaceous Liana

Wetlands Preservation, Inc.
1/13/93



% Cover
100

Figure 14
Drainage Area EE
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Table 1

Plant Community Composition

Upland Area D

Forested Upland Island Component

Stratum

Tree

white pine
white oak
black cherry
red maple

Scientific Name

(Pinus strobus)
(Quercus alba)
(Prunus serotina)
(Acer rubrum)

Canopy Species
Closure Dominance

Dense

D
D
C
O

NWI
Status

FACU
FACU-
FACU
FAC

Sapling

black cherry
shadbush
red maple

Sparse

(Prunus serotina)
(Amelanchier canadensis)
(Acer rubrum)

O
O
O

FACU
FAC
FAC

Shrub

glossy buckthorn
red maple
black cherry
shadbush

Medium
Dense

(Rhamnus frangula) D
(Acer rubrum) O
(Prunus serotina) O
(Amelanchier canadensis) O

FAC
FAC
FACU
FAC

Herbaceous

glossy buckthorn
clubmoss

Sparse

(Rhamnus frangula)
(Lycopodium complanatwn)

C
O

FAC
FACU

Liana - none observed

Note: Due to season of observation, limited species observed in
herbaceous stratum.

Canopy closure - Very Dense = >80%/ Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant Common Occasional



Table 2

Plant Community Composition

Upland Area D

Forested Upland Component

Stratum

Tree

white oak
red oak
black cherry

Sapling

white oak

Shrub

red oak
black cherry
red maple
highbush blueberry

Herbaceous

sheep laurel
teaberry
clubmoss
black cherry

Scientific Name

(Quercus alba)
(Quercus ruJbra)
(Prunus serotina)

(Quercus alba)

(Quercus rubra)
(Prunus serotina)
(Acer rubrum)
(Vaccinium corymbosum)

(Kalmia angustifolia)
(Gaultheria procumbens)
(Lycopodium complanatum)
(Prunus serotina)

Canopy
Closure

Dense

Medium
Dense

Medium
Dense

Medium
Dense

i)

Species
Dominance

D
C
0

D

C
C
O
O

D
D
O
0

NWI
Status

FACU-
FACU-
FACU

FACU-

FACU-
FACU
FAC
FACW-

FAC
FACU
FACU
FACU

Liana - none observed
•

Note: Due to season of observation, limited species observed in
herbaceous stratum.

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant Common O = Occasional



Table 3

Plant Community Composition

Drainage Area AA

Emergent Wetland Component

Stratum

Tree

red maple

Scientific Name

(Acer rubrum)

Canopy Species
Closure Dominance

Sparse

NWI
Status

FAC

Sapling

red maple (Acer rubrum)

Sparse

FAC

Shrub

glossy buckthorn (Khamnus frangula)

Medium
Dense

FAC

Herbaceous

glossy buckthorn
manna grass
goldenrod
spiraea
unidentified herbaceous

(Rhamnus frangula)
(Glyceria canadensis)
(Solidago sp.)
(Spiraea tomentosa)

Very
Dense

D
C
O
O
O

FAC
OBL

FACW

Liana - none observed

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant Common O = Occasional



Table 4

Plant Community Composition

Drainage Area AA

Unconsolidated Bottom Component (Pond)

Stratum

Shrub

gray birch
red maple

Scientific Name

(Betula populifolia)
(Acer ruJbnun)

Canopy Species
Closure Dominance

Medium
Dense

C
C

NWI
Status

FAC
FAC

Herbaceous

little bluestem
goldenrod
swamp dewberry
soft rush

Medium
Dense

(Andropogon scoparius)
(Solidago sp*)
(Rubus hispidus)
(Juncus effusus)

C
C
c
O

UPL

FACW
FACW+

Note: No aquatic vegetation observed due to ice cover on the pond.

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse - <10%

Species density - D = Dominant C = Common O = Occasional



Table 5

Plant Community Composition

Drainage Area AA

Scrub-Shrub Component

Stratum

Tree

gray birch
red maple

Scientific Name

(Betula populifolia)
(Acer rubrum)

Canopy Species
Closure Dominance

Sparse

D
O

NWI
Status

FAC
FAC

Sapling

gray birch (Betula populifolia)

Sparse

FAC

Shrub

gray birch
glossy buckthorn
elderberry
highbush blueberry

Dense

(Betula populifolia)
(Rhaionus frangula)
(Sambucus candensis)
(Vaccinium

D
D
O
O

FAC
FAC
FACW-
FACW-

Herbaceous

goldenrod
grasses
woolgrass
pokeweed
phragmites
tussock sedge

Dense

(Solidago sp.)
(Graminae spp.)
(Scirpus cyperinus)
(Phytolaca americana)
(Phragmites sp.)
(Carex stricta)

D
C
C
O
O
O

FACW-f
FACU+
FACW
OBL

Liana

false buckwheat (Polygonum scandens) FACU+

Canopy closure - Very Dense — >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant Common O = Occasional



.Table 6

Plant Community Composition

Drainage Area AA

Forested Wetland Component

Stratum

Tree

gray birch
quaking aspen
swamp white oak

Scientific Name

(Betula populifolia)
(Populus tremula)
(Quercus bicolor)

Canopy Species
Closure Dominance

Medium
Sparse

D
C
O

NWI
Status

FAC
FACU
FACW+

Sapling

gray birch (Betula populifolia)

Medium
Sparse

FAC

Shrub

glossy buckthorn
gray birch
highbush blueberry

(Rhawius francpila)
(Betula populifolia)
(Vaccinium corymbosum)

Dense

D
O
O

FAC
FAC
FACW-

Herbaceous

spinulose wood fern
glossy buckthorn
goldenrod
sedge
lady fern
swamp dewberry

Dense

(Dryopteris spinulosa)
(Rhanmus frangula)
(Solidago sp.)
(Carex sp.)
(Athyrium thelypterioides)
(Rubus hispidus)

D
C
O
O
O
O

FAC+
FAC

FAC
FACW

Liana - none observed

Note: Due to season of observation, limited species observed in
herbaceous stratum.

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant C = Common 0 = Occasional



Table 7

Plant Community Composition

Drainage Area BB

Emergent Wetland Component

Area along ditch - open marsh

Stratum Scientific Name

Shrub

glossy buckthorn
red maple
gray birch

(Rhamnus frangula)
(Acer rubrum)
(Betula populifolia)

Canopy Species
Closure Dominance

Medium
Dense

D
C
O

NWI
Status

FAC
FAC
FAC

Herbaceous

cattail (Typha latifolia)
purple loosestrife- (Lythrum salicaria)
spiraea (Spiraea latifolia)
goldenrod (Solidago sp.)

Dense

D
D
C
C

OBL
FACW+
FAC+

Tree, Sapling and Liana strata - none observed

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant Common O = Occasional



Table 8

Plant Community Composition

Drainage Area BB

Forested Wetland Component

Stratum

Tree

red maple
white oak
gray birch
black cherry
white pine

Scientific Name

(Acer rubrum)
(Quercus alba)
(Betula populifolia)
(Prunus serotina)
(Pinus strobus)

Canopy
Closure

Medium
Dense

Species
Dominance

D
0
0
O

trace

NWI
Status

FAC
FACU-
FAC
FACU
FACU

Sapling

red maple
gray birch

(Acer rubrum)
(Betula populifolia)

Medium
Dense

D
o

FAC
FAC

Shrub

glossy buckthorn
highbush blueberry
red maple
shadbush

(Vaccinium corymbosum)
(Acer rubruia)
(Amelanchier arbutifolia)

Medium
Dense

a)

D
C
C

trace

FAC
FACW-
FAC
FACW

Herbaceous

glossy buckthorn
fern (unidentified)
Indian pipe

(Rhawius frangula)

(Monotropa uniflora)

Sparse
D
O

trace

FAC

FACU-

Liana - none observed

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse - 25%, Sparse = <10%

Species density - D = Dominant C = Common Occasional



Table 9

Plant Community Composition

Drainage Area CC

Scrub-Shrub Component

Thicket Section

Stratum,

Shrub

glossy buckthorn
sweet pepperbush

Scientific Name

(Rhamnus frangula)
(Clethra alnifolia)

gray birch (Betula populifolia)
highbush blueberry (Vaccinium corymbosum)

Canopy
Closure

Very
Dense

Species
Dominance

D
C
C
O

NWI
Status

FAC
FAC+
FAC
FACW-

Herbaceous Sparse

(Osmunda cinnamomea)

(Onoclea sensibilis)

Tree, Sapling, and Liana strata - none observed

Open Meadow Section

cinnamon fern
fern (unidentified)
sensitive fern

Shrub

gray birch
glossy buckthorn
sweet pepperbush
highbush blueberry

(Betula populifolia)
(Rhamnus frangula)
(Clethra alnifolia)
(Vaccinium corymbosum)

Sparse/
Medium

C
0
0

D
D
O
O

FACW

FACW

FAC
FAC
FAC+
FACW-

srbaceous

little bluestem
soft rush
Canada rush
swamp dewberry
twig rush

Dense

(Andropogon scoparius)
(Juncus effusus)
(Juncus canadensis)
(Rubus hispidus)
(Cladium marisoides)

D
C
C
C
O

UPL
FACW+
OBL
FACW
OBL

ie, Sapling, and Liana strata - none observed

opy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

:ies density - D — Dominant C - Common O = Occasional



Table 10

Plant Community Composition

Drainage Area CC

Forested Wetland Component

Stratum

Tree

red maple
gray birch
red oak
pitch pine
white oak
black cherry
white pine

Scientific. Name

(Acer rubrun)
(Betula populifolia)
(Quercus rubra)
(Pinus rigida)
(Quercus alba)
(Prunus serotina)
(Pinus strobus)

Canopy Species
Closure Dominance

Medium
Density

D
C
O
O
0
O
O

NWI
Status

FAC
FAC
FACU-
FACU
FACU-
FACU
FACU

Sapling

red maple (Acer rubrum)

Sparse

FAC

Shrub

glossy buckthorn (Rhanmus frangula)
red maple (Acer ruJbrujn)
Northern arrow-wood (Viburnum recognitum)

Medium
Dense

D
C
O

FAC
FAC
FACW+

Herbaceous

cinnamon fern
sphagnum
royal fern
glossy buckthorn
wood fern
fern (unidentified)

Dense

(Osmunda cinnamomea)
(Sphagnum sp.)
(Osmunda regal is)
(Rhamnus frangula)
(Dryopteris sp.)

D
C
C
C
O
O

FACW
OBL
OBL
FAC

Liana - none observed

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant C = Common 0 = Occasional



Table 11

Plant Community Composition

Drainage Area DD

Emergent Wetland Component

Stratum

Tree

willow
red maple

Scientific Name

(Salix sp.)
(Acer rubrum)

Canopy Species
Closure Dominance

Sparse

D
C

NWI
Status

FACW+
FAC

Sapling

red maple (Acer rubrum)

Sparse

FAC

Shrub

glossy buckthorn
elderberry

Sparse

(Rhamnus frangula)
(Sambucus canadensis)

D
O

FAC
FACW-

Herbaceous

purple loosestrife
goldenrod
jewelweed
sedge
soft rush
evening primrose

Dense

(Lythrum salicaria)
(Solidago sp.)
(Zmpatiens capensis)
(Carex sp.)
(Juncus effusus)
(Oenothera spO

D
C
C
C
O

trace

FACW+

FACW

FACW+

Liana - none observed

Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense
Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant C = Common

50%,

O = Occasional



Table 12

Plant Community Composition

Drainage Area EE

Unconsolidated Bottom Component (Ditch)

Stratum Scientific Name

Tree and Sapling strata - none observed

Canopy Species NWI
Closure Dominance Status

Shrub

red maple
glossy buckthorn

(Acer rubrum)
(Rhamnus frangula)

Sparse

C
C

FAC
FAC

Herbaceous

purple loosestrife
sedge
soft rush
grasses
swamp dewberry

(Lythrum salicaria)
(Carex sp.)
(Juncus effusus)
(Graminae spj?.)
(Rubus hispidus)

Medium
Sparse

C
C
0
O
O

FACW+

FACW+

FACW

Liana - none observed

, Canopy closure - Very Dense = >80%, Dense = 75%, Medium Dense = 50%,
j Medium Sparse = 25%, Sparse = <10%

Species density - D = Dominant C = Common O = Occasional
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APPENDIX J

MAIN STREET PRIVATE WELL SAMPLING

PROTOCOL AND ANALYTICAL REPORTS
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Environmental

Public
Affairs

FOR Y O U R INFORMATION

Notes From Wilmington Trip
9/14/91 - 9/16/91

Home Sampling Program.
Discussions With Local Officials.

S. J. Barbee - New Haven
D. L. Cummings - Charleston
R. J. Horn - Charleston
S. G. Morrow - Charleston
T. P. O'Brien - Easton
A. D. Rheingold - Stamford
D. H. Brewer - Cleveland
L. E. Gaza - Stamford
W. H. Werfelman - Stamford

Curt M. Richards
Environmental Public Affairs

Recycled Paper -
Protecting our resources for the next generation
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Notes

Wilmington, MA Trip

9/14/91 - 9/16/91

Story Line:

o Conducting groundwater study.
o Property access problems with Altron.
o Wednesday, received data from well on Harwick property. High

readings of chromium, sulfates, chlorides, i ammonia,
o Consultant immediately sought more information on Altron wells

(drillers in area). Now has 3 wells with capability of 150
gallons/minute,

o Discovered 1977 Altron found "green water" at 67 feet. At 30
feet water clean,

o Discovered 5 homes not on city water system on Main Street (1000
feet from Site).

o Need to sample private wells to determine if any contamination,
o Expedited analysis - results to be available Friday/Saturday.

Residences On Private Hells:

Gennaro Grasso (508) 658-4450
885 Main Street

o Emino Cavelle - mother-in-law.
o Sophisticated well water treatment system - adjusts pH, removes

iron, filters.
o Tests water couple of times a year. pH has been at 5.5.
o Two wells. Well approximately 30'deep. Well 15 - 20 'deep for

outside use.
o Permission to sample Monday 9/16 9 2:30.
o Sampled kitchen sink and outside faucet,
o Sample 4 & 4A (Inside)
o Sample 5 & 5A (outside - 2nd well)

Charles Spinazola (508) 658-3296
887 Main Street

o Doesn't use residence well. Well collapsed.
o 2nd well at trailer. Use bottled water for drinking.
o Has 3 monitoring wells on property for 21E test for property

transfer. All determined clean by MassEPA.
^o Have CRA determine requirements for 21E?? Information on 21E

public?? (M1ke Bellotti)
o Permission to sample Monday 9/16 9 anytime,
o Sampled outside faucet at trailer,
o Sample 1 & 1A



Jas Montague (508) 658-2123
889 Main Street

o Michelle - granddaughter lives at resident with Traci Daston.
o Use bottled water for drinking.
o Permission to sample Monday 9/16 9 4:00.
o Sampled kitchen sink faucet.
o Sample 6 & 6A

Michael A. Gatta (617) 933-7188
911 Main Street

o Attorney - In Trust for family.
o Rental property.
o Bob Cowers / Oave Cra1g1e / Chuck Mclssac (M.W. Carr) tenants.
o Use bottled water.
o Permission to sample Monday 9/16 93:00.
o Sampled outside faucet. Michael Gatta observed sampling.
o Sample 3 & 3A

Marvin H. 6r«enb«rg (617) 933-7360
919 Main Street

o Attorney.
o Peter Splnazola (617) 935-0041 co-owner (Anchor Body Shop).
o Rental property.
o Diane Cote (508) 658-7450 / Mrs. Carnale tenants.
o Use bottled water for drinking/cooking.
o Permission to sample Monday 92:30
o Sampled upstairs kitchen sink faucet.
o Sample 2 & 2A

Discussions With Town Officials:

Michael Clara, Wilmington Town Manager

o Appreciated notification of activities.
o Wondered why we miss homes on first search.
o Concerned about MassDEP communication.
o Offered to help as Intermediary with Altron. Had no success.
o Stated no need to communicate with other officials except Health &

Conservation at this time,
o Wanted to hear results as soon as available.

Greg EHckson, Director of Health, Town of Wilmington

o Appreciated notification of activities.
o Offered any assistance that he could bring to the situation.
o Provided lead on Michael Gatta.
o Requested sampling analysis when available.



Eileen Chabot, Conservation Administrator, Wilmington Conservation
Commission

o Appreciated notification of activities.
o Expressed delight because "01 in now keeps the Conservation

Commission informed",
o Stated it was "nice" to work with our contractor because they

"did the job right" and "didn't leave the Site looking a mess
when they left".

Follow-up:

o Will travel to Wilmington Friday 9/20 to implement communication
strategy,

o Have committed to residents that I will provide a verbal
communication of the results either Friday evening or Saturday
morning,

o Have committed to Town Manager to provide information as soon as
available and no later then Friday,

o Have committed to Director of Health and Conservation
Administrator to communicate on Friday,

o Have requested that Environmental Remediation communicate with
MassOEP about activities.

—*r o Have requested Environmental Remediation Investigate Mass 21E.
o Have been told by Legal that TOSCA Notification 1s not needed,
o Have suggested that Altron response to Town Manager be discussed

at Site Team meeting Thursday 9/19.
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ASE.A BROWN BOVERI

J.
September 26, 1991 i . ...

fifib
Mr. Michael Bellotti
Olin Chemicals
PO Box 248
Lower River Road
Charleston, TN FILE COPY

Subject: Domestic Well Analysis

Enclosed ar the Reports of Analysis for the six Domestic Wells Sampled on September 16, 1991 . During
our data review it was noted that the Surrogate Recovery for two wells did not meet our QC criteria.
Consequently, we are re-extracting and rerunning these samples. Additionally a computer file corruption
has made it impossible to report the surrogate recovery for another sample. This sample will be re-run
with the other samples. In all cases no herbicides were detected. We will report the results of these re-
runs as soon as they are available.

If you have any questions, please do not hesitate to call me.

Sincerely,

ABB Environmental Services, Inc.

Willard C. Warren, Director
Analytical Laboratory Services

cc: R. Rozene
D. Cameron

ABB Environmental Services, Inc.

Analytic*) Laboratory 340 G/n"'v Road Telephone (207) 874-2400
Posr OMici.- Bo» 720 Fax (207) 775-4029
Wesibnn> Maine 04092



ABB ENVIRONMENTAL, INC.
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340 COUNTY ROAD NO. 5
P. 0, BOX 720
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COLIFORMS. FECAL
COLIFORWS. TOTAL
PH (LABORATORY)
RESIDUE. FILTERABLE
SODIUM. TOTAL
BARIUM. TOTAL
IRON. TOTAL
MANGANESF., TOTAL
ALUMINU* TOTAL
CHROMT'JH. HEXA'-'ALENT
ARSEN::. TOTAL
BERYLLIiJ*. TOTAL
CADMI'J*. T(?TAL
CHROMIUM. TOTAL
COPPER, TOTAL
LEAD. TOTAL
THALLIUM. TOTAL
NICKEL, TOTAL
SILVER. TOTAL
ZINC. TOTAL
ANTIMONY, TOTAL
SELENIUM, TOTAL
MERCURY, TOTAL
CHLORIDE
CYANIDE,
FLUORIDE
AMMONIA,
NITROGEN. TOTAL
NITRATE. AS N
SULFATE

CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

(TTJS)

TOTAL
AS N

KJELDAHL

DU1
91259009
9/16/91

< 1
< 1

6.7
120
17

< 0,005
1,2
0.72

< 0.10
< 0,010
< 0.005
< 0.015
< 0.002
< 0.015

0,039
<. 0,005
< 0,005
( 0,040
< 0,015
< 0,025
< 0,005
< 0,005
<. 0.20

21
< 20
< 0.20
< 0.10
< 0.10

0.29
16

DU1A
91259010
9/16/91

< 1
< 1

6.1
120
17

< 0.005
1,2
0.72

< 0.10
< 0.010
< 0,005
< 0.015
< 0.002
< 0.015

0.036
< 0.005
< 0.005
< 0.040
< 0.015
< 0,025
< 0.005
< 0.005
< 0,20

21
{ 20
< 0,20
< 0,10

0,18
0.26
16

ETHYLENE DIBROMIDE

ETHYLEHE DIBROMIDE < 0.2 <

1,2-DIBROMQ-3-CHLOROPROPANE

1.2-DIBROMO-3-CHLOROPROPANE < 0,5 <

F-ESTICIDES «, PCB'S SURROGATE RECOVERY

2.4.5.6-TETRACHLORO-META-XYLENE 140

PRIMARY DRINKING WATER STANDARDS PEST,

EHDRIN
LINDANE
METHOXYCHLOR

< 1 <
< 1 <
< 1 <

0.2

0.5

110

UNITS
/100 ML
/100 ML

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MGA
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MG/L
MG/L
MG/L

UGA

UG/L

UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DU1
91259009
9/16/91

DU1A
91259010
9/16/91

PRIMARY DRINKING WATER STANDARDS FIST. (CONT)

TGXAPHENE < 1 <

DRINKING WATER SURROGATE RECOVERY - PEST

2,4.5.6-TETRACHLORO-META-XYLENE 100

PRIMARY DRINKING WATER STANDARDS HERB.

2,4-D
2.4;5-TP(SILVEX)

2,4-DP

10
1

DRINKING WATER SURROGATE RECOVERY - HERB

DRIVING WATER VOLATILES

BENZENE
PROMGBENZENE
BROMOCHIQROMETHANE
BRONQBICHLGROHETHANE
BROMOFORfi
BROMOMETHANE
N-BUTYLBENZENE
BEC-BUTYLPENZENE
TEPT-8UTYLBENZENE
CARBON TETRACHLORIDE
CHLOR3BENZENE
CHLOROETHANE
CHLOROFORM
CHLOROHETHANE
2-CHLOROTOLUENE
4-CHLOROTOLUENE
DIWOMOCHLOROMETHANE
1,2-DIBROMO-3-CHLOROPROPANE
1,2-BIBROMQETHANE
DIBROHOMETHANE
1,2-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
PICHLORODIFLUOROMETHANE
1,1-DICHLCROETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHENE
CIS-! ,2-r»ICHLOTCETHENE
TRANS-1,2-DICHLOROETHENE
1.2-DICHLOROPROPANE
1.3-DICHLQROPROPANE
2.2-niCHLOPOPROPANE
1,1-DICHLOROPROPENE
CIE-1,3-DICHLOROPROPENE
TRANS-1,3-DICHLOROPROPENE
ETHYLBENZENE
HEXACHLOROBUTADIENE
ISOPROPYLBENZENE
4-ISQPROPYLTOLUENE
METHYLENE CHLORIDE
NAPHTHALENE
N-PROPYLBCNZENL
STYRENF
1.1.1.2-TETRACHLOROETHANE
1.1.2,2-TrTRACHLOROETHANE

26

1

95

10
1

30

<
{
<
<
<
{
{
(
<
<
{
<
<
(
<
<
<
(
<
<
(
<
<
<
<
(
<
(
{
{
{
<
<
<
{
(

JB
<
<
6
JB
<
<
(
<

0.08
0.05
0.16
0.21
0.17
0.16
0.08
0.05
0.06
0.12
0.05
0.13
0.16
0.18
0.11
0.1

0.19
0.85
0.11
0.18
0.1
0.1
0.1

0.21
0.11
0.1

0.19
0.22
0.2

0.12
0.14
0.27
0.12
0.14
0.11
0,1

0.10
0,04
0.08
1,2

0.05
0.07
0,12
0,11
0.17

< 0.08
< 0.05
< 0.16
< 0.21
< 0.17
< 0.16
< 0.08
< 0.05
< 0.06
< 0.12
< 0.05
< 0.13
< 0.16
< 0.18
< 0.11
< 0.1
< 0.19
< 0.85
< 0.11
i 0.18
< 0.1
< 0.1
< 0.1
< 0.21
< 0.11
< 0.1
< 0.19
< 0,22
< 0.2
< 0,12
< 0.14
< 0.27
< 0,12
< 0.14
< 0.11
< 0.1
< 0.12
< 0.04
< 0.08
6 0.87
JB 0.05
< 0.07
< 0.12
< 0.11
< 0.17

UNITS

UG/L

UGA
UGA

UG/L
UG/L
UG/L
UG/L

UGA
UGA
UGA
UGA
UGA
UGA
UG/L
UG/L
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UG/L
UG/L
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
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CLIENT SAMPLE ID
ABB SAHFtE ID
DATE RECEIVED

DRINKING WATER VOLATILES

TETRACHLOROETHENE
TOLUENE
1,2,3-TRICHLOROBENZENE
1,2,4-TRICHLQROBENZENE
1,1.1-TRICHLOROETHANE
1.1,2-TRICHLOROETHANE
TPICHLOROETHENE
TRICHLOROFLUOROMETHANE
1,2,3-TPICHLOROPROPANE
1,2,4-TRIMETHYLBENZENE
1,3.5-TRIMETHYLBENZENE
VINYL CHLORIDE
0-XYLENE
M-XYLENE / P-XYLENE

DW1
91259009
9/16/91

0.04
0.13
0.11
0.06
0.1
0.2
0.1
0.13
0.18
0.08
0.02
0.25
0.16
0.22

JB

DU1A
91259010
9/16/91

(CONT)

< 0.04
< 0.13
< 0.11
< 0.06
< 0.1
< 0.2
< 0.1
< 0.13
< 0.18
< 0.08
< 0.07
< 0.25
< 0.16
< 0.22

VOLATILE SURROGATE RECOVERY

P-BROMOFLUOROBENZENE
1.2-l'!CHLORQBENZENE-D4

71
44*« 44 **

SEMIVOLATILE ORGANIC PRIORITY POLLUTANTS

BENZO(B)FLUORANTHENE
BENZCKK) FLUORANTHENE
CHRYSENE
BENZO(A)ANTHRACENE
ANTHRACENE
PHENANTHRENE
ACENAPHTHYLENE
ACENAPHTHENE
BENZO<A)PYRENE
BIS(2-CHLOROETHYL)ETHER
BIS (2-CHLOROETHOXY) METHAt€
BIS(2-CHLOROISOPROPYL)ETHER
BUTYL BENZYL PHTHALATE
BIETHYLPHTHALATE
DIMETHYLPHTHALATE
FLUORANTHENE
FLUORENE
HEXACHLOROCYCLOPENTADIENE
HEXACHLOROBUTADIENE
HEXACHLOROETHANE
INDENO',1,2.3-CD)PYRENE
ISOPHORONE
N-NITROSODI-N-PFOPYLAMINE
N-NITROSODIPHENYLAMINE
N-NITROSODIMETHYLAMINE
NITROBENZENE
4-CHLQRO-3-METHYLPHENOL
PYRENE
BENZO(GHI)PERYLENE
1,2-DICHLOROBENZENE
1,2,4-TRICHLOROBENZENE
DIBENZO<A,H)ANTHRACENE
1,3-DICHLQROBENZENE
1,4-PICHLOROBENZENE
2-CHLORONAPHTHALENE
2-CHLOROF'HENOL
2-NITROF-HENOL
DI-N-OCTYLPHTHALATE
2.4-DICHLOROWENOL
2,4-DIMETHYLF^ENOL

76
42

< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
( 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
( 10 <
< 10 <
< 10 <
< 10 <
< 10 <
( 10 <
< 10 <
( 10 <
( 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <
< 10 <

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

UNITS

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UG/L
UG/L
UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DU1
91259009
9/16/91

DU1A
91259010
9/16/91

SEMIVOLATILE ORGANIC PRIORITY POLLUTANTS (CONT)

2,4-DINITROTOLUENE
2,4-DINITROPHENOL
2.4,£-rRICHLOROPHENOL
2.6-DINITROTOLUENE
3,3-D!CHLORGBENZIDINE
4-BRCWOPHENYL PHENYL ETHER
4-CHLOROPHENYL PHENYL ETHER
4-NITROPHENOL
2-METHYL-4,6-DINITROPHENOL
PHENOL
NAPHTHALENE
.PENTACHLOROPHENOL
BIS(2-ETHYLHEXYL)PHTHALATE
DI-N-BUTYLPHTHALATE
BENZIDINE
HEXACHLOROBENZENE
1,2-DIPHENYLDRAZINE

< 10 <
< 50 <
< 10 <
( 10 <
< 20 (
< 10 <
< 10 <
<• 50 <
< 50 <
< 10 <
< 10 <
< 50 <
< 10 <
< 10 <
< 50 <
< 10 <
< 10 <

10
50
10
10
20
10
10
50
50

. 10
10
50
10
10
50
10
10

SEMIVOLATILE SURROGATE RECOVERY

2-FLUOPOPHENOL
PHENOL-P5
NITROBEXZENE-Ifi
2-FLUOROBIPHENYL
2>4.&-T*;I8ROMQPHENOL
TERPHENYL-D14

43
25
74
S3
70
74

37
22
72
80
59
78

UNITS

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

X
X
X
X
X
X

SIGNATURE
RELEASED BY

CLIENT AUTHORIZATION
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J = Indicates an estimated value. The analyte was detected in the sample at
a concentration greater than the measured detection limit but less than
the laboratory's Practical Quantitation Level.

B = Analyte was detected in the laboratory method blank analyzed
concurrently with the samples.

Please refer to the Quality Control Report for method blank compound
concentrations.

** Surrogate recovery does not meet internal QC criteria. Insufficient
sample remained for reanalysis.
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COLIFOPf;. FECAL

CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

P'H
RESIPJF.
SODIU".

FILTERABLE (TDS)
QTAL

IRON. TOTAL
MANGANtSF, TOTAL
ALUMINUM, TOTAL
CHPOHI-JK,
ARSENIC. TTTAL
BERYLLT'.ir TOTAL
CADMIUH. TOTAL
CHROMIUM- TOTAL
COPPEP, TOTAL
LEAD. TOTAL
THALLIUM, TOTAL
NICKEL, TOTAL
SILVER, TOTAL
ZINC, TOTAL
ANTIMONY. TOTAL
SELENIUM, TOTAL
MERCURY. TOTAL
CHLORIDE
CYANIDE, TOTAL
FLUORIDE
AMMONIA, AS N
NITROGEN, TOTAL KJELDAHL
NITRATF, AS N
5ULFATE

DU2
91259011
9/16/91

2
12
6,5
140
20

0,022
0.48
0,97

< 0.10
( 0.010
( 0,005
< 0.015
< 0,002
< 0,015

0.040
< 0.005
< 0.005
( 0.040
( 0,015
< 0,025
S < 0.005
( 0.005
< 0.20

42
< 20
< 0.20

0,32
0.27

» 0.19
13

ETHYLENE DIBROMIDE

ETHYLENF. DIBROMIDE < 0.2

1,2-DIBROMO-3-CHLOROPROF'ANE

l,2-DIBROMG-3-OLOROPROPANE < 0,5

PESTICIDES & PCB'S SURROGATE RECOVERY

2,4,5,6-TETRACHLORO-META-XYLENE 110

PRIMARY DRINKING WATER STANDARDS PEST.

ENIiPIN
LINDANE
METHOXYCHLOR

UNITS
/100 ML
/100 ML

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MG/L
MG/L
MG/L

UG/L

UG/L

UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DW2
91259011
9/16/91 UNITS

PRIMARY DRINKING WATER STANDARDS PEST, (CONT)

TQXAFHENJ: < 1 UGA

DRINKING WATER SURROGATE RECOVERY - PEST

2,4.5,6-TETRACHLORO-META-XYLENE 110 X

PRIMARY DRINKING WATER STANDARDS HERB.

2.4-D • < 10
1

UG/L
UG/L

DRINKING WATER SURROGATE RECOVERY - HERB

DRINKING WATER VOLATILES

BENZENE
BROM03FNZENE
BROMOCHLORCMETHANE
BRCMODICHLOROMETHANE
BROMQFORM
BROMWETHANE
N-BUTYLBENZENE
SEC-BUTYLBENZENE
TERT-BUTYLBENZENE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROETHANE
CHLOROFORM
CHLOROMETHANE
2-CHLOROTOLUENE
4-CHLOROTOLUENE
DIBROMOCHLOROMETHANE
1,2-DIBROMO-3-CHLOROPROPAME
1,2-DIBROMOETHANE
DIBPOMOMETHANE
1,2-HICHLOROBENZENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
DICHLORODIFLUOROMETHANE
1.1-DICHLOROETHANE
1,2-DICHLOROETHANE
1.1-IUCHLOROETHENE
CIS-1,2-PICHLOROETHENE
TRANS-1,2-DICHLOROETHDC
1.2-BICHLOROPROPANE
1,3-DICHLOROPROPANE
2,2-DICHLOROPROPANE
1,1-DICHLOROPROPENE
CI3-1,3-DICHLOROPROFENE
TRANS-1,3-DICHLOROPROPENE
ETHYLBENZENE
HEXACHLOROBUTADIENE
ISOPROF'YLBPNZENE
4-ISOPROPYLTOLUENE
METHYLENE CHLORIDE
NAPHTHALENE
N-PROFYLBENZENE
STYRENE
1,1.1,2-TETRACHLOROETHANE
1,1,2,2-TTTRACHLOROETHANE

39

0.08
0,05
0,16
0.21
0,17
0,16
0.06
0.05
0.06
0.12
0»05
0.13
0.16
0.18
0.11
0.1
0.19
0.85
0.11
0.18
0.1
0.1
0.1
0.21
0.11
0.1
0.19
0.22
0.2
0.12
0,14
0.27
0.12
0.14
0,11
0.1
0.12
0.04
0,08
0.44
0.21
0.07
0.12
0,11
0.17

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UG/L
UGA
UGA
UGA
UG/L
UG/L
UGA
UGA
UGA
UGA
UG/L
UGA
UG/L
UGA
UGA
UGA
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DRINKING WATER VOLATILES

TETRACHLOROETHENE
TOLUENE
1,2,3-TPICHLOROBENZENE
1,2,A-TRICHLQRGBDOENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHENE
TP.ICHLOROFLUOROMETHANE
1,2,3-TFICHLOROPROPANE
1.2,4-TRIHETHYL2OEENE
1,3,5-TKIMETHYLBENZENE
VINYL CHLORIDE
0-XYLEWE
M-XYLENE / P-XYLENE

DW2
91259011
9/16/91

0,04
0,13
0.11
0.06
0.1
0,2
0,1
0.13
0.18
0.08
0.07
0.25
0.16
0,22

UNITS

(CONT)

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

VOLATILE SURROGATE RECOVERY

P-BROMCF'JJGROBENZENE
1.2-PICHLOROBENZENE-D4

77
84

SEMIVCLATILE ORGANIC PRIORITY POLLUTANTS

BENZO<B)FLUORANTHENE
BEN7Q ( K ) H-UORANTHENE
CHRYSENE
BENZO( A) ANTHRACENE
ANTHRACENE
PHENANTHRENE
ACENAPHTHYLENE
ACENAPHTHENE
BENZC<A)PYRENE
BIS<2-CHLOROETHYL)ETHER
BISf 2-CHLOROETHOXY )METHANE
BIS<2-CHLOROISOPROPYL)ETHER
Bl'̂ L BENZYL PHTHALATE
DItTHYLPHTHALATE
DIHETHYLPWTHALATE
FLUORANTHENE
-

HEXACHLO^OCYCLOF-ENTADIENE
HEXACHLŴ BLTAIlIENE
HEXACHLOROETHANE
INDENO(1,2,3-CD)PYRENE
ISOPHORONE
N-NITR(}SODI-̂ -̂PROPYLAHINE
fM̂ ITRQSQDIPHENYLAMINE
N-NITROSODIMETKYLAHINE
NITROBENZENE
4-CHLORO-3-METHYLPHENOL
PYRENE
BEN20(GKI)PERYLENE
U2-DICHLOROBEN2ENE
1,2,4-TRICHLOROBENZENE
DIBEN20(A,H)ANTHRACENE
1,3-DICHLOROBENZENE
1.4-DICHLOROBENZENE
2-CHLORONAPHTHALENE
2-CHLOROPHENOL
2-NITROPHENOL
DI-N-OCTYLPHTHALATE
2̂ 4-DICHLOROPHENOL
2,4-DIMETHYLPHENOL

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

X
X

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA.
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAtfLE ID
DATE RECEIVED

DW2
91259011
9/16/91 UNITS

SEMVOLATILE ORGANIC PRIORITY POLLUTANTS (CONT)

2,4-DIHITROTOLUENE
2.4-DINITRDPHENOL
2,4, c-TRICHLORDPHENOL
2,6-DINITROTOLUENE
3,3-DICHLOROBENZIBINE
4-BRQHOPHENYL PHENYL ETHER
4-CHLOROPHENYL PHENYL ETHER
4-NITROPHENOL
2-fCTHYL-4,6-DINITROPHENOL
PHENOL
NAPHTHALENE
PENTACHLOROPHENOL
BIS<2-ETKYLHEXYL)PHTHALATE
DI-N-BUTYLPHTHALATE
BENZIDINE
HEXACHLOROBENZENE
1.2-DPHENYLDRAZINE

10
50
10
10
20
10
10
50
50
10
10
50
10
10
50
10
10

SEMIVOLATILE SURROGATE RECOVERY

2-FL'JOROPHENOL
PHENOL-D5
NITRGBENZENE-re
2-R.UOROBIPHENYL
2,4.i-TF:IBROMOF'HENOL
TERPHENYL-L14

39
22
77
80
64
75

UG/L
UG/L
UGA
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

X
X
X
X
X
X

SIGNATURE
RELEASED BY

CLIENT AUTHORIZATION
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* The reported value is the mean of two or more replicate analyses of the
sample. The precision of the replicate analyses is outside the
laboratory's acceptance range for this parameter. Sample homogeneity
may be a factor.

# Matrix spike recovery is outside the laboratory's specified acceptance
range indicating potential sample matrix interference and potential bias
of reported value for this parameter.

B = Analyte was detected in the laboratory method blank analyzed
concurrently with the'samples.

Please refer to the Quality Control Report for method blank compound
concentrations.
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CLIENT SAhPLE ID
ABB SAMPLE ID
DATE RECEIVED

F-jJ f!_itf?,piT^'

FECAL
TTAL

(TDS)

IRON.
, TOTAL

ALUMINUM. TOTAL
MTY.AVALENT

6ERVLL :•:<*. TOTAL
CADMIUM. T3TftL
CHROMA. TOTAL
COPPES, TOTAL
LEAP. TOTAL
THALLIUM, TCTAL
NICKEL. TCTAL
SILVER. TOTAL
ZINC, TOTAL
ANTIMONY, TOTAL
SELENIUM, TOTAL
MERCURT. TOTAL
CHLORirf
CYANIHE.
FLUOR IK
AMMONIA,
HITRQGtN
NITRATE, AS N
SULFATE

TOTAL

AS N
TOTAL KJELDAHL

ETHYLENE DIBROMIDE

ETHYLENE DIBROMIDE

DU3
91259012
9/16/91

< 1
< 1

6,2
150
31

0.007
0.64
0.16

< 0.10
< 0.010
< 0,005
< 0.015
< 0.002
< 0.015

0.032
< 0.005
< '0.005
< 0.040
( 0.015

0.14
< 0,005
< 0,005
< 0,20

56
t 20
< 0,20
< 0,10

0,12
0,29
16

0,2

1,2-BIBRQMO-3-CHLORQPROPANE

l,2-DIBROMO-3-CHLOROPROPfiNE ( 0.5

PESTICIDES & PCB'S SURROGATE RECOVERY

2,4T5.6-TETRACHLORO-»€TA-)frLENE ' 78

PRIMARY DRINKING WATER STANDARDS PEST,

LINDANE
HrmCXYCHLOF

UNITS
/100 ML
/100 hL

MG/L
MG/L
MG/L
MG/L
HG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
UG/L
HG/L
UG/L
MG/L
MG/L
MG/L
MG/L
MG/L

UG/L

UG/L

UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

[>U3
91259012
9/16/91 UNITS

PRIMARY DRINKING UATER STANDARDS PEST. <CQNT>

TGXAPHENE < i
DRINKING WATER SURROGATE RECOVERY - PEST

UG/L

2.4.5,i-TETRACHLORO-HETA-XYLENE 100

PRIMARY DRINKING WATER STANDARDS HERB*

2.4-D
2,4.5-TP<SILVEX)

2.4-DB

10
1

UG/L
UG/L

DRINKING UATER SURROGATE RECOVERY - HERB

DRINKING WATER VOLATILES

BENZENE
8ROMGBENIEHE
BROMQCHLfTROMETHANE
BROMODICHLOROMETHANE
WOMOFORi*
BPOKGMETHANE
N-31TYLBENZENE
SEr-BS/TYLBENZENE
TEPT-BUr.'LBEMZENE
CAF.E3?; TETRACHLORIDE
CHLOROPENZENE
CHLOROrmANE
CHLOROFORM
CHLOROMETHANE
2-CHLQROTOLUENE
4-CHLOROTOLUENE
DIBROMOCHLOROMETHANE
1 ,2-DIBROMO-3-CHLOROPROPANE
1.2-DIBROMOETHANE
BiBROMOMETHANE
1,2-DICHLOROBEHZENE
1.3-riCHLOROBENZENE
3,4-DICHLOROBENZENE
DICHLORODIFLUOROMETHANE
1.1-PICHLHROETHANE
1,2-DICHLOROETHANE
1.1-PICHLOROETHQC
CIS-1. .2-D!CHLOF.'OETHENE
TRANS-1 ,2-DICHLOROETHENE
1,2-DICHLOROPROPANE
1.3-niCHLOPOPROPANE
2,2-DICHLOROPROPANE
1,1-DlCHLOROPROPENE
CIS-1 ,3-DICHLOROPROPENE
TRANS-1 ,3-DICHLOROPROF'ENE
ETHYLBENZENE
HEXACHLOROBUTADIENE
IStDPROPYLBOGENE
4-ISOPF.-OPYLTOLUENE
METKYLENE CHLORIDE
NAPHTHALENE
fi-PROPYLBENZENE

1 . 1 , 1 , 2-TETRACHLOROETHANE
1.1.2. 2-TETRACHLOROETHANE

14

0.08
0.05
0.16
0.21
0.17
0.16
0.08
0.05
0.06
0.12
0.05
0.13
0.16
0.18
0.11
0.1
0.19
0.85
0.11
0.18
0.1
0.1
0.1
0.21
0.11
0.1
0.19
0.22
0.2
0.12
0.14
0.27
0.12
0.14
0.11
0.1
0.12
0.04
0.08
0.71
0.21
0.07
0.12
0.11
0.17

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID

MO
91259012

TETRACHLOROETHENE
TOLUENE
1,2,3-TRICHLOROBENZENE

•
1,1,1-TRICHLOROETHANE
1.1, 2-TRICHLOROET.HANE
TRICHLORCETHENE
TRICHLOROFLUOROMETHANE
1,2,3-TRICHLOROPROPANE
1 ,2,4-TRI«THYLBENZENE
1 .3,5-TRIMETHYLBENZENE
VINYL CHLORIDE
0-XYLENE

' P-XYLENE

P-BRCWOnjJQRQBENZENE
1,2-DICHLOPQ3ENZENE-D4

FENZQ(E;FLUORANTHENE
BENZOL>njJQRANTHEN£
CHRYSENE
8ENKK A) ANTHRACENE
ANTHRACENE
PHENANTHRENE
ACENAPHTHYLENE
ACENAF-HTHENE
BENZO<A)FYRENE
BIS(2-CHLOROETHYL)ETHEF:
BISC2-CHLCROETHOXY)MET
BIS <2-CHLORGISOPRDPYL)
BUTYL BENZYL PHTHALATE
DIETHYLPHTHALATE
DIMETHYLPHTHALATE
R-UORANTHENE
F1UORE>€
HEXACHLOROCYCLOPE
HOACHLOROBUTADIENE
HEXACHLOROETHANE
INDENO<1,2,3-CD)PYRENE
ISOPHORQNE
N-NITROSODI-N-P
N-NITROSODIPHENYLAMINE
N-NITP:OSOI!I^ETHYLAMINE
NITROBENZENE
4-CHLORO-3-METHYLPHENOL
PYRENE
BENZG(GHI)PERYLENE
U2-DICHLQROBEN2ENE
1.2,4-TRICHLOROBEN2ENE
DIBENZO(A,H)ANTHRACENE
1,3-DICHLOROBENZENE
!,4-DICHLOROBENZENE
2-CHLOfONAPHTHALOvE
2-CHLOF:OF-HENOL
2-NITROPHENOL
DI-N-OCTYLPHTHALATE
2,4-DICHLOROPHENOL

DATE RECEIVED 9/16/91

DRINKING WATER VOLATILES

<
<

EC <
£NE <
:*£ <
WE <

•1ANE <
"ANE <
ZENE <
ENE <

<

VOLATILE SURROGATE RECOVERY

€
:-D4
SEMIVOLATILE ORGANIC PRIORITY

C <
€ <

<
<
(
<
<
<
<

m€R <
(METHANE <
:'YL) ETHER <
-ATE <

{
<
(
<

[ADIENE <

(
»C (

<
fLAMINE <
«NE <
1INE <

<
•ENOL <

<
<

EENE <
:ENE <

<
<
<
<

0,04
0,13
0,11
0,06
0.1
0.2
0.1

0.13
0.18
0.08
0,07
0,25
0,16
0,22

90
72

F-QLLUTANTS

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

UNITS

(CONT)

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA

X
X

UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UG/L
UGA
UGA
UGA
UG/L
UGA
UGA
UGA
UG/L
UG/L
UGA
UGA
UGA
UGA
UG/L
UGA
UG/L
UGA
UGA
UGA
UGA
UGA
UG/L
UGA
UGA
UGA
UGA
UGA
UGA
UGA
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEI\£B

DU3
91259012
9/16/91 UNITS

SEMVOLATILE ORGANIC PRIORITY POLLUTANTS (CONT)

2,4-OINITROTOLUENE
2,4-DINITPOPHENOL
2,4,6-TRICHLOROPHENOL
2,6-DINITROTOLUENE
3,3-DICHLOROEENZIDINE
4-BROMQPHENYL PHENYL ETHER
4-CHLOROPHENYL PHENYL ETHER
4-NITROPHENOL
2-METHYL-4,6-DINITROPHENOL
PHENOL
NAPHTHALENE
PENTftCHLOROPHENOL
BIS (2-ETHY1.HEXYL) PHTHALATE
DI-N-BUTYLPHTr«ALATE
BEN2IDINE
HEXACHLOROBENZENE
1,2-DIPHENYLDRAZlNE

3EHIVOLATILE SURROGATE

2-P-UOF'QF-HENOL
PHENOL-K
NITPOBENZENE-D5
2-n.UOROBTPHENYL
2,4.*-TR!BROMOPHENOL
TERPHENYL-H1-?

10
50
10
10
20
10
10
50
50
10
10
50
10
10
50
10
10

49
31
77
77
78
75

UG/L
UG/L
UGA.
UG/L
UGA
UG/L
UG/L
UG/L

UGA
UGA
UGA
OGA
UGA
UGA
UGA
UGA

X
X
X
X
X
X

SIGNATURE
KELEASED BY

CLIENT AUTHORIZATION

OAOJ
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B = Analyte was detected in the laboratory method blank analyzed
concurrently with the samples.

Please refer to the Quality Control Report for method blank compound
concentrations.

@ Surrogate recovery does not meet internal QC criteria. Sample will be
reextracted and reported at a later date.
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

R E S I D . " I L A B L E (TDS)
SODIJ- TCTAL

TOTAL

;•. TOTAL
. rCTAL
. TCTALTOT^

LEA!'-, ~!3TAL

ZINC- TOTAL
MV. TOTAL

TOTAL

DU4
91259013
9/16/91

< 1
< 1

7.3
140
21

0.006
0.43
0.38

< 0.10
< 0.010
< 0,005
< 0.015
< 0.002
< 0,015
< 0.025

0.005
< 0.005
< 0.040
< 0.015
( 0.025
< 0,005
< 0.005
< 0,20

34
< 20
< 0,20

0,54
0.72
0,22
18

UNITS
/100 ML
/100 ML

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MGA
MG/L
MG/L

AMMONIA, AS N
NITTOGE", TOTAL KJELDAHL
NITRATE, A3 N
SULFATE

ETHYLENE DIBROMIDE

ETHYLEVE DIBROMIIC < 0.2

1,2-DIBROMO-3-CHLOROPROPANE

!,2-D7BP,OMO-3-CHLOROPROPANE < 0,5

PESTICIDES i. PCB'S SURROGATE RECOVERY

:,4,5,£-TETRACHLORG-*TA-XYLENE 140

PRIMARY DRINKING UATER 5TANDARK PEST,

ENItflN
LIW3ANE

UG/L

UG/L

UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

QUA
91259013
9/16/91

PRIMARY DRINKING WATER STANDARDS PEST.

UNITS

<CONT>

TOXAPHEME < 1 IJG/L

DRINKING WATER SURROGATE RECOVERY - PEST

2.4,5;6-TETRACHLORO-META-XYLENE 60 X

PRIMARY DRINKING WATER STANDARDS HERB,

2.4-D < 10
1

UG/L
UG/L

DRINKING WATER SURROGATE RECOVERY - HERB

2,4-DP

DRINKING WATER VOLATILES

BENZENE
BP-OIQBENZENE
BROhOCHLOPQMETHAME
BROMODICHLOROMETHANE
BRQMCFQF-.M
BROMOMETHANE
N-BUTYLBEW7.ENE
SEC-FUTYLBENZENE
TERT-BUTYLBENZENE
CARBON TETRACKLORIDE
CHLORGBENZENE
CHLORQETHANE
CHLOROFORM
CHLOROMETHANE
2-CHLOCOTOLUENE
4-CHLOROTOLUENE
DIBROMOCHLORGMETHANE
1 , 2-PIBROMO-3-CHLOROPROPANE
1,2-DIBROhOETHANE
DIBROMOMETHANE
1,2-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
DICHLORODIFLUOROMETHANE
1,1-DICHLOfiOETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHENE
CIS-1 . 2-DICHLOROETHENE
TRANS-1 , 2-DICHLOROETHENE
1,2-DICHLOROPROPANE
1,3-DICHLOROPROPANE
2,2-DICHLOROPROPANE
1,1-DICHLOROPROPENE
CIS-1 ,3-DICHLOROPROPENE
TRANS-1 ,3-DICHLOROPROPENE
ETHYLBENZENE
HEXACHLOROBUTADIENE
ISOPROF'YLBENZENE
4-ISOPROPYLTOLUENE
METHYLENE CHLORIDE
NAPHTHALENE
N-PROPr,.BEN2ENE

1.1.1, 2-TETRACHLOROETHANE
1 , 1 1 2 , 2-TETRACHLOROETHANE

0.08
0.05
0.16
0.21
0.17
0.16
0.08
0.05
0.06
0.12
0.05
0.13
0.16
0.18
0.11
0.1
0.19
0.85
0.11
0.18
0.1
0.1
0.1
0.21
0.11
0.1
0.19
0.22
0.2
0.12
0.14
0.27
0.12
0.14
0,11
0.1
0.12
0,04
0.08
0.48
0.21
0.07
0,12
0,11
0.17

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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B = Analyte was detected in the laboratory method blank analyzed
concurrently with the samples.

Please refer to the Quality Control Report for method blank compound
concentrations.

*** Unable to calculate surrogate recovery due to computer file corruption;
sample will be reanalyzed and reported at a later date.
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COLIF^'-F. TECAL
coLirTMt. TOTAL
Of CT'll IT

?ARi:>.

CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

(TBS)

TAL

COPPE? T"M-
LEAP- TOTAL
THALLIUM, TGT,i,L
NICK?.- TC^A'_
SILVER. TOTAL
ZINC. T3TAL
ANTIMONY, TOTAL
SELENIUM, TGTAL
MERCUPV, TOTAL
CHLOF:T'.'E
CYANIDE. "OTAL
FLUORIDE
AMW^I*, AS N
NITROGEN. TOTAL KJELDAHL
T̂TC.i-r 4,5 (J

ETHYLENE DIBROMIDE

KYLENE DIBROMIDE

OW5
91259014
9/16/91

<
<

<
<
<
<
<
<
<
<
<
<
<

<
<
<

<.
(

1
1

6.6
140
32

0.022
1.5
0.84
0.10
0.010
0.005
0,015
0,002
0.015
0.025
0,005
0.005
0.040
0.015
0.054
0.005
0,005
0.20
28
20

0.20
7.6
7.6
1.4
16

0.2

1,2-DIBROMO-3-CHLOROPROPANE

l^-DIBROMO-o-CHLOROF-ROF'ANE ( 0,5

F-ESTICIDES 4 PCB'S SURROGATE RECOVERY

2.4,5,6-TETRACHLORO-META-XYLENE 140

PRIMARY DRINKING OATER STANDAf<DS PEST,

ENIiRIN
LINDANE
METHOXYCHLOR

UNITS
/100 ML
/100 ML

MG/L
MG/L
MG/L
MG/L
MGA.
MG/L
MG/L
MG/L
MG/L
MG/L
MCA
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MG/L
MG/L
MG/L

UG/L

UG/L

UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DW5
91259014
9/16/91 UNITS

PRIMARY DRINKING WATER STANDARDS PEST. (CONT)

TOXAPHENE < 1 UGA

DRINKING WATER SURROGATE RECOVERY - PEST

2,4,?,6-TETRACHLORO-HETA-XYLENE 110 X

PRIMARY DRINKING WATER STANDARDS f£RB,

2,4-D
2,4,5-TP<SILVEX>

2,4-PP

10
1

UGA
UG/L

DRINKING WATER SURROGATE RECOVERY - HERB

DRINKING WATER VOLATILES

BENZENE
BROMGBENZENE
BROMOCHLOPOrfETHANE
BROHOMCHLOROMETHANE
BPOHOFORM
BPOHQMETHANE
N-BLTYLBENZENE
SEC-BUTYLBENZENE

CAPBCN TETJ-'ACHLORIDE
CHLORQSENZENE
CHLOROETHANE
CHLOPOFOf*
CHLORO^ETHANE
2-CHLOROTOLUENE
4-CHLOROTOLUENE
r-IBROHOCHLOROMETHANE
1 ,2-DIBROMO-3-CH.OROPROPANE
1,2-PIBROMOETHANE
DIBROMOMETHANE
1,2-r-ICHLOROBENZENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
DICHLORODIFLUOROMETHANE
1,1-DICHLOROETHANE
1,2-PICHLOROEnn-KNE
1,1-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
TRANS-l , 2-DICHLOROETHENE
1,2-nCHLQROF-ROPANE
1,3-DICHLOROPROPANE
2,2-DICHLOROPROPANE
M-DICHLOROPROPENE
CIS-1 ,3-DICHLOROPROPENE
TRANS-l ,3-DICHLOROPROPENE
ETHYLBENZENE
HEXACHLOROBUTADIENE
ISOPROPYLBENZENE
4-ISOPROPYLTOLUENE
METHYLENE CHLORIDE
NAPHTHALENE
N-PTCPYLBENZENE

1,1,1, 2-TETRACHLOROETHANE
1 , 1 , 2 , 2-TETRACHLOROETHANE

110

0.08
0.05
0.16
0.21
0.17
0.16
0.06
0.05
0.06
0.12
0.05
0.13
0.16
0.13
0.11
0.1

0.19
0.85
0.11
0.18
0.1
0.1

0.19
0.21
0.11
0.1

0,19
0.22
0.2

0.12
0.14
0.27
0.12
0.14
0.11
0,1

0.12
0.04
0.08
0.54
0,21
0.07
0.12
0.11
0,17

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UG/L
UG/L
UG/L
UG/L

UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UG/L
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DRINKING UATER VOLATILES

TETRACMLQROETHENE
TOLUENE
1,2,3-TRICHLOROBENZENE
1,2,4-TRICHLOROBENZENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHENE
TRICHLOROFLUOROMETHANE
1,2,3-TRICHLOROPROPANE
1,2.4-TRttETHYLBENZENE
1,3,5-TRIHETHYLBENZENE
VINYL CHLORIDE
Q-XYLENE
M-XYLENE / P-XYLENE

DU5
91259014
9/16/91

0.04
0,13
0.11
0.06
0,1
0,2
0,1
0,13
0.18
0,08
0.07
0.25
0.16
0,22

UNITS

(CONT)

UG/L
UG/L
UGA
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UGA

VOLATILE SURROGATE RECOVERY

F-BROMOFLUOROBENZENE
1.2-DICHLOR08ENZENE-D4

89
79

SEMIVOLATILE ORGANIC PRIORITY POLLUTANTS

BENZG'. B > FLUORANTHENE
BENZOdOFLUQRANTHENE
CHRYSENE
BENZOL) ANTHRACENE
ANTHRACENE
PHENANTHRENE
ACENAPHTHYLENE
ACENAPHTHENE
BENZO(A)PYRENE
BIS(2-CHLOROETHYL)ETHER
BIS(2-CHLOROETHOXY)METHANE
BIS<2-CHLOROISOPROPYL)ETHER
BUTYL BENZYL PHTHALATE
DIETHYLPHTHALATE
DIMETHYLPHTHALATE
FLUORANTHENE
FLUORENE
HEXACHLOROCYCLOPENTADIENE
HEXACHLOROBUTADIENE
HEXACHLDROETHANE
INDENO', 1,2,3-CD) PYRENE
ISOPHORONE
N-NITROSODI-N-PROPYLAMINE
N-NITROSODIPHENYLAMINE
N-MITROSODIMETHYLAMINE
NITROBENZENE
4-CHLORO-3-METHYLPHENOL
PYRENE
BENZO(GHI)PERYLENE
1,2-DICHLOROBENZENE
1,2,4-TRICHLOROBENZENE
DIBENZO<A,H)ANTHRACENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
2-CHLORONAPHTHALENE
2-CHLOROPHENOL
2-NITROPHENOL
DI-N-OCTYLF'HTHALATE
2,4-DICHLOROF'HENOL
2,4-DIHETHYLPHENOL

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

UG/L
UG/L
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UG/L
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UGA
UG/L
UG/L
UGA
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DU5
91259014
9/16/91 UNITS

SEMIVOLATILE ORGANIC PRIORITY POLLUTANTS (CONT)

2,4-DINITROTQLUENE
2,4-DINITROPHENOL
2,4,6-TRICHLOROPHENOL
2,6-CINITROTOLUENE
3,3-DICHLOROBENZIDINE
4-BROMOPHENYL PHENYL ETHER
4-CHLOROPHENYL PHENYL ETHER
4-NITROPHENOL
2-METHYL-4,6-DINITROPHENOL
PHENOL
NAPHTHALENE
PENTACHLOROPHENOL
BIS(2-ETHYLHEXYL)PHTHALATE
DI-N-BITTYLPHTHALATE
BENZIDINE
HEXACHLOROBENZENE
1,2-BIPHENYLBRAZINE

10
50
10
10
20
10
10
50
50
10
10
50
10
10
50
10
10

SEMIVOLATILE SURROGATE RECOVERY

2-FLUOROPHENOL
PHENOL-D5
NITROBENZENE-D5
2-FL'JOROBIPHENYL
2,4^-TRIBRCKOF-HENOL
TERPHENYL-D14

34
23
60
75
65
66

UG/L
UG/L
UG/L
UG/L
UG/L
U6/L
UGA.
•UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

X
X
X
X
X
X

SIGNATURE
RELEASED BY

CLIENT AUTHORIZATION
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B = Analyte was detected in the laboratory method blank analyzed
concurrently with the samples.

Please refer to the Quality Control Report for method blank compound
concentrations.
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rECALCOL IrCP .•"
rnL;fOP'M
pu ': ilO

RESii'Lip. FILTERABLE
son ri i". T.ITAL
BARIUM. TOTAL
IRON, ~C.TAL
MANGANESE. TOTAL
ALUHPO«, TOTAL
CHROW.IW. HEXAVALENT
ARSENIC. "GTAL
BEF?VJ. :•_•>». TOTAL

CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

<ns>

RQHT'.J*. TOTAL
COPPER. TOTAL
LEAD, TOTAL
THALLIUM, TOTAL
NICKEL, TOTAL
SILVE», TOTAL
ZINC, TOTAL
ANTIMONY, TOTAL
SELENIUM, TOTAL
MERCURY. TOTAL
CHLORIDE
CYANIDE. TOTAL
FLUORIDE
AMMONIA, AS N
NITROGEN, TOTAL KJELDAHL
NITRATE, AS N
SULFATE

DU6
91259015
9/16/91

< 1
< 1

6.1
120
20

< 0.005
0.52
0.19

< 0.10
< 0.010
< 0.005
< 0.015
< 0.002
( 0.015

0.042
< 0.005
< 0.005
< 0.040
< 0.015
< 0.025
< 0.005
< 0.005
< 0,20

38
< 20
< 0.20

0.37
0,41

» 0.28
16

ETHYLENE DIBROMIDE

ETHYLENE DIBROMIDE < 0.2

1,2-DIBROMO-3-CHLDROPROPANE

1.2-DIBROMO-3-CHLOROPROPANE < 0.5

PESTICIKS 4, PCB'3 SURROGATE RECOVERY

2,4,5,6-TETRACHLORO-META-XYLENE 92

PRIMARY DRINKING WATER STANDARDS PEST,

ENDRIN
LINDANE
METHOXYCHLOR

UNITS
/100 ML
/100 ML

MCA.
MG/L
MG/L
MGA
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MGA
MG/L
MGA.

UG/L

UG/L

UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DW6
91259015
9/16/91 UNITS

PRIMARY DRINKING UATER STANDARDS PEST. (CONT)

TOXAFHENE < 1

DRIVING WATER SURROGATE RECOVERY - PEST

2,4,5,6-TETRACHLORO-META-XYLENE 96

PRIMARY DRINKING UATER STANDARDS HERB.

2,4-D
2,4,5-TP(SILVEX)

2,4-DB

10
1

UG/L
UG/L

DRINKING WATER SURROGATE RECOVERY - HERB

DRINKING WATER VOLATILES

BENZENE
BFOMOBENZEWE
BROMOCHLOROMETHANE
BRONOniCHLOROMETHANE
BRONOFORH
BROMOMETHANE
N-BUTYLBENZENE
SEC-BUTYLBENZENE
TERT-BUTYLBENZENE
CARFON TETRACHLORIDE
CHLQTOBENZENE
CHLORQETHANE
CHLOROFORM
CHLOP-OMETHANE
2-CHLOROTOLUENE
4-CHLOROTOLUENE
DTBROMOCHLOROMETHANE
1.2-DIBROMO-3-CHLOROPROPANE
1.2-DIBROMOETHANE
DIBROMOMETHANE
1,2-DICHLORGBENZENE
1.3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
DICHLORODIRJJOROMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOROETHA»€
1,1-DICHLOROETHENE
CIS-!,2-niCHLOROETHENE
TRANS-1,2-DICHLOROETHENE
1,2-DICHLOROPROPANE
1,3-DICHLOROPROPANE
2,2-PICHLOROPF̂ F'ANE
Ifl-DICHLOROPROPENE
CIS-1,3-DICHLOROPROPENE
TRANS-1.3-DICHLOROPROF'ENE
ETHYLBENZCNE
HEXACHLOROBUTADIENE
ISOPROF'YLBENZENE
4-ISOPROPYLTOLUENE
METHYLENE CHLORIDE
NAPHTHALENE
N-PROPYLBENZENESIYRENE
1.1,1,2-TETRACHLOROETHANE
1,1.2.2-TETRACHLOROETHANE

16

0.08
0,05
0,16
0«21
0.17
0.16
0.08
0.05
0.06
0.12
0.05
0.13
0.16
0,18
0.11
0.1
0.19
0.85
0.11
0.18
0.1
0.1
0,1
0.21
0.11
0.1
0.19
0.22
0.2
0.12
0.14
0.27
0,12
0.14
0,11
0,1
0.12
0.04
0.08
0,55
0,21
0.07
0,12
0,11
0,17

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DRINKING WATER VOLATILES

TETRACHLOROETHENE
TOLUENE
1,2,3-TRICHLOROBENZENE
1,2,4-TRICHLOROBENZENE
1,1.1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHENE
TRICHLOROFLUOROMETHAfC
1,2.3-TRICHLOROPROPANE
1,2,4-TRIMETHYLBENZENE
1,3,5-TRIMETHYLBENZENE
VINYL CHLORIDE
0-XYLENE
M-XYLENE / P-XYLENE

DU6
91259015
9/16/91

0.04
0,13
0.11
0.06
0.1
0.2
0.1
0.13
0,18
0,08
0.07
0.25
0,16
0,22

UNITS

(CONT)

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

VOLATILE SURROGATE RECOVERY

P-BROMOFLUOROBENZENE
1v2-DICH!_ORQBENZENE-D4 *«

83
60

SEMIVOLATILE ORGANIC PRIORITY POLLUTANTS

BENZO(B)FLUQRANTHENE
BENZO<K> n_UQRANTHENE
CHRYSEWE
BENZO(A)WTHRACENE
ANTHRACENE
PHENANTHRENE
ACENAPHTHYLENE
ACENAPHTHENE
BENZO(A)PYF:O€
BIS r 2-CHLQROETHYL) ETHER
BIS(2-CHLOROETHOXY)METHANE
BIS <2-CHLORGI30PROPYL >ETHER
BUTYL BENZYL PHTHALATE
DIETHYLPHTHALATE
DIMETHYLPHTHALATE
FLUORAMTHEJE
FLUOREHE
HEXACHLOROCYaOF'ENTADIENE
HEXACHLOROBUTADIENE
HEXACHLOROETHANE
INDENO(lt2,3-CD)PYRENE
ISOPHORONE
N-NITROSODI-̂ i-PROPYLAMINE
N-NITROSODIPHENYLAMINE
N-NITROSODIMETHYLAMINE
NITROBENZENE
4-CHLORO-3-METHYLPHENOL
PYRENE
BENZOCGHDPERYLENE
1,2-DICHLOROBENZENE
1,2.4-TRICHLOROBENZENE
DIBENZO(A,H)ANTHRACENE
1,3-DICHLOROBENZENE
1.4-riICHLOROBENZENE
2-CHLORONAPHTHALENE
2-CHLOR'OPHENOL
2-WITROPHENOL
rlI-̂ HX:TYLPHTHALATE
2,4-DICHLOROPHENOL
2.4-DIMETHYLF-HENOL

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DU6
91259015
9/16/91 UNITS

SEMIVOLATILE ORGANIC PRIORITY POLLUTANTS (CONT)

•Z.̂ 'IN'ITRGTOLUENE
2.4-BINITROPHENQL
:,4,i-TRICHLOROPHENOL
2.;-IiINITROTOLUENE

i-BROMQPHENYL PHENYL ETHER
4-CHLORQPHENYL PHENYL ETHER
4-NITROPHENOL
2-METHYL-4,6-DINITROPHENOL
PHENOL
NAPHTHALENE
PENTACHLORQPHENOL
PI? ', 2-ETHYLHEXYL)PHTHALATE
DI-N-BUTYLPHTHALATE
BEN7IDINE
HEXACHLOPOBENZENE
1.2-niPHENYLDRAZINE

10
50
10
10
20
10
10
50
50
10
10
50
10
10
50
10
10

SEMIVOLATILE SURROGATE RECOVERY

2-FLUOPOPHENQL
PHENOL-D5
NITRGBENZENE-B5
2-FLLlOROBIPHENYL

41
28
74
82
74
78

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

X
X
X
X

SIGNATURE
RELEASED BY

CLIENT AUTHORIZATION



OLIN CHEMICAL REPORT OF ANALYSIS 9/26/91
ATTN: MIKE BELLOTTI REFERENCE NUMBER 11968
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B = Analyte was detected in the laboratory method blank analyzed
concurrently with the samples.

Please refer to the Quality Control Report for method blank compound
concentrations.

* The reported value is the mean of two or more replicate analyses of the
sample. The precision of the replicate analyses is outside the
laboratory's acceptance range for this parameter. Sample homogeneity
may be a factor.

*"' Surrogate recovery does not meet internal QC criteria. Insufficient
sample remained for reanalysis.

@ Surrogate recovery does not meet internal QC criteria. Sample will be
reextracted and reported at a later date.
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CLIENT SAMPLE ID
ABB SAMPLE ID
DATE RECEIVED

DRINKING UATER VOLATILES

CARK)« 'E
CHLO'KPF.NZENE
CHLQr'QETHANE

DIBFCNQC4.0ROMETHANE
1 . 2-[iIPPOMO-3-CHL
l,2-riB?:Q»10ETHANE
IiIBROMOMETriANE
:,2-DICHLOROBENZENE

1.4-DICHLOPQBENZENE
DICHLO^ODTHJJOF.-QKETHANE
t . 1-DICHLQFflETHANE
l.Z-CICHLOflOETHANE
1,1-DICHLOTOETHENE
CI5-1 ,2-DICK.OROETHENE

S-I .2-DICHLOftOETHENE

1.3-DICHLOROPROPANE
2.2-DICHLOROFROPANE
1.1-DICHLOROF*OPENE
CIS-1 , 3-DICHLOROPftOPE.NE
TRAMS-1 ,3-DICHLOP.QPROPENE
ETHYLBENZBC
HEXACHLOROBUT ATHENE
ISOPROPYLBENZENE
4~ISOPROPYLTOLUENE
METHYLENE CHLORIK
NAPHTHALENE

STYF̂ NE
1.1.1, 2-TETRACHLOROETHANE
1.1.2, 2-TFTRACHLQROETHANE

TRIP BLK
91259016
9/16/91

0.08
0,05
0.16
0.21
0.17
0.16
0.08
0.05
0.06
0,12
0.05
0,13
0.16
0.18
0.11
0.1
0.19
0.85
0.11
0.18
0.1
0.1
0.1
0,21
0.11
0.1
0,19
0.22
0.2
0.12
0,14
0.27
0.12
0.14
0.11
0,1
0.12
0.04
0,08
0,82
0.21
0,07
0.12
0.11
0.17

UNITS

UG/L
UB/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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CLIENT SAMPLE ID TRIP BLK
ABB SAMPLE ID 91259016
DATE RECEIVED 9/16/91

DRINKING WATER VOLATILES

TETRACHLOROETHENE
TOLUENE
1,2,3-TRICHLORQBENZENE1,2,4-TP.ICHLOROBENZENE
1,1,1-TRICHLOROETHANE
1,1.2-TRICHLOROETHANE
TPICHLOROETHENE
TRICHLOROFLUOROMETHANE!,2,3-TRICHLOROPROPANE
1.2.4-TRiMETHYLBENZENE
1:3,?-TRIMETHYLBENZENE
VINYL CHLORIDE
0-XYLENE

NE -' P-XYLENE

VOLATILE SURROGATE RECOVERY

P-BROMOFLUOROBENZENE
J.2-DICHLOROBENZENE-D4

0.04
0.14
0,11
0.06
0.1
0.2
0.1
0.13
0.18
0.08
0,07
0.25
0.16
0.22

92
106

UNITS

(CONT)

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

SIGNATURE
RELEASED BY

CLIENT AUTHORIZATION
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detected in the laboratory method blank analyzed
_ly with the samples.

refer to the Quality Control Report for method blank compound
.trations.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

GENERAL CHEMICAL ANALYSES - AQUEOUS MATRIX

PARAMETER
Acidity

Alkalinity-Manual Titrimetric

Bicarbonate. Carbonate (see pH & alkalinity)

Biochemical Oxygen Demand-Carbonaceous

Biochemical Oxygen Demand-Total

Chemical Oxygen Demand-Manual Colorimetric

Chloride-Automated Ferricyanide

Chlorine, Total Residual

Coliform, Fecal

Coliform. Total

Color, True

Color. Apparent

Corrosivity-NACE Standard TM-OI-69

Cyanide, Total-Spectrophotometric

Cyanide, Amenable-Spectrophotometric

Dissolved Oxygen(Laboratory)-Membrane Electrode

Fluoride, Potentiometric ISE

Fluoride with distillation. Potentiometric ISE

Hardness, Total-Manual Titrimetric

Ignitability-Flash Point (closed cup)

MB AS, Extraction-Colorimetric

Ammonia-Nitrogen- Automated Phenate

Organic Nitrogen- Auto. Block Digest. .Spectro.

Total Kjeldahl Nitrogen-Auto Block Digest, Spect

Nitrote+Nitrite- Automated Cadmium Reduction

Nitrate- Automated Cadmium Red./Diozotization

Nitrite-Automated Diozotization

Oil it Grease-Total Recoverable, Gravimetric

Oil it Grease-Total Recoverable. Infrared

Oil it Grease-Hydrocarbons. Grav. /Solvent Extract

pH (Laboratory)

Phenolics, Total Recoverable-Manual 4AAP

Phosphate, Total-Auto Ascorbic Acid/Block Digestion

Phosphate, Ortho-Auto. Ascorbic Acid

Silica-Manual Molybdosilicate

Solids-Nonfilterable Residue (TSS)

Solids-Volatile Nonfilterable Residue (VSS)

METHOD
305.1

310.1

cole.

405.1

405.1

410.4

325.2

330.5

APHA909C

APHA909A

110.2

110.2

1110

335.2

335.1

360.1

340.2

340.1/340.2

130.2

1010

425.1

350.1

350.1/351.2

351.2

353.2

353.2/354.1

354.1

413.1

413.2

APHA 503E

150.1

420.1

365.4

365.1

370.1

160.2

160.2/160.4

PQL
10mg/L

20mg/L

mg/L

6mg/L

6 mg/L

15 mg/L

2 mg/L

0.1 mg/L

1/IOOmL

1/100 mL

5PTCO

5PTCO

10 mpy

20 ug/L

20ug/L

1 mg/L

0.2 mg/L

0.2 mg/L

5 mg/L

25 Degrees Celsius

0.04 mg/L

0.1 mg/L

0.1 mg/L

O.I mg/L

0.05 mg/L

0.05 mg/L

0.05 mg/L

5 mg/L

1.5 mg/L

5 mg/L

—
5 ug/L

0. 1 mg/L

0.05 mg/L

I mg/L

4 mg/L

10 mg/L

PQL = Practical Quantitation Limit represents the normally obtainable measurement level achieved by the laboratory und
routine laboratory conditions for a variety of sample matrices. Sample-specific reporting limits may vary from the labor
as a result sample matrix and compound concentration.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

GENERAL CHEMICAL ANALYSES - AQUEOUS MATRIX

PARAMETER

Solids-Filterable Residue (TDS), Gravimetric ISO

SoUdi-VoUtile Filterable Residue (YDS)

Solids-Setdeable Solidi (SS)

Solids-Total Solids

Specific ConductancerWheatstone Bridge

Sulfate-Turbidimetric

Sulfite-Tttrimetric

Sulfide-lodometric

Suinde-Monier-WUliams

Sulfide-Reactive

Taiuun/Lignin-Colorimetric

Total Organic Carbon-Oxidation

Total Inorganic Carbon

Total Organic Halogen

Total Petroleum Hydrocarbons-Extraction. IR

Turbidity

METHOD

160.1

160.1/160.4

• 160.5

160.3

120.1

375.4

377.1

376.1

40CFR-425
7.3.4.1

APHA513

415.1

415.1

9020

418.1

180.1

PQL
10 mg/L

lOmg/L

0.2 mUL

10 mg/L
u mhos/cm

1 mg/L

3 mg/L

1 mg/L

0.5 mg/L

1 mg/L

1 mg/L

1 mg/L

mg/L

1 mg/L

1 NTU

PQL = Practical Quantitation Limit represents the normally obtainable measurement level achieved by the laboratory und
routine laboratory conditions for a variety of sample matrices. Sample-specific reporting limits may vary from the labor
as a result sample matrix and compound concentration.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ELEMENTAL ANALYSES - AQUEOUS MATRIX

PARAMETER
Aluminura-ICP
Antimony-Furnace AA
Arsenic-Furnace AA
Barium-ICP
BeryUium-ICP
Boron-ICP
Cadmium-Furnace AA
Calcium-lCP
Chromiura-ICP
Chromium, Hexavalent-Colorimetric
Cobalt-ICP
Copper-ICP
Gold-ICP
Iron-ICP
Lead-ICP
Lead-Furnace AA
Magnesium-ICP
Manganese-ICP
Mercury-CVAA
Molybdenum-lCP
Nicfcel-ICP
Platinum-Furnace AA
Potassium-Flame AA
Potassiurn-ICP
Selenium-Furnace AA
SUver-ICP
Sodium-ICP
Thallium-Furnace AA
Tin-ICP
Titaniura-ICP
Vanadium-ICP
Zinc-ICP

METHOD
200.7/6010
204.2/7041
206.2/7060
200.7/6010
200.7/6010
200.7/6010

213.2
200.7/6010
200.7/6010

7196
200.7/6010
200.7/6010
200.7/6010
200.7/6010
200.7/6010
239.2/7421
200.7/6010
200.7/6010
245.1/7470
200.7/6010
200.7/6010

255.2
258.1

200.7/6010
270.2/7740
200.7/6010
200.7/6010
279.2/7841
200.7/6010
200.7/6010
200.7/6010
200.7/6010

PQL
O.lOOmg/L
0.005 mg/L
0.005 mg/L
0.005 mg/L
0.015 mg/L
0.025 mg/L
0.002 mg/L
0.025 mg/L
0.015 mg/L
0.010 mg/L
0.015 mg/L
0.025 mg/L
0.100 mg/L
0.025 mg/L
O.lOOrag/L
0.005 mg/L
0.050 rag/L
0.010 rag/L

0.20 ug/L
0.020 mg/L
0.040 rag/L
0.005 mg/L
0.025 rag/L
0.500 rag/L
0.005 mg/L
0.015 mg/L
0.050 rag/L
0.005 mg/L
0.100 rag/L
0.100 rag/L
0.025 mg/L
0.025 mg/L

PQL = Practical Quantitation Limit represents the normally obtainable measurement level achieved by the laboratory under practical
routine laboratory conditions for a variety of sample matrices. Sample-specific reporting limits may vary from the laboratory PQL
as a result of sample matrix and compound concentration.

ICP 3 Inductively Coupled Plasma

AA = Atomic Absorption



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION

PARAMETER: ETHYLENE DIBROMIDE/l,2-DIBROMO-3-CHLOROPROPANE

METHOD: GC/ECD

MATRLX: AQUEOUS

Compound •

Ethylene dibroraide

1 ,2-Dibromo-3-chloropropane

Pncticil QaMatitftioa Limit (PQL)
(>&L)

0.2
0.5

PQL " Practical Quantitatkra Limit represents the normally obttinable measurement level •chieved by the laboratory

under practical and routine laboratory condition* for a variety of sample matrices. Sample-specific reporting

limits may vary from the standard PQL as a result of sample matrix and compound concentration*.



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: SDWA PESTICIDES
METHOD: 608
MATRIX: AQUEOUS

COMPOUND
Endrin
Lindane
Methoxvchlor
Toxaphene

PQL (ug/L)
i
i
i
i

PARAMETER: SDWA HERBICIDES
METHOD: SM509B
MATRIX: AQUEOUS

COMPOUND
2.4-D
2,4,5-TP (Silvex)

PQL(ug/L)
10
i

PQL = Practical Quantitation Limit represents the normally obtainable measurement level
achieved by the laboratory under practical and routine laboratory conditions for a variety of
sample matrices. Sample-specific reporting limits may vary from the standard PQL as a result
of sample matrix and compound concentration.



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: DRINKING WATER VOLATILE ORGANICS
METHOD: 524.2
MATRIX: AQUEOUS

Compound

Benzene
Bromobenzene
B romochlorometbane
Bromodichloromethane
Broraoform
Bromomethane
n-Butylbenzene
sec-Butylbenzeae
tert-Butylbenzene
Carbon tetnchloride
Chlorobenzene
ChloroetiuiM
Chloroform
Chloro methane
2-Chlorotoluene
4-Chlorotolueoe
Dibromochloro methane
1 ,2-Dibromo-3-chk>ropropane
1 ,2-Dibroinoethane
Dibromornethane
1 ,2-Dichlorobenzene
1 ,3-Dichlorobenzene
1,4-Dichlorobenzeoe
Dichlorodifluoroniethane
1 , 1 -Dichloroetnane
1,2-Dichlofoethane
1,1-Dichloroetbeoe
cis- 1 ,2-Dkhloroethene
trani- 1 ,2-Dicoloroetheae
1 ,2-Dichloropropane
1 ,3-Dichloropropane
2,2-DkhIoropTOpane
1 , 1-Dichlofopropcne
cis- 1 ,3-Dkhloropropene
trans- 1 ,3-Dichloropropeoe
Ethylbenzene

Minimum Detection Limit (MDL)
(agO,)

0.08
0.05
0.16
0.21
0.17
0.16
0.08
0.05
0.06
0.12
0.05
0.13
0.16
0.18
0.11
0.10
0.19
0.85
0.11
0.18
0.10
0.10
0.10
0.21
0.11
0.10
0.19
0.22
0.20
0.12
0.14
0.27
0.12
0.14
0.11
0.10

MDL = The Minimum Detection Limit is the minimum concentration of a substance that can be identified, measured,
and reported with 99% confidence that the analyte concentration is greater than zero.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: DRINKING WATER VOLATILE ORGANICS
METHOD: 524.2
MATRIX: AQUEOUS

Compound

Hexachlorobutadiene
Isopropylbcnzenc
4-Isopropyltoluene
Methylene chloride
Naphthalene
n-Propylbenzene
Sryrene
1,1,1 ,2-TetracUoroethane
1 , 1 .2 .2-Tetnchloroethane
Tetrachloroethene
Toluene
1 ,2,3-Trichlorobenzene
1 ,2,4-Trichlorobenzene
1.1, 1-Trichloroethane
1 , 1 ,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1 ,2,3-Trichloropropane
1 ,2,4-Triinethylbeiizene
1 ,3,5-Trimethylbenzene
Vinyl chloride
o-Xylene
m-Xylene
p-Xyleae

Minimum Detection Limit (MDL)
(i&L)

0.12
0.04
0.08
0.24
0.21
0.07
0.12
0.11
0.17
0.04
0.13
0.11
0.06
0.10
0.20
0.10
0.13
0.18
0.08
0.07
0.25
0.16
0.22
0.22

MDL = The Minimum Detection Limit a the minimum concentration of a substance that can be identified, measured,
and reported with 99% confidence that the analyte concentration is greater than zero.



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: SEMIVOLATILE PRIORITY POLLUTANT VOLATILE ORGANICS
METHOD: 625/8270
MATRIX: AQUEOUS

Compound

Benzo(B)Ruorantheae

Benzo(K)Fluorantheae

Chrysene

Benzo( A) Anthracene

Anthracene

Phenantnrefie

Acenaphthylene

Arfiitanhthctifl

Beozo(A)Pyrene

Bi*(2-Chloroethyl)Ether

Bls(2-Chloroethoxy)Methane

Bis(2-CUoroisopropyl)Ether

Butyl Benzyl Phthalate

Diethylphthalato

Dimethylphthalate

Fluornnthcne

Fluorene

Hexachlorocyclopcntadieae

Hexachlorobutadiene

Hexachloroethane

Indeoo< 1 ,2.2-CD)Pyrene

Isopborane

N-Nitrosodi-n-Propylamiix.

N-Nitro«odipheaylunine

N-Nitroaodimethylamine

Nitrobenzene

4-Chtoro-3-methylphenoi

Pyrene

Benzo(GHOpeTylene

PncdcaJ Quantitatioa Limit (PQL)
<wu

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
10

PQL =« Practical Quantitation Limit represents the normally obtainable measurement level achieved by the

laboratory under practical and routine laboratory conditions for a variety of sample matrices. Sample-

specific reporting limits may vary from the standard PQL as a result of sample matrix and compound

concentrations.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: SEMWOLATELE PRIORITY POLLUTANT VOLATILE ORGANICS
METHOD: 625/8270
MATRIX: AQUEOUS

Compound

1 ,2-Dichlorobenzene

1 ,2.4-Trichlorobenzene

D ibenzo{ A, H) Anthracene

1 ,3-Dichlorobenzene

1 ,4-OichIoTobenzene

2-Coloronaphthalene

2-Chlorophenol

2-Nitrophenol

DHo-octylphthalate

2,4-Dichlorophenol

2,4-Dimethylphenol

2.4-Dinitrotoluene

2.4-Dinitrophenol

2,4,6-Trichlorophenol

2, 6-Dinitrotoluene

3,3-Dichlorobenzidine

4-Bromophenyl Phenyl Ether

4-Chlorophenyl Phenyl Ether

4-Nitrophenol

2-Methy 1-4 , 6-Dinitrophenol

Phenol

Naphthalene

Pentachlorophenol

Bis(2-Ethylhexyl)Phtludate

DHi-Butylphthalate

Beazidine

Hexachlorobenzeae

1 ,2-Diphenyldrazine

Practical Quantitatioa Limit (PQL)
(ug/L)

10

10

10

10

10

10

10

10

10

10

10

10

50

10

10

20

10

10

50

50

10

10

50

10

10

50

10

10

PQL = Practical Quantitation Limit represents the normally obtainable measurement level achieved by the

laboratory under practical and routine laboratory conditions for a variety of sample matrices. Sample-

specific reporting limit* may vary from the standard PQL as a result of sample matrix and compound

concentrations.



REFERENCE GUIDE TO LABORATORY REPORT OF ANALYSIS

The attached Report of Analysis summarizes the analytical results for your drinking water sample. The
ABB-ES Laboratory reports results using industry-accepted protocols as well as some unique reporting
protocols that are designed to present a comprehensive Report of Analysis.

All sample results are reported in concentration units of ug/L (micrograms per liter) or mg/L (milligrams
per liter). These units are used to express the concentration of a particular substance in a solution. One
milligram per liter (1 mg/L) is equivalent to one thousand micrograms per liter (1DOO mg/L); therefore,
a solution with a concentration of 5 mg/L is more concentrated than a solution with a concentration of
5 ug/L.

After the Volatile Organic and Semivolatile Organic results, there is a section entitled Volatile Surrogate
Recovery and Semivolatile Surrogate Recovery, respectively. Surrogates are organic compounds which
are similar to analytes of interest in chemical composition, extraction, and chromatography, but which
are not normally found in environmental samples. These compounds are spiked into all blanks,
standards, samples and spiked samples prior to analysis. Percent recoveries are calculated for each
surrogate. The surrogate compounds act as a means to measure the efficiency of the sample extraction
and analysis.

The US Environmental Protection Agency has outlined certain criteria that the ABB-ES Laboratory uses
for reporting sample concentrations. These criteria dictate the detection limits that laboratories should
use for reporting sample results. The ABB-ES Laboratory conducts Method Detection Limit (MDL)
studies and Instrument Detection Limit (TDL) studies on a regular basis. The MDL and IDL studies
enable us to determine the limitations of analytical procedures as well as instrumentation. An MDL is
defined as:

"The minimum concentration of a substance that can be identified, measured, and reported with
99% confidence that the analyte concentration is greater than zero."

An IDL is defined as:

"The smallest signal above background noise diat an instrument can detect at a 99% confidence
level."

Method Detection Limit or Instrument Detection Limit concentrations are then multiplied by a factor or
3 (three) to 10 (ten) to determine what the Practical Quantitation Limit (PQL) is for a particular analysis
A PQL is defined as:

"The lowest level that can be reliably determined within specified limits of precision and accura>.>
during routine laboratory operating conditions."



REFERENCE GUTDE TO LABORATORY REPORT OF ANALYSIS

All parameters on this Report of Analysis are reported based upon PQLs except for the Volatile Organic
Analysis results. The Volatile Organic Analysis results are reported based upon MDLs so that ABB-ES
reporting limits comply with Massachusetts Department of Environmental Protection drinking water
limits. If a result is reported with a " <" sign, then the compound was not detected in the sample above
the PQL or, in the case of Volatile Organics, the MDL.

As part of the standard operating procedures of the ABB-ES Laboratory, contaminant-free water is
analyzed as a sample concurrently with a set of samples. This reagent-free water sample is called a
method blank. A "B" notation signifies that the compound reported was also detected in its
corresponding method blank. There are certain compounds that occur as common laboratory
contaminants that may be detected in the method blank. It is standard policy for the laboratory to
reanalyze a sample if a compound that is not a common laboratory contaminant is detected in the method
blank.

For Volatile Organic and Semivolatile Organic analyses, it is common for most laboratories to report
values that are below the PQL. These values are notated with a "J". The "J" notation signifies that the
parameter was detected and that the value reported is an estimated value because it is below the PQL.

The ABB-ES Laboratory will notate other sample results based upon Quality Control criteria to which
the laboratory adheres. Non-standard quality control results are notated on the Report of Analysis. This
notation will give a brief explanation of the impact of these quality control results on the actual sample
results.

-2-



US PRIMARY AND SECONDARY DRINKING WATER REGULATIONS

•

PARAMETER
Arsenic, total

Barium, total

Benzene
gamma-BHC (Lindanel

Bromobenzene
Brornochloromethane
Broraodichloromethane

Bromoform
Bromometbane
n-Butylbenzene

sec-Butylbenzene

tert-Butylbenzene

Cadmium, local
Carbon tetrachloride

Chloride
Chlorobenzene

Chloroethane

Chloroform
Chloromechane

2-Chlorotoluene
4-Chlomfoi uene
Chromium, total

Chromium, hexavalent
Coliform. fecal
Coliforra. total

Color

Copper, total
Corrosiviry

2.4-D

1 ,2-Dibromo-3-chloropropane
Dibromochloromethane

1 ,2-Dibromoethane

Dibromomethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

PRIMARY
MCL (mg/L)

0.05
1

0.005
0.0004

U
U
»
*

U
U
U
U

0.010
0.005

U
U
U
•

U
U
U

0.05
0.05

1/100 mL
1/100 raL

0.1
U
•

U
U
U
U

SECONDARY
MCL (mg/L)

250

15 color units

1
noncorrosive

MCL = Maximum Contaminant Level

U - Unregulated parameter.

Reference list: USEPA. Tact Sheet, Drinking Water Regulations Under the Safe Drinking Water Act,

February 1989. SDWA = Safe Drinking Water Act.
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ABB
US PRIMARY AND SECONDARY DRINKING WATER REGULATIONS

PARAMETER
1 ,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-DichIoroethane
1.2-Oichloroethane
1 , 1 -Dichloroethene
cis-1 ,2-Dichloroethene
trans- 1 ,2-Dichloroethene
1 ,2-Dichloropropane
1 ,3-Dichloropropane
2.2-Dichloropropane
1 . . Dichloropropene
cis- 1 ,3-Dichloropropene
trans- 1 ,3-Dichloropropene
Endrin
Ethylbenzene
Fluoride, soluble
Heuchlorobutadiene
Iron, total
Isopropylbenzene
4-Isopropyltoluenc
Langelier saturation index
Lead, total
Manganese, total
Mercury, total
Methoxychlor
Methylene chloride
Naphthalene
Nitrate, (as N)
Odor
pH
n-Propylbenzene
Radioactivity, total alpha
Radioactivity, total beta
Radium 226, total
Radium, 228 .

PRIMARY
MCL (mg/L)

0.075
U
U

0.005
0.007

U
U
U
U
U
U
U
U

0.0002
U

4.0
U
U
U
U
U

0.05
U

0.002
0.1

U
U
10

U
15pCi/L
4 mrem
5pCi/L
5pCi/L

SECONDARY
MCL (mg/L)

2.0

0.3

0.05

3 TON
6.5-8.5

MCL = Maximum Contaminant Level

U = Unregulated parameter.

Reference list: USEPA, "Fact Sheet, Drinking Water Regulations Under the Safe Drinking Water Act,"
February 1989. SDWA = Safe Drinking Water Act.



ASB
US PRIMARY AND SECONDARY DRINKING WATER REGULATIONS

PARAMETER
Selenium, local
Silver, total
Sodium, total
Stvrene
Sulfate (as SO4>
Surfactants
1,1.1 .2-Tetrachloroethane
1 , 1 ,2.2-Tetrachloroethane
Tetrachloroethene
Toluene
Total dissolved solids (TDS)
Toxaphene
2,4,5-TP (Silver)
1 ,2.3-Thchlorobenzeae
1 ,2,4-Trichlorobenzene
1.1,1 -Thchloroedune
1 . 1 ,2-Tnchloroethanc
Trichloroethene
Trichlorotluorornethane
1 ,2,3-TrichIoropropane
Trihalomethanes (chloroform, broraoform.

bromodichioromethane. dibromochlorornethane) *
1 ,2,4-Trimethylbenzene
1 ,3 ,5-Triraethy 1 benzene
Turbiditv
Vinyl chloride
m-Xylene
o-Xylene
p-Xylene
Zinc, total

PRIMARY
MCL(mg/L)

0.01
0.05
20.0

U

U
U
U
U

0.005
0.01

U
U

0.20
U

0.005
U
U

0.10

U
U

1-5 ntu
0.002

U
U
U

SECONDARY
MCL (tng/L)

250
2

500

5

MCL = Maximum Contaminant Level

U = Unregulated parameter.

Reference list: USEPA. "Fact Sheet, Drinking Water Regulations Under the Safe Drinking Water Act,"
February 1989. SDWA = Safe Drinking Water Act.

PAGE 3



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

GENERAL CHEMICAL ANALYSES - AQUEOUS MATRIX

PARAMETER
Acidity

Alkalinity-Manual Titrimetric

Bicarbonate. Carbonate (see pH it alkalinity)

Biochemical Oxygen Demand-Carbonaceous

Biochemical Oxygen Demand- Total

Chemical Oxygen Demand-Manual Colorimetric

Chloride- Automated Ferricyanide

Chlorine, Total Residual

Coliform. Fecal

Coliform. Total

Color, True

Color, Apparent

Corrosivity-NACE Standard TM-01-69

Cyanide, Total-Spectrophotometric

Cyanide, Amenable-Spectrophotometric

Dissolved Oxygen(Laboratory)-Membrane Electrode

Fluoride. Potentiometric ISE

Fluoride with distillation, Potentiometric ISE

Hardness, Total-Manual Titrimetric

Ignitability-Rash Point (closed cup)

MBAS, Extraction-Colorimetric

Ammonia-Nitrogen- Automated Phenate

Organic Nitrogen- Auto. Block Digest., Spectro.

Total Kjeldahl Nitrogen- Auto Block Digest, Spect

Nitrate+Nitrite- Automated Cadmium Reduction

Nitrate- Automated Cadmium Red./Diazotization

Nitrite- Automated Diazotization

Oil it Grease-Total Recoverable, Gravimetric

Oil & Grease-Total Recoverable, Infrared

Oil it Grease-Hydrocarbons, Grav. /Solvent Extract

pH (Laboratory)

Phenolics. Total Recoverable-Manual 4AAP

Phosphate, Total-Auto Ascorbic Acid/Block Digestion

Phosphate, Ortho-Auto. Ascorbic Acid

Silica-Manual Molybdosilicate

Solids-Nonftlterable Residue (TSS)

Solids-Volatile Nonfillerable Residue (VSS)

METHOD
305.1

310.1

calc.

405.1

405.1

410.4

325.2

330.5

APHA 909C

APHA909A

110.2

110.2

1110

335.2

335.1

360.1

340.2

340.1/340.2

130.2

1010

425.1

350.1

350.1/351.2

351.2

353.2

353.2/354.1

354.1

413.1

413.2

APHA 503E

150.1

420.1

365.4

365.1

370.1

160.2

160.2/160.4

PQL
lOmg/L

20mg/L

mg/L

6 mg/L

6 mg/L

15 mg/L

2 mg/L

0.1 mg/L

1/100 mL

l/100mL

5PTCO

5PTCO

10 mpy

20ug/L

20ug/L

1 mg/L

0.2 mg/L

0.2 mg/L

5 mg/L

25 Degrees Celsius

0.04 mg/L

0. 1 mg/L

0.1 mg/L

0.1 mg/L

0.05 mg/L

0.05 mg/L

0.05 mg/L

5 mg/L

1.5 mg/L

5 mg/L

—
5ug/L

O.I mg/L

0.05 mg/L

I mg/L

4 mg/L

10 mg/L

PQL = Practical Quantitalion Limit represents the normally obtainable measurement level achieved by the laboratory und
routine laboratory conditions for a variety of sample matrices. Sample-specific reporting limits may van' from the labor
as a result sample matrix and compound concentration.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

GENERAL CHEMICAL ANALYSES - AQUEOUS MATRIX

PARAMETER
Solids-Filterable Residue (TDS). Gravimetric 180

Solids- Volatile Filterable Residue (VDS)

Solids-Settleable Solids (SS)

Solids-Total Solids

Specific Conductance- Whcatstonc Bridge

Sulfate-Turbidimetric

Sulfite-Titrimetric

S uinde-Iodometric

Sulfide-Monier-WUliams
Sulfide-Reactive

Tannin/Lignin-Colorimetric

Total Organic Carbon-Oxidation

Total Inorganic Carbon

Total Organic Halogen

Total Petroleum Hydrocarbons-Extraction, IR

Turbidity

METHOD
160.1

160.1/160.4

160.5

160.3

120.1

375.4

377.1

376.1

40CFR-425

7.3.4.1

APHA5I3

415.1

415.1

9020

418.1

180.1

PQL
lOmg/L

10 mg/L

0.2 mUL

10 mg/L

u mhos/cm

1 mg/L

3 mg/L

1 mg/L

0.5 mg/L

1 mg/L

1 mg/L

I mg/L

mg/L

1 mg/L

1 NTU

PQL = Practical Quantitatioa Limit represents the normally obtainable measurement level achieved by the laboratory und
routine laboratory conditions for a variety of sample matrices. Sample-specific reporting limits may vary from the labor
as a result sample matrix and compound concentration.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ELEMENTAL ANALYSES - AQUEOUS MATRIX

PARAMETER
Aluminum-ICP
Antimony-Furnace AA
Arsenic-Furnace AA
Barium-ICP
Berylliura-lCP
Boron-ICP
Cadmium-Furnace AA
Calcium-ICP
Chromium-ICP
Chromium. Hexavalem-Colorimetric
Cobalt-ICP
Copper-lCP
Gold-ICP
Iron-ICP
Lead-ICP
Lead-Furnace AA
Magnesium-ICP
Manganese-ICP
Mercury-CVAA
Molybdenum-lCP
Nickel-ICP
Platinum-Furnace AA
Potas*ium-Flame AA
Potassium-ICP
Selenium-Furnace AA
Silver-ICP
Sodium-lCP
Thallium-Furnace AA
Tin-ICP
Titaniura-ICP
Vanadium-ICP
Zinc-ICP

METHOD
200.7/6010
204.2/7041
206.2/7060
200.7/6010
200.7/6010
200.7/6010

213.2
200.7/6010
200.7/6010

7196
200.7/6010
200.7/6010
200.7/6010
200.7/6010
200.7/6010
239.2/7421
200.7/6010
200.7/6010
245.1/7470
200.7/6010
200.7/6010

255.2
258.1

200.7/6010
270.2/7740
200.7/6010
200.7/6010
279.2/7841
200.7/6010
200.7/6010
200.7/6010
200.7/6010

PQL
0. 100 mg/L
0.005 mg/L
0.005 mg/L
0.005 mg/L
0.015 mg/L
0.025 mg/L
0.002 mg/L
0.025 mg/L
0.015 mg/L
0.010 mg/L
0.015 mg/L
0.025 mg/L
0.100 mg/L
0.025 mg/L
0.100 mg/L
0.005 mg/L
0.050 mg/L
0.010 mg/L

0.20 ug/L
0.020 mg/L
0.040 mg/L
0.005 mg/L
0.025 mg/L
0.500 mg/L
0.005 mg/L
0.015 mg/L
0.050 mg/L
0.005 mg/L
0.100 mg/L
0. 100 mg/L
0.025 mg/L
0.025 rag/L

PQL = Practical Quantitation Limit represents the normally obtainable measurement level achieved by the laboratory under practical
routine laboratory conditions for a variety of sample matrices. Sample-specific reporting limits may vary from the laboratory PQL
as a result of sample matrix and compound concentration.

ICP = Inductively Coupled Plasma

AA =< Atomic Absorption



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION

PARAMETER: ETHYLENE DEBROMIDE/l,2-DIBROMO-3-CHLOROPROPANE
METHOD: GC/ECD

MATRIX: AQUEOUS

Compound

Ethylene dibromide
1 ,2-Dibromo-3-chloropropane

Practical Qumtitatioa Limit (PQL)

(u&L)
0.2
0.5

PQL * Practical Quantitabon Limit represents the normally obtainable measurement level achieved by the laboratory
under practical and routine laboratory conditions for a variety of sample matrices. Sample-specific reporting
limits may vary from the standard PQL as a result of sample matrix and compound concentrations.



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: SDWA PESTICIDES
METHOD: 608
MATRIX: AQUEOUS

COMPOUND
Endrin
Lindane
Methoxychlor
Toxaphene

PQL (ug/L) \
i 1
i i
i !
1 1

PARAMETER: SDWA HERBICIDES
METHOD: SM509B
MATRIX: AQUEOUS

COMPOUND
2.4-D
2,4,5-TP (SUvex)

PQL (ug/L)
10
i

PQL = Practical Quantitation Limit represents the normally obtainable measurement level
achieved by the laboratory under practical and routine laboratory conditions for a variety of
sample matrices. Sample-specific reporting limits may vary from the standard PQL as a result
of sample matrix and compound concentration.



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: DRINKING WATER VOLATILE ORGANICS
METHOD: 524.2
MATRIX: AQUEOUS

Compound

Benzene
Bromobenzene
Broraochloromethaue
Bromodichloromethane
Broraoform
Broroomethane
n-Butylbenzene
sec-Butylbeazene
teit-Butylbeozeae
Carbon tetrmchloride
Chlorobenzeae
Chloroethane
Chloroform
Chloro methane
2-Chlorotoluene
4-Chlorotoluene
Dibromochloromethue

,2-Dibromo-3-chlofopropaiie
,2-Dibromoethane

Dibromoroethane
.2-Dkhlorobenzeae
,3-DichlorobenzMe
,4-Dichlorobenzeae

Dichlorodifluoromethane
.l-Dkhloroetnane
,2-Dichloroetbiae
, 1 -Dkhloroetbene

cis- 1 ,2-Dichloroetheoe
trans- 1 ,2-Dichloroedicne
1 JZ-Dichloropropane
1 ,3-Dichloropropan»
2,2-DichloropropuM
1 , 1 -Dichloropropeoe
cis- 1 ,3-Pichloiopiopene
trani-1 ,3-Dichloroptopene
Ethylbenzene

Minimum Detection Limit (MDL)
(ugft.)

0.08
0.05
0.16
0.21
0.17
0.16
0.08
0.05
0.06
0.12
0.05
0.13
0.16
0.18
0.11
0.10
0.19
0.85
0.11
0.18
0.10
0.10
0.10
0.21
0.11
0.10
0.19
0.22
0.20
0.12
0.14
0.27
0.12
0.14
0.11
0.10

MDL = The Minimum Detection Limit is the minimum concentration of i substance that can be identified, measured,
and reported with 99% confidence that the analyte concentration is greater than zero.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: DRINKING WATER VOLATILE ORGANICS
METHOD: 524.2
MATRIX: AQUEOUS

Compound

Hexachlorobutadiene
Isopropylbenzene
4-Isopropyltoluene
Methylene chloride
Naphthalene
n-Propylbenzene
Styrene
1.1.1 ,2-TetrachIoroethane
1 , 1 ,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1 ,2,3-Trichlorobeozene
1 .2,4-TrichIorobenzene
1.1.1 -Trichlorocthane
1 , 1 ,2-TrichloToethane
Trichloroethene
Trichlorofluoromethane
1 ,2,3-Trichloropropane
1 ,2,4-Trimethylbenzene
1 ,3,5-Trimethylbenzene
Vinyl chloride
o-Xyleno
ra-Xylene
p-Xylene

Minimum Detection Limit (MDL)
(ugO.)

0.12
0.04
0.08
0.24
0.21
0.07
0.12
0.11
0.17
0.04
0.13
0.11
0.06
0.10
0.20
0.10
0.13
0.18
0.08
0.07
0.25
0.16
0.22
0.22

MDL = The Minimum Detection Limit a the minimum concentration of a substance that can be identified, measured,
and reported with 99% confidence that the analyte concentration is greater than zero.



ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: SEMTVOLATILE PRIORITY POLLUTANT VOLATILE ORGANICS
METHOD: 625/8270
MATRIX: AQUEOUS

: • Compound

Benzo(B)Fluorantbene

Beazo(K)Fluoranthene

Chrysene

Benzo( A) Anthracene

Anthracene

Phenanthrene

Acenaphthylene

Acenaphthefw

Benzo(A)Pyrene

Bts(2-Chloroethyl)Ether

Bis(2-Chloro«Cl>OJcy)Methane

Bu(2-Chloroisopropyl)Ethcr

Butyl Benzyl Phthalate

Diethylphthakte

Dtmethylphthalate

Fluorantheno

Fluorene

Hexachlorocyclopcatadiene

Hexachlorobutadiene

Hexachloroethane

Indeno(1.2,2-CD)Pyrene

Isophorono

N-Ntao»odi-n-Propylamine

N-NitrotodlpiwayUffline

N-Nitrojodlmethylamine

Nitrobenzene

4-Chloro-3-methylpheooI

Pyrene

B«nzo(CHI)peryleae

Practical Qiuatitftica Limit (PQL)
(ugfc)

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

PQL = Practical Quantitation Limit represents (he normally obtainable measurement level achieved by the

laboratory under practical and routine laboratory conditions for a variety of sample matrices. Sample-

specific reporting limits may vary from the standard PQL as a result of sample matrix and compound

concentrations.
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ABB Environmental Services, Inc.
Analytical Laboratory
Westbrook, Maine

ANALYTICAL METHOD INFORMATION
PARAMETER: SEMIVOLATILE PRIORITY POLLUTANT VOLATILE ORGANICS
METHOD: 625/8270
MATRIX: AQUEOUS

Compound

\ ,2-Dichlorobenzene

1 .2,4-Trichlorobenzene

Dibenzo(A.H)Ajithracene

1 ,3-Dichlorobcnzene

1 ,4-Dichlorobenzene

2-Chloronaphthal ene

2-Chlorophenol

2-Nitropbenol

DHt-octylphthalate

2,4-Dichlorophenol

2,4-Dimethylphenol

2.4-Oinitrotoluene

2.4-Dinitrophenol

2,4,6-Trichlorophenol

2,6-Dinitrotoluene

3,3-Dichlorobenzidine

4-Bromophenyl Phenyl Ether

4-Chlorophenyl Phenyl Ether

4-Nitrophenc4

2-Methyl-4,&-Duutrophenol

Phenol

Naphthalene

Pentachlorophenol

Bis(2-Ethylhexyl)Phthalate

Di-n-Butylphthalate

Benzidine

Heuchlorobenzene

1 ,2-Diphenyldrazine

Poetical Quantitatioa Limit (PQL)

(ugA-)
10

10

10

10

10

10

10

10

10

10

10

10

50

10

10

20

10

10

50

50

10

10

50

10

10

50

10

10

PQL = Practical Quantitation Limit represents the normally obtainable measurement level achieved by the

laboratory under practical and routine laboratory conditions for a variety of sample matrices. Sample-

specific reporting limits may vary from the standard PQL as a result of sample matrix and compound

concentrations.



REFERENCE GUIDE TO LABORATORY REPORT OF ANALYSIS

The attached Report of Analysis summarizes the analytical results tor your drinking water sample. The
ABB-ES Laboratory reports results using industry-accepted protocols as well as some unique reporting
protocols that are designed to present a comprehensive Report of Analysis.

All sample results are reported in concentration units of ug/L (micrograms per liter) or mg/L (milligrams
per liter). These units are used to express the concentration of a particular substance in a solution. One
milligram per liter (1 mg/L) is equivalent to one thousand micrograms per liter (1000 mg/L); therefore,
a solution with a concentration of 5 mg/L is more concentrated than a solution with a concentration of
5 ug/L.

After the Volatile Organic and Semivolattle Organic results, there is a section entitled Volatile Surrogate
Recovery and Semivolattle Surrogate Recovery, respectively. Surrogates are organic compounds which
are similar to analytes of interest in chemical composition, extraction, and chromatography, but which
are not normally found in environmental samples. These compounds are spiked into all blanks,
standards, samples and spiked samples prior to analysis. Percent recoveries are calculated for each
surrogate. The surrogate compounds act as a means to measure the efficiency of die sample extraction
and analysis.

The US Environmental Protection Agency has outlined certain criteria diat the ABB-ES Laboratory uses
for reporting sample concentrations. These criteria dictate the detection limits that laboratories should
use for reporting sample results. The ABB-ES Laboratory conducts Mediod Detection Limit (MDL)
studies and Instrument Detection Limit (IDL) studies on a regular basis. The MDL and IDL studies
enable us to determine the limitations of analytical procedures as well as instrumentation. An MDL is
defined as:

"The minimum concentration of a substance that can be identified, measured, and reported with
99% confidence that the analyte concentration is greater than zero."

An IDL is defined as:

"The smallest signal above background noise diat an instrument can detect at a 99% confidence
level."

Method Detection Limit or Instrument Detection Limit concentrations are then multiplied by a factor of
3 (three) to 10 (ten) to determine what the Practical Quantitation Limit (PQL) is for a particular analysis.
A PQL is defined as:

"The lowest level that can be reliably determined within specified limits of precision and accuracy
during routine laboratory operating conditions."



REFERENCE GUIDE TO LABORATORY REPORT OF ANALYSIS

All parameters on this Report of Analysis are reported based upon PQLs except for the Volatile Organic
Analysis results. The Volatile Organic Analysis results are reported based upon MDLs so that ABB-ES
reporting limits comply with Massachusetts Department of Environmental Protection drinking water
limits. If a result is reported with a " < " sign, then the compound was not detected in the sample above
the PQL or, in the case of Volatile Organics, the MDL.

As part of the standard operating procedures of the ABB-ES Laboratory, contaminant-free water is
analyzed as a sample concurrently with a set of samples. This reagent-tree water sample is called a
method blank. A "B" notation signifies that the compound reported was also detected in its
corresponding method blank. There are certain compounds that occur as common laboratory
contaminants that may be detected in the method blank. It is standard policy tor the laboratory to
reanalyze a sample if a compound that is not a common laboratory contaminant is detected in the method
blank.

For Volatile Organic and Semivolatile Organic analyses, it is common for most laboratories to report
values that are below the PQL. These values are notated with a "J". The "J" notation signifies that the
parameter was detected and that the value reported is an estimated value because it is below the PQL.

The ABB-ES Laboratory will notate other sample results based upon Quality Control criteria to wh ich
the laboratory adheres. Non-standard quality control results are notated on the Report of Analysis. This
notation will give a brief explanation of the impact of these quality control results on the actual sample
results.

-2-



Jl IHiPIP

US PRIMARY AND SECONDARY DRINKING WATER REGULATIONS

PARAMETER
Arsenic, total

Barium, total

Benzene
gamma-BHC (Lindane)
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform

Bromomethane
n-Butvlbenzene

sec-Butylbenzene

teit-Burylbenzene

Cadmium, total

Carbon tetrachloride
Chloride
Chlorobenzene

Chloroethane

Chloroform
Chloromethane

2-Chlorotoluene
4-Chlororo) uene

Chromium, total

Chromium, hexavalent
Coliform. fecal

Coliforro. total
Color

Copper, total

Corrosivity

2.4-D
1 .2-Oibromo-3-chloropropane

Dibromochloromethane

1 ,2-Dibromoethane
Oibromomethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

PRIMARY
MCL (mg/L)

0.05
1

0.005
0.0004

u
u
*

*

u
u
u
u

0.010
0.005

u
u
u
*

u
u
u

0.05
0.05

1/100 raL

1/100 raL

0.1
U
»

U
U
u
u

SECONDARY
MCL (mg/L)

250

15 color units
1

noncorrosive

MCL = Maximum Contaminant Level

U - Unregulated parameter.

Reference list: USEPA, 'Fact Sheet, Drinking Water Regulations Under the Safe Drinking Water Act.

February 1989. SDWA » Safe Drinking Water Act.
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ABB
US PRIMARY AND SECONDARY DRINKING WATER REGULATIONS

PARAMETER
I .4-DichIorobenzene
Dichlorodifluoromethane
l.I-Dichloroethane
1 ,2-Dichloroethane
1 . 1 -Dichloroethene
cis- 1 ,2-Dichloroelhene
trans- 1 ,2-Dichloroethene
1 ,2-Dichloropropane
1 ,3-Dichloropropane
2.2-Dichloropropane
1 , 1 -Dichloropropene
cis-1 ,3-Dichloropropene
trans- 1 ,3-Dichloropropene
Endrin
Ethylbenzene
Fluoride, soluble
Hexachlorobutadiene
Iron, total
I soprop ylbenzene
4-Isopropyltoluene
Langelier saturation index
Lead, total
Manganese, total
Mercury, total
Methoxychlor
Methvlene chloride
Naphthalene
Nitrate, (as N)
Odor

PH
n-Propylbenzene
Radioactivity, total alpha
Radioactivity, total beta
Radium 226, total
Radium, 228

PRIMARY
MCL (mg/L)

0.075
U
U

0.005
0.007

U
U
U
U
U
U
U
U

0.0002
U

4.0
U
U
U
U
U

0.05
U

0.002
0.1

U
U
10

U
15pCi/L
4 mrem
SpCi/L
5pCi/L

SECONDARY
MCL (mg/L)

2.0

0.3

0.05

3 TON
6.5-«.5

MCL = Maximum Contaminant Level

U = Unregulated parameter.

Reference list: USEPA. "Fact Sheet, Drinking Water Regulations Under the Safe Drinking Water Act.
February 1989. SDWA = Safe Drinking Water Act.



Jl IIII

US PRIMARY AND SECONDARY DRINKING WATER REGULATIONS

PARAMETER.
Selenium, total
Silver, total
Sodium, total
Slyrene
Sulfate (as SO4)
Surfactants
1,1,1 ,2-Tetrachloroethane
1 , 1 ,2.2-Tetrachloroetbane
Tetrachloroethene
Toluene
Total dissolved solids (TDS)
Toxaphene
2.4.5-TP (Silvcx)
1 ,2.3-Trichlorobenzene . .
1 .2,4-Trtchlorobenzene
1,1,1 -Trichloroethane
1,1.2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1 ,2,3-Trichloropropane
Trihalomethanes (chloroform, bromoform.

bromodichloromethane, dibromochloromethane) *
1 ,2.4-Trimethylbenzene
1 ,3,5-Trimethylbenzene
Turbidity
Vinyl chloride
m-Xylene
o-Xylene
p-Xylene
Zinc, total

PRIMARY
MCL (mg/L)

0.01
0.05
20.0

U

U
U
U
U

0.005
0.01

U
U

0.20
U

0.005
U
U

0.10

U
U

1-5 ntu
0.002

U
U
U

SECONDARY
MCL (mg/L)

250
2

500

5

MCL = Maximum Contaminant Level

U = Unregulated parameter.

Reference list: USEPA, "Fact Sheet, Drinking Water Regulations Under the Safe Drinking Water Act,"
February 1989. SDWA = Safe Drinking Water Act.
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Client: Olin Chemical, Sample Numbers: 91259009-016

ANALYSIS AND QUALITY CONTROL
DOCUMENTATION

Prepared By:

ABB ENVIRONMENTAL
ANALYTICAL LABORATORY SERVICES DIVISION

PORTLAND, MAINE

26-Sep-91

Reviewed and Approved by:
Laboratory Quality Assurance* Julie Ricardi
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Client: Olin Chemical 26-Sep-91

MA DEP QC REPORT

MA DEP QC Report documentation consists ol the following components lor specific types of analyses:

Section Type of Documentation
INORGANIC ANALYSES FOR METALS

o
o
o
o

INORGANIC ANALYSES FOR NON-METALS

o
o
o
o

ORGANIC ANALYSES BY GC

o
o
o
o

ORGANIC ANALYSES BY GC/MS

METHODS AND CHRONOLOGY OF ANALYSIS
METHOD BLANK AND LABORATORY CONTROL SAMPLE RESULTS
DUPLICATE AND MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS
SUMMARY REPORT

METHODS AND CHRONOLOGY OF ANALYSIS
METHOD BLANK AND LABORATORY CONTROL SAMPLE RESULTS
DUPLICATE AND MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS
SUMMARY REPORT

METHODS. CHRONOLOGY OF ANALYSIS AND METHOD BLANK RESULTS
LABORATORY CONTROL SAMPLE RESULTS
SAMPLE DUPLICATE RESULTS
MATRIX SPIKE RESULTS

METHODS, CHRONOLOGY OF ANALYSIS AND METHOD BLANK RESULTS

LABORATORY CONTROL SAMPLE RESULTS
SAMPLE DUPLICATE RESULTS
MATRIX SPIKE RESULTS 000002



Client: Olin Chemical 26-Sep-9

MA DEP QC REPORT

MA DEP QC Report documentation consists ol the following components (or specific types of analyses:

Section Type of Documentation
CHAIN OF CUSTODY

0
o
o
o

ANALYSIS REQUEST FORMS
CHAIN OF CUSTODY RECORDS
SAMPLE RECEIVING DOCUMENTATION
CORRESPONDENCE

OOOO03



Client: Olin Chemical 24-Sep-91

Methods and Chronology of Analysis

METHODS OF ANAL YSIS CHRONOLOGY OF ANALYSES

Parameter

Aluminum

Barium

Beryllium

Chromium

Method Description
No.

200.7 Atomic Emission, Inductively Coupled Plasma

200.7 Atomic Emission. Inductively Coupled Plasma

200.7 Atomic Emission. Inductively Coupled Plasma

200.7 Atomic Emission. Inductively Coupled Plasma

ABB Environmental
Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date
Sample

Received

16-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-9l
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-9l
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-9l
i6-Sep-91

Date
of Sample
Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
l7-Sep-9!
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-9l
!7-Sep-9i

Date
of

Instrument
Analysis

18-Sep-9l
18-Sep-9l
IB-Sep-91
18-Sep-9l
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
ie-Sep-91
l8-Sep-91

Dilution
Factor *

.0

.0

.0

.0

.0

.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

nnnnna



Client: Olin Chemical 24-Sep-QI

Methods and Chronology of Analysis

METHODS OF ANALYSIS CHRONOLOGY OF ANAL YSES

Parameter

Copper

Iron

Manganese

Nickel

Method Description
No.

200.7 Atomic Emission, Inductively Coupled Plasma

200.7 Atomic Emission. Inductively Coupled Plasma

200.7 Atomic Emission, Inductively Coupled Plasma

200.7 Atomic Emission, Inductively Coupled Plasma

ABB Environmental
Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date
Sample

Received

16-Sep-9l
16-S0P-91
l6-Sep-91
16-Sep-91
16-S6P-91
l6-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91
l6-Sep-91
!6-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91
l6-Sep-91
!6-Sep-91
16-Sep-91
16-Sep-91
16-Sap-91

Date
of Sample
Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-9l
17-Sep-9!
17-Sep-91
17-Sep-91

. 17-Sep-91
17-Sep-91
17-Sep-9l
17-Sep-91
l7-Sep-9l
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9l
17-Sep-91
17-Sep-91
!7-Sep-9l
17-Sep-91
17-Sep-91
17-Sep-91

Date

of
Instrument
Analysis

18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
18-Sep-91

Dilution
Factor *

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



Client: Olin Chemical 24-Sep-9!

Methods and Chronology of Analysis

METHODS OF ANALYSIS CHRONOLOGY OF ANAL YSES

Parameter

Silver

Sodium

Zinc

Antimony

Method Description

No.

200.7 Atomic Emission. Inductively Coupled Plasma

200.7 Atomic Emission, Inductively Coupled Plasma

200.7 Atomic Emission, Inductively Coupled Plasma

204.2 Atomic Absorption, Graphite Furnace

ABB Environmental

Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date
Sample

Received

16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
!6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
!6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
i6-Sep-91
16-Sep-91
16-Sep-91

Date
of Sample
Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
!7-Sep-91
17-Sep-91
17-Sep-9!
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
!7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
i7-Sep-9l

Date
of

Instrument
Analysis

18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9!
18-Sep-91
18-Sep-91
18-Sep-9!
18-Sep-91
18-Sep-91
18-Sep-9l

Dilution
Factor *

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



Client: Olin Chemical 24-Sep-91

Methods and Chronology of Analysis

METHODS OF ANALYSIS CHRONOLOGY OF ANAL YSES

Parameter

Arsenic

Cadmium

Lead

Selenium

Method Description
No.

206.2 Atomic Absorption, Graphite Furnace

213.2 Atomic Absorption, Graphite Furnace

239.2 Atomic Absorption. Graphite Furnace

270.2 Atomic Absorption, Graphite Furnace

ABB Environmental
Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date
Sample

Received

16-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-9l
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91
16-Sep-9l
l6-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91
l6-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91

Date
of Sample
Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9l
17-Sep-91
l7-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91

'17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91

Date
of

Instrument
Analysis

18-Sep-9!
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
!8-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
19-Sep-91
l9-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91

Dilution
Factor *

1.0
1.0
1.0
1.-0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

1.0
1.0
1.0
1.0
1.0
1.0

f" '' \f\ '•• •



Client: Olin Chemical 24-Sep-91
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Methods and Chronology of Analysis

METHODS OF ANALYSIS CHRONOLOGY OF ANALYSES

Parameter

Thallium

Mercury

Method Description

No.

279.2 Atomic Absorption, Graphite Furnace

245.1 Atomic Absorption, Manual Cold Vapor

ABB Environmental

Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date

Sample

Received

16-Sep-91
l6-Sep-91
!6-Sep-91
16-Sep-9l
16-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
16-Sep-91

Date

of Sample

Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9!
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
18-Sep-91
1B-Sep-91
l8-Sep-91

Date
of Dilution

Instrument Factor *

Analysis
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0

Notes:
Unless otherwise indicated, analytical methods are from (1) "Methods of Chemical Analysis of Water and Wastes." EPA-600/4-79-020,

Revised March, 1983. or (2) "Test Methods for Evaluating Solid Wastes," EPA SW-846, Revised November. 1986.

'The Dilution Factor (OF) Indicates whether a sample, prepared in accordance with the analytical method protocol, was diluted prior to analysis.
The Dilution Factor could also indicate that a smaller aliquot than specified In the method was utilized for sample preparation and analysis.
For example, a dilution factor of 5 means that the sample was effectively diluted by a factor of 5 prior to analysis, I.e., the, sample was analyzed
at 20% its reported concentration.

OOOOC8



Client: Olin Chemical 24-Sep-
v

Method Blank and Laboratory Control Sample Results

METHOD BLANK RESULTS LABORATORY CONTROL SAMPLE RESULTS

Parameter
Aluminum

Barium

Beryllium

Chromium

Copper

Iron

Manganese

Nickel

Silver

Sodium

Zinc

Antimony

Arsenic

Date
of

Prep
17-Sep-91
17-Sep-91
!7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-9l
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-9l
l7-Sep-91
17-Sep-91
!7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-Sl

Date
of

Analysis
18-Sep-91
18-Sep-91
19-Sep-91
19-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-9l
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep*91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
1B-Sep-91
18-Sep-9l
18-Sep-91
18-Sap-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l9-Sep-91

Concentration Practical
Unite Measured Acceptance Quantitation

in Blank Range Level*1

mg/L < 0.10 < 0.10 0.10
mg/L < 0.10 < 0.10 0.10
mg/L < 0.005 < 0.005 0.005
mg/L < 0.005 < 0.005 0.005

mg/L < 0.015 < 0.015 0.015
mg/L < 0.015 < 0.015 0.015
mg/L < 0.015 < 0.015 0.015
mg/L < 0.015 < 0.015 0.015
mg/L < 0.025 < 0.025 0.025
mg/L < 0.025 < 0.025 0.025
mg/L < 0.025 < 0.050 0.025
mg/L < 0.025 < 0.050 0.025
mg/L < 0.010 < 0.010 0.010
mg/L < 0.010 < 0.010 0.010
mg/L < 0.040 < 0.040 0.040
mg/L < 0.040 < 0.040 0.040
mg/L < 0.015 < 0.015 0.015
mg/L < 0.015 < 0.015 0.015
mg/L < 0.050 < 0.200 0.050
mg/L < 0.050 < 0.200 0.050
mg/L < 0.025 < 0.025 0.025
mg/L < 0.025 < 0.025 0.025
mg/L < 0.005 < 0.005 0.005

mg/L < 0.005 < 0.005 0.005

Measured Percent Acceptance Acceptance
Units True Value Value Recovered Range Range

(%) (mg/kg)
mg/L 3.00 2.88 96.0 80-120
mg/L 3.00 2.94 98.0 80-120

mg/L 0.300 0.294 98.0 80-120
mg/L 0.300 0.295 98.3 80-120
mg/L 0.100 0.093 93.0 80-120
mg/L 0.100 0.095 95.0 80-120
mg/L 0.300 0.300 100 80-120
mg/L 0.300 0.309 103 80-120
mg/L 0.300 0.285 95.0 80-120
mg/L 0.300 0.296 98.7 80-120
mg/L 12.5 12.4 99.2 80-120
mg/L 12.5 12.5 100 80-120
mg/L 0.200 0.195 97.5 80-120
mg/L 0.200 0.197 98.5 80-120
mg/L 0.300 • 0.296 98.7 80-120
mg/L 0.300 0.297 99.0 80-120
mg/L 0.300 -0.300 100 80-120
mg/L 0.300 0.300 100 80-120
mg/L 2.50 2.40 96.0 80-120
mg/L 2.50 2.45 98.0 80-120
mg/L 0.300 -0.296 98.7 80-120
mg/L 0.300 0.299 99.7 80-120
mg/L 0.020 0.023 115 80-120
mg/L 0.020 0.023 115 80-120
mg/L 0.020 0.022 110 80-120
mg/L 0.020 0.022 110 80-120



Client: Olin Chemical 24-Sep-91

Method Blank and Laboratory Control Sample Results

METHOD BLANK RESULTS LABORATORY CONTROL SAMPLE RESULTS

Parameter
Cadmium

Lead

Selenium

Thallium

Mercury

Date
of

Prep
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
18-Sep-91
18-Sep-91

Date
of

Analysis
18-Sep-91
18-Sep-91
17-Sep-91
l7-Sep-9l
19-Sep-9l
19-Sep-91
17-Sep-91
17-Sep-91
16-Sep-91
18-Sep-91

Concentration Practical
Unite Measured Acceptance Quantitation

in Blank Range . Level*
mg/L < 0.002 < 0.002 0.002

mg/L < 0.005 < 0.005 0.005
mg/L < 0.005 < 0.005 0.005
mgn. < 0.005 < 0.005 0.005

me/L < 0.005 < 0.005 0.005

ug/L < 0.20 < 0.20 0.20
ug/L < 0.20 < 0.20 0.20

Measured Percent Acceptance Acceptance
Units True Value Value Recovered Range Range

(«) (mg/kg)
mg/L 0.010 0.011 110 80-120
mg/L 0.010 0.011 110 80-120
mg/L 0.020 0.022 110 80-120
mg/L 0.020 0.020 100 80-120
mg/L 0.010 0.010 100 80-120
mg/L 0.010 0.010 100 80-120
mg/L 0.010 0.009 90.0 80-120
mg/L 0.010 0.009 90.0 80-120
ug/L 2.00 1.70 85.0 80-120
ug/L 2.00 1.65 82.5 80-120

' Practical quantltation level Is the lowest concentration measurable for samples with normal chemical and physical composition
during routine laboratory operations.

DATA QUALITY COMMENTS:
Results of all quality control measurements are within the laboratory and method specified acceptance range except as noted.
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Client: din Chemical 24-Sep-91

Duplicate and Matrix Spike/Matrix Spike Duplicate Results

DUPLICA TE RESULTS MA TRIX SPIKEMA TRIX SPIKE DUPLICA TE RESULTS
ABB

Environmental
Parameter Sample No.

Aluminum
Barium
Beryllium
Chromium
Copper
Iron
Manganese
Nickel
Silver
Sodium
Zinc
Antimony
Arsenic
Cadmium
Lead
Selenium
Thallium
Mercury

91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011
91259011

Sample Acceptance
Measurement Mean Range

Units Rep 1 Rep 2 Cone RPD for RPD

(%) (%)
mg/L <0.100 <0.100 <0.100 NC 0-20
mg/L 0.022 0.021 0.022 4.7 0-20
mg/L <0.015 <0.015 <0.015 NC 0-20
mg/L <0.015 <0.015 <0.015 NC 0-20
mg/L 0.038 0.043 0.041 12 0-100
mg/L 0.483 0.478 0.481 1.0 0-20
mg/L 0.977 0.967 0.972 1.0 0-20
mg/L <0.040 <0.040 <0.040 NC 0-20
mg/L <0.015 <0.015 <0.015 NC 0-20
mg/L 20.2 20.3 20.3 0.5 0-20
mg/L <0.025 <0.02S <0.025 NC 0-20
mg/L <0.005 <0.005 <0.005 NC 0-20
mg/L <0.005 <0.005 <0.005 NC 0-20
mg/L <0.002 <0.002 <0.002 NC 0-20
mg/L <0.005 <0.005 <0.005 NC 0-20
mg/L <0.005 <0.005 <0.005 NC 0-20
mg/L <0.005 <0.005 <0.005 NC 0-20
ug/L <0.20 <0.20 <0.20 NC 0-20

Concentration or Quantity Matrix Spike Recovery (*)
Units Sample Spike Sample Sample Sample Sample Acceptance RPD Acceptance

Only Added + Spike +Spike +Spike + Spike Range (%) Range
Dup 1 Dup2 Dup 1 Dup2 (%) (%)

mg/L <0.100 3.00 2.92 NA 97.3 NA 80-120 NA 0-20
mg/L 0.022 0.300 0.319 NA 99.0 NA 80-120 NA 0-20
mg/L <0.015 0.100 0.091 NA 91.0 NA 80-120 NA 0-20
mg/L <0.015 0.300 0.288 NA 96.0 NA 80-120 NA 0-20
mg/L 0.041 0.300 0.334 NA 97.7 NA 80-120 NA 0-20
mg/L 0.481 12.5 12.6 NA 97.0 NA 80-120 NA 0-20
mg/L 0.972 0.200 1.17 NA 99.0 NA 80-120 NA 0-20
mg/L <0.040 0.300 0.303 NA 101 NA 80-120 NA 0-20
mg/L <0.015 0.300 0.292 NA 97.3 NA 80-120 NA 0-20
mg/L 20.3 2.50 22.8 NA 100 NA 80-120 NA 0-20
mg/L <0.025 0.300 0.306 NA 102 NA 80-120 NA 0-20
mg/L <0.005 0.020 0.028 NA 140 NA ' 80-120 NA 0-20
mg/L <0.005 0.020 0.023 NA 115 NA 80-120 NA 0-20
mg/L <0.002 0.010 0.011 NA 110 NA 80-120 NA 0-20
mg/L <0.005 0.020 0.020 NA 100 NA 80-120 NA 0-20
mg/L <0.005 0.010 0.012 NA 120 NA 80-120 NA 0-20
mg/L <0.005 0.010 0.010 NA 100 NA 80-120 NA 0-20
ug/L <0.20 2.00 1.95 NA 97.5 NA 80-120 NA 0-20

RPD - Relative percent difference, which Is the absolute value of the difference between two duplicate results divided by the mean concentration
then multiplied by 100%.

NA - Not applicable.

NC - Relative percent difference cannot be calculated for sample results less than the POL.

Because of the large uncertainty (i.e.. 33% or greater) associated with measurements made near the detection level, the acceptance range for relative

000011



Client: Olin Chemical 24-Sep-91

Duplicate and Matrix Spike/Matrix Spike Duplicate Results

DUPLICA TE RESULTS MA TRIX SPIKE/MA TRIX SPIKE DUPLICA TE RESULTS
ABB

Environmental
Parameter Sample No.

Sample Acceptance
Measurement Mean Range

Units Rep 1 Rep 2 Cone RPD for RPD

Concentration or Quantity Matrix Spike Recovery (%)
Units Sample Spike Sample Sample Sample Sample Acceptance RPD Acceptance

Only Added tSpike +Spike +Spike + Spike Range (%) Range
Pup 1 Pup 2 Pup 1 Pup 2 (%) (%)

percent difference for duplicate measurements at such low concentrations is 0-100%.

DATA QUALITY COMMENTS:
Results of all quality control measurements are within the laboratory or contract specified acceptance range except as noted.

• Matrix spike recovery is outside the laboratory's specified acceptance range indicating potential sample matrix interference
and potential bias of reported value for this parameter.
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Client: Olin Chemical
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Summary Report

Report

All sample analyses for elements referenced by this Quality Control Report were routine and were
conducted in accordance with appropriate analytical protocols and laboratory standard operating
procedures except as noted.

ABB Environmental Sample No. 91259011
Parameter: Antimony
Description of Problem/Summary of Laboratory Actions: The antimony matrix spike recovery for this
sample is 140%. which is outside the laboratory's acceptance range of 80%-120%. This may indicate the
presence of a sample matrix interference and a potential bias of the reported value for this parameter.



Client: Olin Chemical 24-Sep-91(
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Methods and Chronology of Analysis

METHODS OF ANAL YSIS CHRONOLOGY OF ANALYSES

Parameter

Chloride

Conform. Fecal

Coliform, Total

Chromium. Hexavalent

Method Description
No.

325.2 Colorimetric, Automated Ferrlcyanide

~APHA 909C Membrane Filter, M-FC medium

~APHA 909A Membrane Filter, M-Endo medium

7196 Colorimetric

ABB Environmental
Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date
Sample

Received

16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-9l
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
16-Sep-9l

Date
of Sample
Chemical

Preparation
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
!8-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
!7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91

Date
of

Instrument
Analysis
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep-91
!8-Sep-91
18-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91

Dilution
Factor *

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



Client: Olin Chemical 24-Sep-
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Methods and Chronology of Analysis

METHODS OF ANAL YSIS CHRONOLOGY OF ANALYSES

Parameter

Cyanide, Total

Fluoride

Ammonia-Nitrogen

TKN -Total KjekJahl Nitrogen

Method Description
No.

335.2 Spectrophotometric, Manual

340.2 Potentiometrlc, Ion Selective Electrode

350.1 Colorlmetric. Automated Phenate

351.2 Colorimelric, Automated Block Digester

ABB Environmental
Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

. Dale
Sample

Received

16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-9l
16-Sep-91
!6-Sep-91
16-Sap-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sap-9l
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91

Date
of Sample
Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
18-Sep-91
18-Sep-9l
18-Sep-9!
18-Sep-91
18-Sep-91

Date

of
Instrument
Analysis
19-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l9-Sep-91
!9-Sep-91
19-Sep-91
19-Sep-91
19-Sep-91
!9-Sep-91
19-Sep-91

Dilution
Factor*

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



Client: Olin Chemical 24-Sep-9l

Methods and Chronology of Analysis

METHODS OF ANALYSIS CHRONOLOGY OF ANAL YSES

Parameter

Nitrate+Nitrlte-Nltrogen

Nitrate-Nitrogen

Nitrite-Nitrogen

pH (Laboratory)

Method Description
No.

353.2 Colorlmetrlc. Automated Cadmium Reduction

353.2/354.1 Calculation from Nitrate+Nitrite. Nitrite

354.1 Colorimetrlc. Automated

150.1 Electrometric

ABB Environmental

Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date

Sample

Received

16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
l6-Sep-91
l6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-9!
16-Sep-91
16-Sep-91
16-Sep-9l
16-Sep-9l
16-Sep-9l

Date

of Sample

Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9!
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-9l

Date

of
Instrument

Analysis
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-9l
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9l
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91

Dilution

Factor *

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



Client: Olln Chemical 24-Sep

Methods and Chronology of Analysis

METHODS OF ANALYSIS CHRONOLOG Y OF ANAL YSES

Parameter

TDS -Filterable Residue

Sulfate

Method Description

No.

160.1 Gravimetric, 180C

375.4 TurbWimelrlc

ABB Environmental

Sample Nos.

91259009
91259010
91259011
91259012
91259013
91259014
91259015
91259009
91259010
91259011
91259012
91259013
91259014
91259015

Date

Sample

Received

16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
!6-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-8ep-91
l6-Sep-91
16-Sep-91
16-Sep-91

Date

of Sample

Chemical

Preparation
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-9l
!7-Sep-91
17-Sep-91
17-Sep-91
17-8ep-91
17-Sep-91
17-Sep-91
17-Sep-91

Date

of Dilution

Instrument Factor *

Analysis
18-Sep-91 1.0
lS-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
18-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.0
17-Sep-91 1.a
17-Sep-91 1.0

Notes:
Unless otherwise indicated, analytical methods are from (1) "Methods of Chemical Analysis of Water and Wastes,' EPA 600/4-79-020,

Revised March. 1983. or (2) -Test Methods for Evaluating Solid Wastes,' EPA SW-846, Revised November, 1986.

NA - Not applicable.

~ APHA - Standard Methods for the Examination of Water and Wastewater, American Public Health Association. 16th edition. 1985.

'The Dilution Factor (DP) indicates whether a sample, prepared in accordance with the analytical method protocol, was diluted prior to analysis.
The Dilution Factor could also indicate that a smaller aliquot than specified In the method was utilized for sample preparation and analysis.
For example, a dilution factor of 5 means that the sample was effectively diluted by a factor of 5 prior to analysis, i.e., the sample was analyzed
at 20% its reported concentration.

000017



Client: Olin Chemical 24-Sep-91

Method Blank and Laboratory Control Sample Results

METHOD BLANK RESULTS LABORATORY CONTROL SAMPLE RESULTS

Parameter

Chloride

Collform. Fecal
Colilorm, Total
Chromium. Hexavalent
Cyanide. Total
Fluoride

Ammonia-Nitrogen

TKN -Total Kjeldahl Nitrogen

Nitrate+Nitrite-Nitrogen

Nitrate-Nitrogen

Nitrite-Nitrogen

TDS -Filterable Residue

Sullate

Date
of

Prep*
18-Sep-91
l8-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
l8-Sep-91
18-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9t
17-Sep-91
17-Sep-91
17-Sep-91

Date
of

Analysis*
18-8ep-91
18-Sep-91
18-Sep-91
l8-Sep-91
17-Sep-91
19-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
19-Sep-91
19-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91
17-Sep-9!
17-Sep-91
17-Sep-91
!8-Sep-91
l8-Sep-91
l8-Sep-91
l8-Sep-91
17-Sep-91

Cone. Practical

Units Measured Acceptance Quantitation

in Blank Range Level**

mg/L < 2.0 < 2.0 2.0
mg/L < 2.0 < 2.0 2.0

col/100 mL < 1.0 < 1.0 1.0
col/100 mL < 1.0 < 1.0 1.0

mg/L < 0.010 < 0.010 0.010
ug/L < 20 < 20 20
mg/L < 0.20 < 0.20 0.20

mg/L < 0.10 < 0.10 0.10
mg/L < 0.10 < 0.10 0.10
mg/L < 0.10 < 0.10 0.10
mg/L < 0.10 < 0.10 0.10
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 0.050 < 0.050 0.050
mg/L < 10 < 10 10
mg/L < 10 < 10 10
mg/L < 10 < 10 10
mg/L < 10 < 10 10
mg/L < 1.0 < 1.0 1.0

True Measured Percent Acceptance Acceptance Acceptance

Units Value .Value Recovered Range Range Range

(%) (mg/kg) (*)

mg/L 62.5 69.8 112 80-120
mg/L 62.5 70.7 113 80-120

mg/L 0.043 0.040 93.0 80-120
ug 10.5 9.34 89.0 80-120

mg/L 1.00 0.96 96.0 80-120
mg/L 0.80 0.78 97.5 80-120
mg/L 1.50 1.57 105 80-120
mg/L 1.50 1.49 99.3 80-120
mg/L 1.25 1.29 103 80-120
mg/L 1.25 1.19 95.2 80-120
mg/L 1.20 1.22 102 80-120
mg/L 1.20 1.26 105 80-120
mg/L 1.20 1.26 105 80-120
mg/L 1.20 1.22 102 80-120
mg/L 1.20 1.26 105 80-120-
mg/L 1.20 1.26 105 80-120
mg/L 1.00 0.918 91.8 80-120
mg/L 1.00 0.978 97.8 80-120
mg/L 746 727 97.5 80-120

mg 1.25 1.24 99.2 80-120
mg 1.25 1.21 96.8 80-120

' Date is indicated if sample preparation/analysis was performed on more than one day for a parameter. If no date is given, all samples,
method blanks and laboratory control samples were prepared and analyzed as indicated on the Chronology Form.
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Client: Olin Chemical 24-Sep-i

Method Blank and Laboratory Control Sample Results

METHOD BLANK RESULTS LABORATORY CONTROL SAMPLE RESULTS

Parameter

Date
of

Prep*

Date
of

Analyiif*

Cone. Practical
Unit* Measured Acceptance Quantitation

in Blank Range Level**

True . Mea*ured Percent Acceptance Acceptance Acceptance
Unit* Value Value Recovered Range Range Range

(») (mg/kg) (*)

' * Practical quantltation level is the lowest concentration measurable (or samples with normal chemical and physical composition
during routine laboratory operations.

DATA QUALITY COMMENTS:
Results of all quality control measurements are within the laboratory and method specified acceptance range except as noted.
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Client: Olin Chemical 24-Sep-91

Duplicate ahd Matrix Spike/Matrix Spike Duplicate Results

DUPLICATE RESULTS MA TRIX SPIKE/MA TRIX SPIKE DUPLICA TE RESULTS
ABB

Environmental

Parameter Sample No.

Chloride
Chromium, VI

Cyanide. Total
Fluoride
Ammonia
TKN
Nitrate+Niirite

Nitrate

Nitrite
pH (Laboratory)
TDS
Sullate

91259011
91259011
91259013
91259011
91259011
91259011
91259011
91259011
91259015
91259011
91259015
91259011
91259011
91259011
91259011

Sample Acceptance
Measurements Mean Range

Units Rep 1 Rep 2 Cone RPD for RPD

<*) <*)
mg/L 42.2 42.0 42.1 0.5 0-20
mfl/L <0.010 <0.010 <0.010 NC 0-20

uo/L <20 <20 <20 NC 0-20
mg/L <0.20 <0.20 <0.20 NC 0-20
mg/L 0.323 0.313 0.318 3.1 0-20
mg/L 0.277 0.257 0.267 7.5 0-20
mg/L 0.208 0.164 0.186 24 • 0-20
mg/L 0.422 0.130 0.276 106 • 0-20
mg/L 0.208 0.164 0.186 24 • 0-20
mg/L 0.422 0.130 .0.276 106 * 0-20
mg/L <0.050 <0.050 <0.050 NC 0-20

6.46 6.48 6.47 0.3 0-20
mg/L 143 138 141 3.6 0-20

Concentration or Quantity Matrix Spike Recovery (%)
Units Sample Spike Sample Sample Sample Sample Acceptance RPD Acceptance

Only Added +Spike +Spike +Spike +Spike Range (%) Range

Dup 1 Dup2 Dup 1 Dup2 (%) (%)
mg/L 33.7 12.5 47.7 47.6 112 111 80-120 0.7 0-20

mg/L <0.010 0.086 0.074 NA 86.0 NA 80-120 NA 0-20
ug/L <20 105 115 NA 110 NA 80-120 NA 0-20
mg <0.020 0.200 0.193 NA 96.5 NA 80-120 NA 0-20

mg/L 0.310 1.25 1.52 NA 96.8 NA 80-120 NA 0-20
mg/L 0.267 1.25 1.53 NA 101 NA 80-120 NA 0-20
mg/L 0.167 1.20 1.44 NA 106 NA 80-120 NA 0-20

mg/L 0.167 1.20 1.44 NA 106 NA 80-120 NA 0-20

mg/L <0.050 0.250 0.205 NA 82.0 NA 80-120 NA 0-20

mg 0.67 0.50 1.15 NA 96.0 NA 80-120 NA 0-20

RPD - Relative percent difference, which is the absolute value of the difference between two replicate results divided by the mean concentration
then multiplied by 100%.

NC « Relative percent difference cannot be calculated for sample results less than the PQL.

NA - Not applicable.

Because of the large uncertainty (i.e., 33% or greater) associated with measurements made near the detection level, the acceptance range for relative
percent difference for duplicate measurements at such low concentrations is 0-100%.

DATA QUALITY COMMENTS:
Results of all quality control measurements are within the laboratory or contract specified acceptance range except as noted.



Client: Olin Chemical 24-Sep-9i
v

Duplicate and Matrix Spike/Matrix Spike Duplicate Results

DUPLICA TE RESULTS MATRIX SPIKE/MA TRIX SPIKE DUPLICA TE RESULTS

Parameter

ABB
Environmental

Sample No.

Sample Acceptance
Measurements Mean Range

Units Rep 1 Rep 2 Cone RPD for RPD

Concentration or Quantity Matrix Spike Recovery (%)
Units Sample Spike Sample Sample Sample Sample Acceptance RPD Acceptance

Only Added +Spike + Spike +Spike +Spike Range (%) Range
Dup 1 Dup 2 Dup 1 Dup 2 (%)

• Precision of replicate analysis as measured by RPD is outside the laboratory's acceptance range lor this parameter. Sample homogeneity may be a (actor.
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Client: Olin Chemical 25-Sep-91

: %^feot Report:

Summary Report

Inorganic Laboratory Summary Report
•

All sample analyses for wet chemistry referenced by this Quality Control Report
were routine and were conducted in accordance with appropriate analytical protocols and
laboratory standard operating procedures except as noted.

ABB Environmental Sample No. 91259011.91259015
Parameter: Nitrate+Nitrite
Description of Problem/Summary of Laboratory Actions: The RPD for the duplicate analysis
of these samples is outside of laboratory accepted criteria. All of the Laboratory Control Standards
(LCS) and method blanks run concurrently with these samples are within acceptable laboratory
criteria. The analyte concentration, determined in these samples, is close to the intrument's
PQL, sample homogeneity is a potential factor.

ABB Environmental Sample No.
Parameter: Nitrate

91259011,91259015

Description of Problem/Summary of Laboratory Actions: The RPD for the duplicate analysis
of these samples is outside of laboratory accepted criteria. All of the Laboratory Control Standards
(LCS) and method blanks run concurrently wrth these samples are within acceptable laboratory
criteria. The analyte concentration, determined in these samples, is close to the Intrument's
PQL, sample homogeneity is a potential factor.



Client: Olin Chemical 25-Sep-91

000023

Methods, Chronology of Analysis and Method Blank Results

Microextractables by GC Method 504

Water Matrix

CHRONOLOGY
ABB

Sample Nos.
91259009
91259010
91259011
91259012
91259013

91259013DUP
91259014
91259015

91259015MS

Date
Received •
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91

Date
Analyzed
20-Sep-91
20-Sep-91
21-Sep-91
21-Sep-91
21-Sep-91
21-Sep-91
21-Sep-91
21-Sep-91
21-Sep-91

ABB -
Sample Nos.

Date
Received

Date
Analyzed

METHOD BLANK RESULTS*
Compound Code.

* Only positive hits have been included.
The remaining compounds were below the Laboratory Practical Quantitation limits.



Client: Olin Chemical 25-Sep-91

Date of Extraction: 19-Sep-91
Date of Analysis: 21 -Sep-91

£^^

Laboratory Control Sample Results

Microextractables by GC Method 504

Water Matrix

Compound
Ethylene Dibromide (EDB)
l,2-Dibrorao-3-chloropropane (DBCP)

Uniu
ug/L
ug/L

Spike

Cone.

0.500
0.500

LCS

Meuurtd

'. Cone.

0.283
0.414

LCS Dup.

M«Mured

Cone.

0.378

0.435

LCS

*
Recovery

56.6
82.8

LCS Pup.

- "*,. .;•
Recovery

75.6

87.0

Recovery

Acceptance

R«»ge(*)<

25-125
25-125

RPD

<*)
29

4.9

RPO
Acceptance

R-ngc (*)*

0-50
0-50

* These limits are for advisory purposes only, and are not to be utilized as sample validation criteria.
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Client: Olin Chemical 25-Sep-

ABB Sample No. Duplicated:

v
Analytical

Sample Duplicate Results

MicroextracUbles by GC Method 504

Water Matrix

91259013

Compound*
No compounds detected.

Units
ug/L

ug/L

Sample
Cone.

Sample
Duplicate

Cone.
Average
Cone.

RPD

<%)

RPD
Acceptance
Range (%)

0-20
0-20

* Only positive results have been included. The remaining compounds were below the laboratory Practical Quantitation Limit.

ND = Not detected.

NC = Not calculated; relative percent difference and average concentration are not calculated for sample results less
than the PQL.

Because of the large uncertainty associated with measurements made near the detection level, the acceptance
range for relative percent difference for duplicate measurements at such a low concentration is 0-100%
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Client: Olin Chemical 25-Sep-91

ABB Sample No. Spiked: 91259015

Matrix Spike/Matrix Spike Duplicate Results

Microextraclables by GC Method 504

Water Matrix

Compound

Ethylene Dibromide (EDB)
1 ,2-Dibromo-3-chloropropane (DBCP)

UniU

ug/L
ug/L

Spike

Cone.

0.200
0.200

Sample

Cone.

ND

ND

MS

Meant rod

Cone.

0.148

0.192

MSD

Measured

Cone.

NA

NA

MS

%

Recovery

74.0
96.0

MSO
%

Recovery

NA
NA

Recovery

Acceptance

Range (%)*

25-125
25-125

RPP

(*)
NA
NA

RPD

Acceptance

Range (*)*

0-50
0-50

* These limits are for advisory purposes only, and are not to be utilized as sample validation criteria.

ND = Not detected.

NA = Not applicable.



Client: Olin Chemical 26-Sep-S,,

000027

Methods, Chronology of Analysis and Method Blank Results

Volatile Analysis by GC/MS Method 524.2

Water Matrix
»

CHRONOLOGY

ABB
Sample Nos.

91259-014
9 1259-0 14MS
91259-011
91259-012
91259-013
91259-014DUP
91259-015
91259-016

Date
Received
16-Sep-91
l6-Sep-9l
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91

Date
Analyzed
20-Sep-91
20-Sep-91
20-Sep-91
20-Sep-91
20-Sep-91
21-Sep-91
21-Sep-9l
21-Sep-91

Diludoo
Factor *»

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

•.
.••

i1
>
?••
i-
?
:i'

.:•:

1

1

1

1

1

v:

g;

ABB
Sample NOT.

Date
Received

Date
Analyzed

Dilution
Factor ~

- • H

METHOD BLANK RESULTS*
Compound

Methylene chloride
Ethylbenzene
Napthalene
Hexachlorobutadiene

Cone. (ug/L)
0.1 U
0.03J
0.15J
0.05J

Only positive hits have been included. The remaining compounds were not detected.

The Dilution Factor (DF) indicates whether a sample, prepared in accordance with the analytical method protocol, was
diluted prior to analysis. The Dilution Factor could also indicate that a smaller aliquot than specified in the method
was utilized for sample preparation and analysis. For example, a dilution factor of 5 means that the sample was effectively

diluted by a factor of 5 prior to analysis, i.e., the sample was analyzed at 20% its reported concentration.



Client: Olin Chemical 26-Sep-91

OOGO^S

Methods, Chronology of Analysis and Method Blank Results

Volatile Analysis by GC/MS Method 524.2

Water Matrix

CHRONOLOGY
ABB

Sample Nos.
91259009
91259010

Date
Received
16-Sep-91
16-Sep-91

Date
Analyzed
18-Sep-91
18-Sep-91

Dilution
Factor •*•

1.0
1.0

|

*
jx

.;•
:j

?•

?;

1
ft

•j:

..'

ABB
Sample No*.

Date
Received

Date
Analyzed

Dilution
Factor ~

METHOD BLANK RESULTS*
Compound

Methylene chloride
1 ,3,5-Trimethylbenzene
sec-Butylbenzene
1 ,2,4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene

Cone. (ag/L)
0.19J
0.05J
0.05
0.14
0.15J
0.13

Only positive hits have been included. The remaining compounds were not detected.

The Dilution Factor (DF) indicates whether a sample, prepared in accordance with the analytical method protocol, was
diluted prior to analysis. The Dilution Factor could also indicate that a smaller aliquot than specified in the method
was utilized for sample preparation and analysis. For example, a dilution factor off means that the sample was effectively

diluted by a factor of 5 prior to analysis, i.e., the sample was analyzed at 20% its reported concentration.



Client: Olin Chemical 20-Sep-9l

000029

Date of Analysis:

Laboratory Fortified Blank (LFB) Results

Volatile Organics by GC/MS Method 524.2

Water Matrix

lg-Sep-91

•„..:-.•' Compound • • - . •
Dichlorodifluorome thane
Chloromethane
Vinyl Chloride
Bromomethane
Chloroethane
Trichlorofluoromethane
1 , 1 -Dichloroethene
Methylene Chloride
trans- 1 ,2-Dichloroethene
1 , 1 -Dichloroe thane
cis- 1 ,2-Dichloroethene
2,2-Dichloropropane
Chloroform
Bromochlorome thane
1,1,1 -Trichloroethane
1,2-Dichloroe thane
1 , 1 -Dichloropropene
Carbon Tetrachloride
Benzene
1 ,2-Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
cis- 1 ,3-Dichloropropene
Toluene
trans- 1 ,3-Dichloropropene
1 , 1 ,2-Trichloroethane
1 ,3-Dichloropropane
Dibromochlorome thane
Tetrachloroethene
1 ,2-Dibromoethane
Chlorobenzene
1,1,1 ,2-Tetrachloroethane
Ethylbenzene
m+p-Xylene

Unite

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
Ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
Ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

' " ' • - $j&b-:-
: Cbofc^

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.80
0.50
0.20
0.50

^>.50
0.50
0.50
0.50
0.50
0.50
0.50
1.00

:;-y;.,UBv

M««ured
-. .- Gone. • ; -

3.18
0.44
0.60
0.70
0.64
.̂82
0.68
2.82
0.62
0.63
0.59
0.83
0.68
0.50
0.76
0.46
0.71
0.71
0.66
0.54
0.71
0.45
0.59
0.82
0.64
0.14
0.42
0.46
0.53
0.75
0.35
0.55
0.59
0.60
1.25

LFB

*, "
: .Recovery:1:

636
88.0
120
140
128
164
136
564
124
126
118
166
136̂
1001
152

92.0
142
142
132
108
142

90.0
118
103
128

70.0
84.0
92.0
106
150

70.0
110
118
120
125

Recovery

Acceptance

1 R-ag*(*)
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80J20
80-120
80-120
80-120
80-120
80-120
80-120
80-120



Client: Olin Chemical 20-Sep-9l

;v ' '*' / i « s» -<- ' *s -'• •" ™
' Aiialytkal I^bor^ory Services Division

* , , ' XiA- * < ~ > ' - . < ' ••"- % - . < ! • » O00030

Date of Analysis:

Laboratory Fortified Blank (LFB) Results

Volatile Organics by GC/MS Method 524.2

Water Matrix

18-Sep-91

Compound : •

Bromoform
o-Xylene
Styrene
1 , 1 ,2,2-Tetrachloroethane
1 ,2,3-Trichloropropane
Isopropylbenzene
Bromobenzene
2-Chlorotoluene
n-Propylbenzene
4-Cblorotoluene
1 ,3 ,5-Trimethylbenzene
tert-Butylbenzene
1 ,2,4-Trimethylbenzene
sec-Butylbenzene
1 ,3-Dichlorobenzene
p-Isopropyltoluene
1 ,4-Dichlorobenzene
1 ,2-Dichlorobenzene
n-Butylbenzene
1 ,2-Dibromo-3-chloropropane
1 ,2,4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
1 ,2,3-Trichlorobenzene
2,4,4-Trimethyl- 1-pentene
2,4,4-Trimethyl-2-pentene

Unitt
ug/L
ug/L
ugA.
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug^
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Spiko

Cone.
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

LFB
Kieuured

Cone.
0.46

0.64
0.50
0.42
1.20
0.55
0.43
0.65
0.51
0.44
0.90
0.79
0.50
0.57
0.52
0.51
0.53
0.54
0.46
0.67
1.10
1.04
1.27
1.24
0.69
0.61

LFB

*
Recovery

92.0

128
100

84.0
240
110

86.0
130
102

88.0
180
158
100
114
104
102
106
108

92.0
134
220
208
254
248
138
122

Recovery
Acceptance

R«ngc(%)
80-120

80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120



Client: Olin Chemical 26-Sep-9l

000031

Date of Analysis:

Laboratory Fortified Blank (LFB) Results

Volatile Organics by GC/MS Method 524.2

Water Matrix

09-20-91

Compound' ' . . ' . '•• • •
Dichlorodifluoromethane
ChloTomethane
Vinyl Chloride
Bromomethane
Chloroe thane
Trichlorofluoromethane
1 , 1-Dichloroethene
Methylene Chloride
trans- 1 ,2-Dichloroethene
1 , 1 -Dichloroe thane
cis- 1 ,2-Dichloroethene
2,2-Dichloropropane
Chloroform
Bromochloromethane
1,1,1 -Trichloroethane
1 ,2-Dichloroethane
1 , 1-Dichloropropene
Carbon Tetrachloride
Benzene
1 ,2-Dichloropropane
Trichloroethene
Dibromome thane
Bromodichloromethane
cis- 1 ,3-Dichloropropene
Toluene
trans- 1 ,3-Dichloropropene
1 , 1 ,2-Trichloroethane
1 ,3-Dichloropropane
Dibromochloromethane
Tetrachloroethene
1 ,2-Dibromoe thane
Chlorobenzene
1,1,1 ,2-Tetrachloroethane

Uiiki
ug/L
ug/L

, ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Spit.
Cooc.

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.80
0.50
0.20
0.50
0.50
0.50
0.50
0.50
0.50
0.50

LFB
Me««ured

Cooc.
0.19
0.46
0.37
0.67
0.65
0.84
0.69
2.14
0.68
0.59
0.62
0.65
0.67
0.59
0.72
0.52
0.67
0.70
0.63
0.57
0.62
0.58
0.62
0.79
0.78
0.19
0.65
0.58
0.65
0.69
0.60
0.57
0.62

LFB

*
Recovery

38
92
74

134
130
168
138
428
136
118
124
130
134
118
144
104
134
140
126
114
124
116
124

98.75
156
95

130
116
130
138
120
114
124

Recovery

ArorfitftnrA

R«nge(%)

80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120



Client: Olin Chemical 26-Sep-91

OOOG3?

Date of Analysis:

Laboratory Fortified Blank (LFB) Results

Volatile Organics by GC/MS Method 524.2

Water Matrix

09-20-91

Compound

Ethylbenzene
m+p-Xylene
Bromoform
o-Xylene
Styrene
1 , 1 ,2,2-Tetrachloroethane
1 ,2,3-Trichloropropane
Isopropylbenzene
Bromobenzene
2-Chlorotoluene
n-Propylbenzene
4-Chlorotoluene
1 ,3,5-Trimethylbenzene
tert-Butylbenzene
1 ,2,4-Trimethylbenzene
sec-Butylbenzene
1 ,3-Dichlorobenzene
p-Isopropyltoluene
1 ,4-Dichlorobenzene
1 ,2-Dichlorobenzene
n-Butylbenzene
1 ,2-Dibromo-3-chloropropane
1 ,2,4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
1 ,2,3-Trichlorobenzene
2,4,4-Trimethyl-l pentene
2,4,4-Trimethyl-2 pentene

Unto
ug/L
ug/L
ug/L
ug/L
ug/L
"g/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Spike

Cone.

0.50

1.00

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.5
0.5

LFB
TnCASUTOu

Cooc.

0.62
1.21
0.63
0.65
0.54
0.71
1.81
0.63
0.59
0.58
0.54
0.57
0.58
0.66
0.60
0.57
0.60
0.57
0.50
0.63
0.43
0.83
0.98
2.43
0.95
1.21
0.77
0.81

LFB

*
Recovery

124
121
126
130
108
142
362
126
118
116
108
114
116
132
120
114
120
114
100
126
86

166
196
486
190
242
154
162

Recovery

Acceptance

Range (%)
80-120

|_ 80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120



Client: Olin Chemical 26-Sep-91

000033

Laboratory Fortified Sample Matrix (LFM) Results

Volatile Organics by GC/MS Method 524.2

Water Matrix

Date of Analysis: 09-20-91
ABB Sample Number Spiked: 91259-014

Compound
Dichlorodifluoromethane
Chloromethane
Vinyl Chloride
Bromomethane
Chloroe thane
Trichlorofluoromethane
1 , 1-Dichloroethene
Methylene Chloride
trans- 1 ,2-Dichloroethene
1 , 1-Dichloroethane
cis- 1 ,2-Dichloroethene
2,2-Dichloropropane
Chloroform
Bromochloromethane
1,1, l-Trichloroethane
1,2-Dichloroe thane
1 , 1 -Dichloropropeno
Carbon Tetrachloride
Benzene
1 ,2-Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
cis- 1 ,3-Dichloropropene
Toluene
trans- 1 ,3-Dichloropropene
1 , 1 ,2-Trichloroethane
1 ,3-Dichloropropane
Dibromochloromethane
Tetrachloroethene
1 ,2-Dibromoe thane
Chlorobenzene

Unit*
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Spike
Cooc.

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
3.20
2.00
0.80
2.00
2.00
2.00
2.00
2.00
2.00

Sample
nfCASUfGu

Cone.

0.54B

LFM

Measured
Cone.

1.67

1.45
3.37
3.15
3.07
3.40
2.99
4.16
3.05
2.94
2.71
2.90
3.00
3.'17
2.95
3.20
3.00
3.06
2.75
2.93
2.92
3.16
3.21
4.59
2.86
1.24
3.04
3.03
3.39
2.69
2.84
2.78

LFM

%

Recovery
83.5
72.5
169
158
154
170
150
208
153
147
136
145
150
159
148
160
150
153
138
147
146
158
161
143
143
155
152
152
170
135
142
139

Recovery

Acceptance
Range (*)~

80-120

80-120

80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120



Client: Olin Chemical 26-Sep-91

Analytical Laboratory Service DmS1on'
000034

Laboratory Fortified Sample Matrix (LFM) Results

Volatile Organics by GC/MS Method 524.2

Water Matrix

Date of Analysis: 09-20-91
ABB Sample Number Spiked: 91259-014

Compound
1,1,1 ,2-Tetrachloroethane
Ethylbenzene
m+p-Xylene
Bromoform
o-Xylene
Styrene
1 , 1 ,2,2-Tetrachloroethane
1 ,2,3-Trichloropropane
Isopropylbeozene
Bromobenzene
2-Chlorotoluene
n-Propylbenzene
4-Chlorotoluene
1 ,3 ,5-Trimethylbenzene
tert-Butylbenzene
1 ,2,4-Trimethylbenzene
sec-Butylbenzene
1 ,3-Dichlorobenzene
p-Isopropyltoluene
1 ,4-Dichlorobenzene
1 ,2-Dichlorobenzene
n-Butylbenzene
1 ,2-Dibromo-3-cbJoropropane
1 ,2,4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
1 ,2,3-Trichlorobenzene
2,4,4-Trimethyl-l-pentene
2,4,4-Trimethyl-2-pentene

Units

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Spike

Cone.
2.00
2.00
4.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00J
2.00
2.00
2.00
2.00
2.00
2.00

Sample

Meanired

Cone.

0.19

LFM
Measured

Cone.

3.13

2.50
5.95
3.39
2.88
2.32
3.24
2.68
2.84
2.63
3.16
2.46
1.88
3.06
2.85
2.78
2.74
2.36
2.55
2.13
3.33
1.97
2.20
2.21
1.51
2.81
2.83
2.59
2.53

LFM

*
Recovery

157

125
149
170
144
116
162
134
142
132
158
123
94

153
143
139
137
118
128
97

167
98.5
110
111

75.5
141
142
130
127

Recovery

Acceptance

Range (*)~

80-120

80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120
80-120

These acceptance criteria are for advisory purposes only, and are not to be utilized as sample validation
criteria.



Client: Olin Chemical 26-Sep-

f Analytical
t'. - .^u^ift'jCoiaSoi

ABB Sample No. Duplicated:

Sample Duplicate Results

Volatile Organics by GC

Water Matrix

91245014

Compound*
Methylene chloride

1 ,4-Dichlorobeozene

Units
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Sample
Cone.

O.S4B

0.19

Sample
Duplicate

Cone.
0.4SB

0.14

Average
Cone.

0.49

0.16

RPD
(*)

18.0

30.0

RPD
Acceptance
Range (%)

Only positive results have been included. The remaining compounds were below the laboratory Practical Quantitation
Limits.

000035



Client: Olin Chemical 20-Sep-9l

^^ i Report "-

Methods, Chronology of Analysis and Method Blank Results

Semivolatile Organics by GC/MS Method 625

Water Matrix

CHRONOLOGY
: • ••: ABB '-•'•

Sample Nos,
91259009
91259010
91259011

9125901 1DUP
9125901 IMS

91259012
91259013
91259014

"'•&&!'''''•;'•,
Received
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91

'• '#"** .:':•"'
Extracted
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
l7-Sep-91
17-Sep-91
17-Sep-91

Date
Analyzed
17-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91
18-Sep-91

Dilution
Factor «v

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

fe•>:•

1

,;{.
:+

.:•.
•'••

1
;!•
1
';•'

ABB
Sample No*.

91259015

• . - • • ' P«*» : V

Keceivipd
16-Sep-91

: : > V >P«M*' :;:'
'S:::"Efeted "

17-Sep-91

"": &***> "••
Analyzed
18-Sep-91

Dilutioo
Factor <^

1.0

METHOD BLANK RESULTS*
Compound Cone. (ug/L)

Only positive hits have been included. The remaining compounds were not detected.

The Dilut ion Factor (DF) indicates whether a sample, prepared in accordance with the analytical method protocol, was diluted prior to analysis.
The Dilution Factor could also indicate thai u smaller aliquot than specified in (he method was utilized for sample preparation and analysis.
Tor cxiiiuplc, a dilution factor of 5 means that the sample was effectively diluted by a factor of 5 prior to analysis, i.e., the sample was analyzed

ni 20% its reported concentration.

000036



Client: Olin Chemical 20-Sep-91

Date of Extraction:
Date of Analysis:

Laboratory Control Sample Results

Semivolatile Organics by GC/MS

Water Matrix

13-Sep-91
lg-Sep-91

' • • ' . - . • ' • • CoinpDiind ; : : * < ' . v i

Phenol

2-Chlorophenol

1 ,4-Dichlorobenzene

N-Nitroso-di-n-propylaraine

1 ,2,4-Trichlorobcnzcoe

4-Chloro-3-methylphenol

Acenaphthene

4-Nitrophenol

2 ,4-Dinitrotol ucoc

Pentachlorophenol

Pyrene

•: - :\)tti&>-i--'::

ugA

ug/1

ugA

ugA

ug/1

ug/1

ugA

ug/1

ug/1

ugA

ug/1

• *•*» :
• Co0$*:: '•'.•

200

200

100

100

100

200

100

200

100

200

100

'•i: ' V** '
M«*ured

'. ' ' -CMC. •'.

86.8

156
52.1

67.8

48.9

ISO

66.1

53.4

54.2

184

76.5

i^Oup.

M<PMU«rf \
• ••• -1 QQQQi '

73.6

149

49.7

67.9

50.5

149

64.8

44.0

58.0

156

63.3

UC5

*
Rcw»v«y

43.4

78.0

52.1

67.8

48.9

75.0

66.1

26.7

54.2

92.0

76.5

wapup.
*

Ropeway

36.8

74.5

49.7

67.9

50.5

74.5

64.8

22.0

58.0

78.0

63,3

Ropovejy
Af^pfflyipp

*•»*»<*)*
5-112

23-134

20-124

3-125

44-142

22-136

47-127

D-132

39-139

14-150

52-115

RPP

(*)
16

4.6

4.7

0.1

3.2

0.7

2.0

19

6.8

16

*19

RPP
Acceptance

R«» (*)*
0-23

0-29

0-32

0-34

0-28

0-37

0-28

0-47

0-22

042

0-18

These limits are for advisory purpose* only, and are not to be used at sample validation criteria.
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Client: Olin Chemical 20-Sep-91

ABB Sample No. Duplicated:

. -i- \ <«.^r'' "rf^" si. i n - .„Quajtty Control Report

Sample Duplicate Results

Semivolatile Orgaoics by GC/MS

Water Matrix

91259011

•• ; Compound* i j :-. ; •.... :. .... :. . •.. ' : '• ' . •; "
No compounds detected.

Unito -
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
"g/L
ug/L
ug/L
ug/L
ug/L

;̂ ;JjS«mplo:; '•:,..';•
r-'^-Conc;;' .•;,,,

Sample
Duplicate

Cone,
. . :AyfW»>;.-"- ,:

: '•; . . . . . CfPPfci..:- :•.:'!-•

;:'1RPP--..:.
(X)

W . ' • '
^ Acceptaoce :;

8*og«(%)
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20

* Only positive results have been included. The remaining compounds were not detected.

ND = Not detected.

NC = Not calculated; relative percent difference is not calculated for sample results less than the PQL

Because of the large uncertainty associated with measurements made near the detection level, the acceptance
range for relative percent difference for duplicate measurements at such a low concentration is 0-100%.
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Client: Olin Chemical 20-Sep-!

Matrix Spike/Matrix Spike Duplicate Results

Semivolatile Organics by GC/MS

Water Matrix

ABB Sample No. Spiked: 91259011

Compound

Phenol

2-Chlorophcnol

1 ,4-Dichlorobenzeae

N-NiiroM-di-n-propyUminc

1 ,2,4-Tricblorobeazeoe

4-Chloro-3-metbylphenol

AcciuphthciM

4-NitropheaoI

2,4-Dinitrotoluene

Pcfitachloropbenol

Pyrenc

Unitt

ug/1

ug/l

ug/1

ug/1

ug/1

ug/1

ug/1

ug/1

ug/1

ug/1

ug/1

Spike

CMC.V.

192
192

96.0

96.0

96.0

192
96.0

192
96.0

192
96.0

Swap!*
CMC.

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

': ' 'K*s:
MeMured

69.3

137
67.8

80.3

68.1

128
80.0

61.4

72.3

103
69.2

MSD

Mewuwd

.. Cone.

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

TkiQ0t£tlMl

famnln SniVnIMIII|«*> »(»**>

. Cooc. .-.
192
192
96
96
96

192
96

192
96

192
96

MS

». ' , . - . .
Reeovwy

36.1

71.4

70.6

83.6

70.9

66.7

83.3

32.0

75.3

53.6

72.1

MSD

..;,,'..*'; .
••• 9twmy

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Rocovwy

/VcCCfltMlCC

IUo«e(*>
12-89

27-123

36-97

41-116

39-98

23-97

46-118

10-80

24-96

9-103

26-127

RPD .

<*)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

A f*f*Mlf ftlUW

RMgS(*)

0-42

0^0
0-28

0-38

0-28

0-42

0-31

0-50

0-38

0-50

0-31
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Client: Olin Chemical 26-Sep-91

ipesvDiVisiongS
li.̂ .-̂ ^^ îteSoa .̂fe^Si

Methods, Chronology of Analysis and Method Blank Results

IVsliciilos/l'CHs l>y (JC Mclhod 509A

Soil/Solid Matrix

CHRONOLOGY
ABB

Sample Nos.
91259009
91259010
91259011
9125901 I D U T
9125901 IMS
91259012
91259013
91259014

Dale
Received
!6-Sep-9l
!6-Sep-9l
IG-Sep-91
16-Sc|)-9l
16-Sep-91
!6-Sep-91
16-Sep-91
16-Sep-91

Date
Extracted

17-Sep-9l
!7-Sep-9l
!7-Sep-9l
17 Scp 91
l7-Sep-9l
l?-Sep-91
17-Sep-91
17-Sep-91

Date
Analyzed

18-Sep-9l
18-Sep-91
l8-Sep-91
l8-Scp-9l
!8-Sep-9l
18-Sep-91
18-Sep-91
l9-Sep-91

Dilution
Factor *v

.0

.0

.0

.0

.0

.0

.0

.0

t

:i-

•.;:

ABB
Sample Nos.

91259015

Date
Received

!6-Sep-91

Date
Extracted

17-Sep-91

Date
Analyzed

18-Sep-91

Dilution
Factor ~

1.0

METHOD BLANK RESULTS*
Compound

None

.

Cone, (ug/kg)

Only positive hits have been included. The remaining compounds were below the laboratory Practical Quantitation Limits.

The Dilution Factor (DF) indicates whether a sample, prepared in accordance with the analytical method protocol, was diluted prior to analysis.
The Dilution Factor could also indicate that a smaller aliquot than specified in the method was utilized for sample preparation and analysis.
For example, a dilution factor of 5 means that the sample was effectively diluted by a factor of 5 prior to analysis, i.e., the sample was analyzed

at 20% its reported concentration.
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Client: Olin Chemical 26-Sep-91

Quality Control Report

Laboratory Control Sample Results

Pesticides/PCBs by GC

Water Matrix

Date of Extraction:

Date of Analysis:

09-17-91

09-18-91

Compound

gamma-BHC (Lindane)

Heptachlor

Aldrin

Dieldrin

Endrin

4,4'-DDT

Uniu

ug/1
ug/1
ug/1
ug/1

ug/1
ug/1

Spike

Cone.

0.2
0.2
0.2
0.5
0.5
0.5

LCS
Measured

Cope;

0.149

0.156

0.122
0.458

0.488

0.501

LCS Dup.

Measured

Cooc.

0.168

0.178
0.140
0.501

0.538

0.546

LCS

%

Recovery

74
78
61
92
98

100

LCS Dup.

*
Recovery

84
89
70

100
110
109

Recovery

• AicrfT^mit^f'

Range («)*

32-127

34-111

42-122

36-146

30-147

25-160

RPD

(*)
13.0
13.0

14.0
8.0

12.0
9.0

RPO

Acceptance

Rang*(*)»
0-23

0-20
0-21
0-38
0-37
0-36

* Thete limits are for advisory purposes only, and are not to be utilized as sample validation criteria.
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Client: Olin Chemical 26-Sep-91

y ' '"'. •" • • ::'. '••'• •.':'.. :..'::.." -:::-::':''?.'.'":•:'A':'.'nf«i'irV:': if**-"-''.':'•'••'•••' ' • 4 .-••'•'.." •"'" ''•-•'• "•'."::":•.":": •'•'•":•'.'••••'''.:•'":;.>";'" •. • .-.' .

:;;%ilî sAnalv&cMi?î Q t̂aî ^

ABB Sample No. Duplicated:

Sample Duplicate Results

Pesticides/PCBs by GC

Water Matrix

91259011

Compound* • Units
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

"Sample
•K ACooc>: : . ' • •

<

Sample
Duplicate

Cone.
<

Average
Cone.

RPD

(*)

RPD
Acceptance
Range (%)

* Only positive results have been included. The remaining compounds were below the laboratory Practical Quantitation
Limits.
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Client: Olin Chemical 26-Sep-£
i

ABB Sample No. Spiked:

VVD4iy$jtCai ^OUWf ̂ IS^^^j. j; ;,<}-« 5, -

livjiQ^gy^aWf^'''' '•

Matrix Spike/Matrix Spike Duplicate Results

Pesticide/PCBs by GC Method 608

Water Matrix

Compound

gamma-BHC (Lindane)

Hepuchlor

Aldrin

Dieldrin

Eadrin
4,4'-DDT

Unit*

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

Spike

-: Conc.::
0.2
0.2
0.2
0.5
0.5
0.5

Simple

Cone.
<

<
<
<
<

<

MS
Mewured

Cooc.

0.135
0.143
0.114
0.403

0.433

0.42

MSD
McMurad

•:--.C0ncv.:-:/.:-
NA
NA
NA
NA
NA
NA

Theoretical

Spiked Sample

Cone,

0.2
0.2
0.2
0.5
0.5
0.5

MS
%

Recovery
68.0

72.0
57.0
81.0
87.0
84.0

MSD

• • - *.: : -
Recovery

NA
NA
NA
NA
NA
NA

Recovery
Aitcmtftiuw

Range <*)
32-127
34-111

42-122

36-146

30-147

25-160

RPD

(*)
NA
NA
NA
NA
NA
NA

Acceptance

Range (X)
0-30

0-30

0-30

0-30

0-30

0-30

NA = Not applicable.



Client: Olin Chemical 26-Sep-9l

Methods, Chronology of Analysis and Method Blank Results

Herbicides by GC Method _

Water Matrix

CHRONOLOGY

509B

ABB
Sample Nos.

91259009
91259010
91259011
91259011DUP
9125901 IMS
91259012
91259013
91259014

Date
Received
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91
16-Sep-91

Date
Extracted

17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91
17-Sep-91

Date
Analyzed
23-Sep-91
23-Sep-91
24-Sep-91
24-Sep-91
24-Sep-91
24-Sep-91
24-Sep-91
24-Sep-91

Dilution
Factor ~

.0

.0

.0

.0

.0

.0

.0
1.0

f
;\

:>•
&

I

:<

.•••

V

K

ABB
Sample Nos.

91259015

Date
Received
16-Sep-91

Date
Extracted

17-Sep-91

.

Date
Analyzed
24-Sep-91

Dilution
Factor ~

1.0

METHOD BLANK RESULTS*
Compound Cone. (ug/L)

Only positive hits have been included. The remaining compounds were below the laboratory Practical QuantiUtion Limits.

The Dilution Factor (DF) indicates whether a sample, prepared in accordance with the analytical method protocol, was diluted prior to analysis.
The Dilution Factor could also indicate that a smaller aliquot than specified in the method was utilized for sample preparation and analysis.
For example, a dilution factor of 5 means that the sample was effectively diluted by a factor of 5 prior to analysis, i.e., the sample was analyzed

at 20% its reported concentration.
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Client: Olin Chemical 26-Sep-91

Column:
Date of Extraction:
Date of Analysis:

DB-608
09-17-91
09-24-91

Laboratory Control Sample Results

Herbicides by GC Method 509B

Water Matrix

Compound

2,4-D Methyl Ester
Silvex Methyl Ester

Uoki
ug/1
ug/1

Spike

Cone.

5.0
5.0

LCS
Measured

Cone.

2.14

1.81

LCS Dup.

Measured

Cone.

4.00

2.88

LCS
%

Recovery

43
80

LCS Dup.

%
Recovery

36
58

: Recovery

Acceptance

Rwge(*)»

25-125
25-125

RPD

(*)

RPD
Af<*f|tfincp

R"ge(«)*
0-50
0-50

* The«e limiu are for advisory purposes only, and are not to be utilized as sample validation criteria.
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Client: Olin Chemical 26-Sep-91

Column:
Date of Extraction:
Date of Analysis:

DB-608

ABB Sample No. Spiked: 91259011

Matrix Spike/Matrix Spike Duplicate Results

Herbicides by GC Method 509B

Water Matrix
09-17-91
09-24-91

Compound

2,4-D Methyl Ester
Silvex Methyl Ester

. •• . • • •

Unit*
ug/L
ug/L

Spike
Cone.

5.0
5.0

Sample

Gone.

<
<

MS
Matured

Cone.

4.08

3.81

MSD
Mcawied

Cone.

NA
NA

MS
%

Recovery

82.0

76.0

MSD
' : - . . . • % : • , • •

Recovery
NA
NA

'. Recovery
A.WCTrfi ttffft

R*n«e(*)*
25-125
25-125

RPD
(»)
NA
NA

RPD
Acceptance

RMgc(%)*

0-50
0-50

* These limit* are for advisory purpose* only, and are not to be utilized as sample validation criteria.

NA = Not applicable.
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Client: Olin Chemical 26-Sep-91

ABB Sample No. Duplicated:

Sample Duplicate Results

Herbicides by GC Method 509B

Water Matrix

91259011

• ' " ' • ' • • ' ' ' ' • ' . . > ' • . . • • • . '

Compound* 1 •••;"" ; Units
ug/L

ug/L

Sample
:-':;::Conc.::-" :

Sample
Duplicate

Cone:
Average;;

•• Conc.;::;- :"
RPD
(»)

RPD
Acceptance
IUn»e(%)

0-20

0-20

* Only positive results have been included. The remaining compounds were below the laboratory Practical Quantitation Limit.

ND = Not detected.

NC = Not calculated; relative percent difference and average concentration are not calculated for sample results less
than the PQL.

Because of the large uncertainty associated with measurements made near the detection level, the acceptance
range for relative percent difference for duplicate measurements at such a low concentration is 0-100%

000047



000048

ANALYSIS REQUEST FORM
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Data Received Q3- Ho-** \
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Results Due
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D Solid Waste Data File
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C] Entered in Computer
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List Any Hazards ne r̂x. K f$&\. "

DFiltered in Reid CaNon-Filtered
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n nit i no \MoJbr

Scorch

3 -
S DVM /\ tv
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C M ' F "
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K.1.0 CONTAMINANT FATE AND TRANSPORT

Facility-related chemicals have been detected in

groundwater, surface water, sediment, surface soil and subsurface soil

samples.

The potential chemical migration pathways which exist at

the Facility include:

- groundwater flow;

- surface water runoff;

- atmospheric dispersion from surface soils; and

- tracking of surface soils/sediments.

Section K.I.I presents a general description of the physical

and chemical properties of the Facility-related chemicals and the influence of

these properties on their fate and transport. The chemical migration

potential for each of the identified pathways are evaluated in Sections K.I.2

through K.I.5. Section K.1.6 presents a discussion of the probable behavior

and environmental fate of the primary chemical constituents at the Site.

K.I .1 PHYSICAL AND CHEMICAL PROPERTIES OF
FACILITY-RELATED COMPOUNDS

Contaminant mobility, a factor in contaminant migration,

depends upon the physical and chemical properties of both the contaminants

K-l



and the media in which they are identified. Properties which affect

contaminant mobility include, but are not limited to, solubility, liquid

density, vapor pressure and chemical affinity. The partitioning of chemicals

between media is controlled by a variety of factors such as absorption,

volatilization, solubility and chemical affinity.

Chemicals released to a soil medium may be adsorbed by

the soil until the adsorptive capacity of the soil is reached. Under continued

release(s) of the chemicals, the chemicals may migrate both horizontally and

vertically, expanding the area of contaminated soils as the adsorptive capacity

of the soil in the vicinity of the release is attained. Similarly, infiltration of

precipitation or release(s) of other chemicals may cause the initial chemical to

migrate at a rate primarily controlled by the adsorptive capacity of the soil and

by the solubility of the initial chemical in the transport media.

Chemicals which have migrated to the groundwater may

solubilize in the groundwater to the aqueous solubility limit of the chemical.

The solubilized chemical may migrate with the groundwater and sorb onto

adjacent soils. Under continued migration to the groundwater from the soils

above the water table, the extent of groundwater contamination may expand

as the adsorptive capacity of the soils beneath the water table in the vicinity of

the release is attained.

When chemicals migrate from soils above the water table

to the groundwater at a rate greater than the solubility capacity of the

groundwater, the migration of the excess chemicals will result in a separate

non-aqueous phase liquid (NAPL). The migration of NAPL is governed

K-2



primarily by its density. If the chemical's density is less than one, it will tend

to float on the surface of the groundwater and may migrate horizontally in

the direction of groundwater flow. If the chemical's density is greater than

one, it may tend to migrate vertically downward until a low-permeability

geologic unit is encountered, at which point the chemical may tend to

migrate horizontally in the direction of the surficial slope of the geologic unit.

The extent of chemical migration, above or below the water table, may expand

as the sorption capacity of the respective geologic unit is attained.

The physical and chemical properties of the Site-related

chemicals detected in the different media at the Site are presented in

Table K.I. The chemical properties include molecular weight, aqueous

solubility, vapor pressure, Henry's law constant, sorption coefficient and

specific density. Table K.2 presents descriptive ranges of values for chemical

and physical properties and their relation to chemical transport. Table K.2

also lists examples of Site-related chemicals which exhibit these

characteristics.

The molecular weight of a compound is useful for many

calculations including weight/volume unit conversions; molar volume

determinations and estimating Henry's law constants.

Aqueous solubility is an important factor in estimating a

chemical's fate and transport in groundwater and surface water. Compounds

with high aqueous solubilities have a tendency to desorb from soils and

sediment; are less likely to volatilize from water; and, are susceptible to

biodegradation. Compounds with a high solubility will generally enter the
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TABLE K.1

CHEMICAL PROPERTIES OF SITE-RELATED PARAMETERS
WILMINGTON FACILITY

Formula
Weight

(g/mole)

Volatile Organic Compounds

Acetone
2-Butanone
2-Hexanone
Toluene
2,4,4-Tiimethyl-l-pentene
2,4,4-Trimethyl-2-pen tene

Semi-Volatile Organic Compoundt

N-Nitrosodiphenylamine
N-Nitrosodipropylamine
Phenol
Phthalate Esters
Bis(2-ethylhexyl)Phthalate
Butyl Benzylphthalal*
Di-n-Butylphthalate
Di-n-Octylphthalate
PAHt
Indeno (l,2,3-cd)Pyrene
Benzo(b) Fluoranthene
Benzo(a) Anthracene
Benzo(a) Pyrene
Chrysene

Inorganic*

Aluminum
Ammonia
Calcium
Chloride
Chromium III
Chromium VI
Copper
Iron
Manganese
Potassium
Sodium
Sulphate
Zinc

58
72.11
100.2
92
112.2
112.2

198
130.2
94.1

391
312
278
391

276
252
228
252
228

27
17
40
53.5
52
52
63.5
55.8
55
39.1
23.0
132
65.4

Aqueous
Solubility at 2S°C

(mg/L)

l.OOE+06
2.06E+05
330E+04
5.15E+02
NA
NA

4.00E+01
9.90E+03
930E+04

2.85E-01
2.69E+00
130E+01
3.00E-01

5.30E-04
1.40E-02
9.00E-03
1.20E-03
1.80E-03

NA
530E+05
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Vapor Prwure
at 251C
(mtnHg)

2.70E+02
l.OOE+02
3.80E+00
2.81E+01
7.75E+01
7.75E+01

l.OOE-01
8.60E-02
3.50E-01

620E-06
8.60E-06
l.OOE-05
1.40E-04

1.00E-10
5.00E-07
2.20E-08
5.60E-09
6JOE-09

NA
7.60E+03
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Henry's Law
Constant at 25"C
(atm-m^lmol)

2.06E-05
4.66E-05
1.75E-03
6.66E-Q3
NA
NA

6.60E-04
1.47E-06
2.70E-07

1.10E-05
130E-06
2.82E-07
1.41E-12

6.86E-08
1.19E-05
1.10E-06
4.90E-07
1.05E-06

NA
1.60E-05
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

2.2
1.23
134.9
300
NA
NA

830-1830
129
26.9

100000
68-347
170000

980000000

1600000
550000
200000
5500000
200000

NA
3.1
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Specific
Dentity

0.7899
0.805
0.8113
03669
0.7150
0.724

1.23
0.916
1.06

0.9861
1.12

1.047
0.99

NA
NA
1.274
1.351
1.274

2.702
NA
NA
1.0
1.01
1.01
NA
NA
1.01
NA
NA
1.0
NA

References:

Montgomery, John H. and Linda M. Welkom "Groundwater Chemicals Desk Reference", Michigan, 1990.
"USEPA Superfund Public Health Evaluation Manual", October 1986, EPA/540/1-86/060.
Howard H. Philip, "Handbook of Environmental Fate and Exposure Data for Organic Chemicals, Volume II, Solvents", Michigan.



TABLE K.2

DESCRIPTIVE RANGES FOR PHYSICAL AND CHEMICAL PROPERTIES
OF SITE-RELATED CHEMICALS

WILMINGTON FACIUITY

Page 1 of 2

Property

Liquid density

Aqueous
solubility

Vapor Pressure

Partitioning
between air
and water

Description

The density of a chemical in its pure
liquid form, relative to water.

The amount of a chemical at equilibrium
that will be dissolved in pure water.

The partial pressure of a vapor at
equilibrium with the chemical in its
pure state; describes the tendency of
a chemical to evaporate.

The proportion of a chemical at
equilibrium in the vapor phase in the
space above an aqueous solution of the
chemical; describes the tendency of a
chemical to transfer between air and
water.

Units

D(g/cm3)

Descriptive Ranges

<1 — less dense than water

> 1 — more dense than water

high — soluble in watermg/L

low ~ insoluble in water

Vp(mmHg) high -- volatile

low - nonvolatile

Henry's law
constant, H
(atm m^/mol)

<10~7 - nonvolatile

10'7 to 10"5 - low
volatility

Examples of
Site Contaminants

acetone, 2-hexanone,
2-butanone
N-Nitrosodipropylamine
2,4,4-Trimethylpentene

BBP, chrysene, phenol,
PAHs

acetone, ammonia, toluene
N-Nitrosodipropylamine
2-butanone, 2-hexanone,
phenol

BEHP, PAHs

VOCs

SVOCs

indeno(l,2,3-cd) pyrene

phthalates
benzo (b) fluoranthene
benzo (a) anthracene
benzo (a) pyrene, chrysene
phenol



TABLE K.2

DESCRIPTIVE RANGES FOR PHYSICAL AND CHEMICAL PROPERTIES
OF SITE-RELATED CHEMICALS

WILMINGTON FACILHTY

Page 2 of 2

Property Description Units

Partitioning
between
organic
matter and
water

The proportion of a chemical at
equilibrium sorbed to organic material
in a water-soil or water-sediment system;
more strongly sorbed chemicals tend to
be less mobile

Descriptive Ranges

10'5 to ID"3 - moderate
volatility

- high volatility

0 to 50 ~ very high mobility

50 to 100 - high mobility

100 to 500 - moderate mobility

500 to 2,000 - low mobility

Examples of
Site Contaminants

acetone
N-Nitrosodiphenylamine
2-butanone, 2-hexanone

toluene

acetone, ammonia
2-Butanone, Phenol

toluene, 2-hexanone
N-Nitrosodipropylamine

N-Nitrosodiphenylamine

2,000 to 20,000 -
slight mobility

BBP

>20,000 - immobile Di-n-octyl phthalate,
benzo(a) pyrene
benzo (b) fluoranthene
benzo (a) anthracene
chrysene
indeno (1,2,3-cd) pyrene
BEHP
DBF
DOP



groundwater more readily than relatively less soluble compounds. Aqueous

solubility is affected by temperature, pH and other dissolved constituents.

Site-related volatile organic compounds have aqueous solubilities ranging

from 515 mg/L Toluene to 1.00 x 10^ mg/L for Acetone. Semi-volatile organic

compounds detected at the Site have relatively low solubilities ranging from

0.00053 mg/L to 40.0 mg/L.

The sorption coefficient (Koc) indicates the tendency of a

compound to partition between particles containing organic carbon and

water. The sorption coefficient is inversely related to aqueous solubility such

that a compound that binds strongly to organic carbon will have a low

solubility. Compounds that adsorb onto organic materials in an aquifer are

retarded in their movement in groundwater such that the compound

migrates at a linear velocity less than the groundwater flow velocity.

Generally, volatile organic compounds have relatively

low KOC values ranging from 2.2 (Acetone) to 300 (Toluene). Semi-volatile

compounds generally have a much higher adsorption capacity with KOC

values ranging from 68 (butyl benzylphthalate) to 9.8 x 108

(di-n-octy Iphthalate).

The specific density of a compound is equivalent to the

density of the substance relative to the density of water. Hydrophobic (low

aqueous solubility) compounds with a specific density greater than one will

generally tend to sink through the water table as dense non-aqueous phase

liquids. Hydrophobic compounds with a specific density less than one will

generally tend to float on the water table. Hydrophilic compounds (high
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aqueous solubility) behave differently. Acetone, for example, with a specific

density of 0.790 does not float on water because it is highly soluble in water.

Therefore, the solubility of a substance must be considered in conjunction

with the specific density of a compound.

The vapor pressure of a compound provides a

semi-quantitative rate at which volatilization will occur from soil and/or

water to the atmosphere and/or soil gas. Generally, the Site-related volatile

organic compounds have relatively high vapor pressures ranging from

28.1 mm Hg (Toluene) to 270 mm Hg (Acetone). The Site-related

semi-volatile organic compounds generally have low vapor pressures and a

low potential for volatilization with values ranging from 1.00 x 10~10 mm Hg

(indeno(l,2,3-cd)pyrene) to 0.1 mm Hg (N-Nitrosodiphenylamine).

Henry's law constants provide an indication of the

relative volatility of a compound (see Table K.2) and its tendency to evaporate

from water. Henry's law constants are greatest for volatile organic

compounds detected at the Site, all of which are greater than

10~5 atm m^/mol. Site-related semi-volatile organic compounds generally

have lower Henry's law constant values.

K.I .2 CHEMICAL MIGRATION VIA GROUNDWATER FLOW

The analytical results for groundwater samples collected

from the Site monitoring wells indicate that chemical migration is occurring

via the overburden groundwater flow system. Site-related chemicals have
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been detected in the overburden groundwater at locations downgradient of

the former acid pits/lagoons/Lake Poly area.

K.1.3 CHEMICAL MIGRATION VIA SURFACE WATER RUNOFF

Chemical migration by surface water runoff is primarily

restricted to chemicals present in surficial soils and sediments in drainage

ditches. Seepage of groundwater to the ground surface, as identified

immediately west of the Facility, can also contribute chemicals for potential

transport via surface water runoff. Migration may occur by physical transport

of the soils or by dissolution.

K.1.4 CHEMICAL MIGRATION VIA ATMOSPHERIC DISPERSION

Atmospheric dispersion of chemicals at the Site is

primarily restricted to chemicals present in surficial soils. The chemicals may

be released to the atmosphere by volatilization and/or by atmospheric

entrainment of chemicals adsorbed onto particulate matter. Once released,

the chemicals may be transported by the wind. Chemicals in the atmosphere

may be broken down by photochemical reaction with hydroxyl radicals, direct

photolysis or may be returned to the surface by gravitational settling or

scavenging by rainfall.
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K.1.5 CHEMICAL MIGRATION VIA INADVERTENT TRACKING

Tracking of chemicals at the Site could potentially be

caused by workers or wildlife walking across surface soils containing

Site-related chemicals or by vehicular traffic through the Site. As the areas

with elevated chemical concentrations in the surface soils are relatively

limited, this potential migration route is considered to be insignificant.

K.1.6 ENVIRONMENTAL FATE

The basic physical and chemical properties of all detected

Site-related organic constituents are presented in Table K.I.

The probable behavior and environmental fate of all

constituents can be assessed to some extent by evaluating the physical and

chemical properties of the constituent. The mobility and persistence of these

constituents are of primary importance in this evaluation. Mobility is the

potential for a chemical to migrate away from the Site. Persistence is a

measure of how long a chemical will remain in the environment. Factors

that affect the mobility and persistence of Site-related constituents include,

but are not limited to:

1) physical properties,

2) chemical properties,

3) moisture levels,

4) microbial environment,
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5) water chemistry, and

6) pH.

The water solubility is the maximum concentration of a

compound that can dissolve in water at a specific temperature and pH.

Compounds with high solubilities generally exhibit increased mobility.

Vapor pressure and Henry's Law Constants provide an

indication of the volatility of a compound. High vapor pressures and Henry's

constants indicate a greater tendency for a compound to volatilize.

Compounds with high Henry's constants and high vapor pressures generally

do not persist in surface water or surface soil environments.

The organic carbon partitioning coefficient (Koc) indicates

the tendency of a compound to be adsorbed to organic matter in soils or

sediments. High KQC values generally indicate lower mobility.

The general degree to which these chemical properties

affect the environmental fate of Site-related constituents is summarized in

Table K.2.

The chemical fate and transport of the significant

Site-related parameters are discussed in the following subsections. The

Site-related parameters have been grouped into the following categories to

facilitate the discussion:
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1. Volatile Organic Compounds

Acetone
2-Butanone
2-Hexanone
Toluene
2,4,4-Trimethyl-l-Pentene
2,4,4-Trimethyl-2-Pentene

2. Semi-Volatile Organic Compounds

N-Nitrosodiphenylamine
N-Nitrosodipropylamine
Phenol

Phthalate Esters
Bis(2-ethylhexyl) phthalate
Butyl Benzylphthalate
Di-n-Butylphthalate
Di-n-Octylphthalate

Polycyclic Aromatic Hydrocarbons (PAHs)
Benzo(b) Fluoranthene
Benzo(a) Anthracene
Benzo(a) Pyrene
Chrysene
Indeno (1,2,3-cd) Pyrene
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3. Inorganics

Aluminum
Ammonia
Calcium
Chloride
Chromium III
Chromium VI
Iron
Copper
Manganese
Potassium
Sodium
Sulphate
Zinc

The physical description and primary uses of the primary

Site-related compounds are presented in Table K.3.

The chemical fate and transport of the primary

Site-related compounds are summarized in Table K.4.

K.l.6.1 Volatile Organic Compounds

K.l.6.1.1 Acetone

The chemical fate and transport mechanisms for Acetone

is characterized by a high vapor pressure of 270 mm Hg and a high Henry's
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TABLE KJ Page lot:,

CHEMICAL IDENTITY OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY

Chemical Group

CAS
Rtgittry
Number Formula Phytical Description Primary Use*

Volatile Organic Compoundi

Acetone 67-64-1
2-Bulanone 78-93-3
2-Hexanone 591-78-6
Toluene 108-88-3

2,4,4-Trimethyl-l-p«ntene 107-39-1

2,4,4-Trimethyl-2-pentene 107-40-4

QHgO
C6Hi20

C6H6-CH3

C8H]6

Colorless, volatile liquid with a sweet fragrant odor.
Colorless liquid with a sweet mint-like odour
Colorless liquid
Colorless, water-white liquid with odor.

Colorless liquid

Colorless liquid

Paint, varnish and lacquer solvent.
Solvent for coatings industry
Solvent and denaturant
Solvent for paints and coatings, aviation
fuel, gas exhaust.
Organic synthesis, motor fuel synthesis,
particularly isooctane, peroxide reactions
Organic Synthesis

Semi-VoUtilt Organic Compound*

N-Nltrosodiphenylamine 86-30-6
N-Nitrosodipropylamine 621-64-7
Phenol 108-95-2

Phthalate Ester*
Bis(2-ethylhexyl) Phthalate 117-81-7
Butyl Benzylphthalate 85-68-7
Di-n-Butylphthalate . 84-74-2

Di-n-Octylphthalate 117-84-0
PAHs
Indeno(U,3-cd)Pyrene 193-39-5
Benzo(b) Fluoranthene 205-99-2
Benzo(a) Anthracene 56-55-3

Benzo(a) Pyrene 50-32-8
Chrysene 218-01-9

Cl2HioN20
C6H14N20

C6H60

C24H3804
C19H2004
C16H2204

C24H3804

C22H12
C20H12

C20H12
C18H12

Green platy or dark blue crystals.
yellow to gold colored liquid
White crystals or light pink liquid which slowly
turns brown on exposure to air. Sweet tarry odor.

Colorless, oily liquid with a very faint odor.
dear, oily liquid.
Colorless, oily liquid with mild aromatic odor.

dear, viscous liquid with slight odor.

Solid.
Solid.
Colorless leaflets or plates with a greenish-yellow
fluorescence.
Odorless, yellow crystals.
Orthorhomblc plates exhibiting strong fluorescence
under ultraviolet light.

Rubber processing.
Research Chemical
Used in resins, adhesives, iron and
steel, aluminum, leather and rubber
industries.

Plasticizer; in vacuum pumps.
Plastidzer for PVC.
Plasticizer, insect repellant, organic
synthesis.
Plastidzer for PVC.

Derived from coal gasification.
Research chemical.

Research chemical.
Research chemical.

Organic Synthesis.



TABLE 1C3 Page 2 of:

CHEMICAL IDENTITY OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY

Chemical Group

CAS
Registry
Number formula Physical Description Primary Uses

Inorganics

Aluminum
Ammonia
Calcium

Chloride
Chromium HI
Chromium VI
Copper
Iron
Manganese
Potassium
Sodium
Sulphate
Zinc

7429-90-5
7664-41-7
7440-70-2

7440-50-8
7439-89-6
7439-96-5
7440-09-7
7440-23-5

7440-66-6

Al
NH3

Ca

a-
Cr
Cr
Cu
Fe
Mn
K

Na
S04

2-
Zn

Tin white, with bluish tint
Colorless, gas at room temperature
moderately soft, silver-white
crystalline metal

Steel gray, solid
Steel gray, solid
Distinctive reddish color, ductile
Silver-white malleable metal
Silver in color, solid
soft, silvery metal
Soft, silvery white solid

Shiny white metal with bluish-gray luster



TABLE IC4

CHEMICAL FATE AND TRANSPORT OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY

Page 1 of 5

Chemical Group Compound Air Soil Surface Water Groundwater

Volatile Organic
Compound)

Acetone

2-BuUnone

2-Hexanone

Toluene

2,4,4-Trlmethyl-l-pentene
2,4,4-Trimethyl-2-pentene

• acetone will
photocbemically react with
hydroxyl radical*
(half-life 22 days)
- direct phototytii

- volatalize rapidly from
soil or water
- once in air, will primarily
exist In the vapor phase
- will undergo photolytli
and photochemical reaction*
with hydroxyl radical*
(half-life 23 day*)

- subject to direct photolysis
(half-life IS hour*)
- reacts with hydroxyl
radicals
(half life 16 to 17 hour*)

- primarily vapor phase
- photochemical reaction
with hydroxyl radical*
(half-life 13 hours)
- no direct photolyil*
- scavenged by rainfall

- primarily vapor phase

- volatilize and leach into
the ground and probably
biodegrade (VP-270 mm Hg)
- evidence suggest*
biodegradatlon is fairly
rapid
- does not adsorb
appreciably to soil (Koc=Z2)

- volatilize rapidly from
soil or water
- will leach to groundwater
due to low adsorption
tendencies (Koc • 1-23)

removal from soil via direct
photolysis, volatilization
or aerobic biodegradadon
- low adsorption tendencies
and leaches to groundwater

135)

- rapid volatilization to
atmosphere (HC »
2.06 x 10"5 atm*m3/mol)

- moderate to high mobility

- rapid volatilization to
atmosphere and vadose zone
(VP-28.1 mmHg)
- moderate adsorption
(Koc-300) and leaches to
groundwater
- rapid biodegradatlon

- rapid volatilization
to atmosphere
(HC - 4.7E - 05 atm*m3/mol)

- moderate to high mobility

- moderate to high mobility- rapid volatilization
to atmosphere
(HC - 1.75E-03
abn»m3/mol)
(half-life 15 - 33 hours)

- rapid volatilization to - moderate to high mobility
atmosphere - rapid biodegradation
(HC-6.66 x 10'3atm •m3/mol)
(half-life 5 to 6 hours)
- rapid biodegradation
- sediment adsorption and
bloconcentration are
Insignificant

- no available data to - no available data to predict
predict fate and transport in fate and transport in surface
soil water

Semi-Volatile Organic
Compounds

N-Nitrosodlphenylamlne - primarily In vapor phase
- adsorbs sunlight,
suggesting direct photolysis
In a sunlit environment
- react with hydroxyl
radicals (half-life 7 hours)

- low mobility in soil
- leaching to groundwater is
not significant
(Koc-830 to 1830)
- rapid biodegradation

- volatilization will be slow
but significant
(HC»6.6x 10-4atm»m3/mol)
- rapid biodegradatlon

- low mobility



TABLE K.4

CHEMICAL FATE AND TRANSPORT OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY

Page 2 of 5

Oumical Croup Compound Air Soil Surfact Water Groundwatir

Semi-VoUUle Organic
Compounds Cont'd.

N-Nitrosodlpropylamine

Phenol

Phttulate Esters Bls(2-ethylhexyl)
phthalate

Dl-n-Butylphthalate

- rapidly degraded by
photolysis and
photochemical reaction
with hydroxyl radicals

- primarily In vapor phase
- slow volatilization from
soils and/or water

- primarily adsorbed to
participate matter
- transported long distance*
by particulate dispersion
- scavenged by rainfall

- primarily adsorbed to
particulate matter
- gravitational settling and
scavenged by rainfall
- vapor phase
di-n-butylphthalate will
photochemically react with
hydroxyl radicals
(half-life 18 hours)

- high water solubility and
lowKocOCoc-129)
- leaching to groundwater
can potentially be
significant
- low adsorption capacity
- rapid blodegradation
(half-life 2 - 5 days)
- degradation rates will be
much slower under anaerobic
conditions than aerobic
conditions
- low adsorption tendencies
and leaches to groundwater
(Koc-27)

- volatilization to
atmosphere and vadoee zone
Is Insignificant

- very strong tendency for
soil adsorption (Kocxt x 10s)
- leaching to groundwater is
not significant
- some blodegradation In soil
may occur

- volatilization to
atmosphere and vadose zone
is insignificant
(VP-1.0xl<r5minHg)
- very strong tendency of soil
adsorption (Koc-1.7 x 10s)
- leaching to groundwater is
not significant
- slow blodegradation

- moderate mobility

• high mobility

- rapid photolysis
- photolysis half-life is
approximately 2.5 hours

- rapid biodegradab'on under
aerobic conditions
- evaporation, hydrolysis,
adsorption to sediment or
bloconcentration In aquatic
organisms are not significant
removal process

- volatilization to atmosphere - insignificant mobility In
Is insignificant groundwater
(HC-1.1 x 10-5stm.m3/mol) - blodegradation may occur
- rapid blodegradation in but is Insignificant under
surface waters (half-life 2 to 3 anaerobic conditions
weeks)
- significant sediment
adsorption
- bioconcentration In aquatic
organisms is significant

- volatilization to atmosphere
is Insignificant
(HC>2.82 x 10-7atm.m3/mol)
- rapid blodegradation
(half-life 2 to 17 days)
- moderate adsorption to
sediment
- slight aquatic
bloconcentration offset by its
rapid metabolism

- low mobility
- transport may be due to
formation of water soluble
complex with fluvial acid
- fate In groundwater is
unknown although
blodegradation may occur
anaerobically



TABLE K.4

CHEMICAL FATE AND TRANSPORT OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY

Page 3 of 5

Cktmical Croup Compound Soil Surfact Wattr Groundwatir

Phthalate Esters Confd. Butyl Benzyl Phthalate
- volatilization to
atmosphere Is not significant
(half-life 1 to 5 days)

- volatilization will not be
significant
(VP=B.6xlO-«mmHg))
- blotlc degradation will not
be significant
- biodegradatlon Is
significant
- expected to adsorb and not
to leach extensively
(Kov-68.347)

- volatilization will not be
significant
(HC«130x10* atm«m3/mol)
- rapid biodegradation
(half-life 2 days)

- biodegradation may occur
anaerobically

Polycyclle Aromatic
Hydrocarbons (PAHs)

- Benzo(a) anthracene
- Benzo(a) pyrene
- Benzo(b) fluoranthene
-Chrysene
- Indeno (1,2,3-cd) pyrene

- present in the gaseous
phase or sorbed to
participates
- can undergo photochemical
oxidation with th«
formation of nitrated PAHs,
phenols and other compounds
- atmospheric half-lives are
generally less thin 30 days

- Koc values range from 10^
to 106 which Indicates very
strong tendencies to be
adsorbed to sediments or
soils
- evidence suggests microbial
degradation Is fairly rapid
in contrast to photolysis and
volatilization
- half-life reported for
benzo(a)pyrene in soil Is 420
to 480 days

- tend to be removed from the
water column by
volatilization, adsorption to
particulates or sediments,
bkxiegradation or
btoaccumulation into aquatic
organisms
- limited volatilization from
water (HC - ranges from KT5

to 10-8)
- adsorb strongly onto
suspended parbculates

- low mobility

Inorganics Aluminum - atmospheric
transformations are not
expected k> occur during
transport
- does not degrade In air

- Aluminum Is found In the
soil complexed with other
electron rich speck* such as
fluoride, sulfate, and
phosphate
- absorption of aluminum out
of day surfaces affects
aluminum mobility in soil
- decreasing pH results in an
increase In mobility of
aluminum
- does not degrade

- concentrations of dissolved
aluminum in water vary
with pH levels and the
humic derived add content
of the water
- absorbs to suspended solids
In surface water
- no biodegradation



TABLE K.4

CHEMICAL FATE AND TRANSPORT OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY

Page 4 of 5

Chimicel Croup

Inorganics Cont'd.

Compound

Ammonia

Air

- removal from air by rain or
snow washout Is dominant
fate process
- absorption by surface water
- half-life estimated to be a
few days

Soil

- adsorption occurs In most
moist or dry soils
- some volatilization to the
atmosphere
(VP=7600 mm Hg)
- nitrification by mlcrobial
activity
- taken up by plants and
other organisms

Surface Water

- volatilizes to the
atmosphere
- volatilization will
increase with increasing pH
and temperature
- adsorbs to sediment and
suspended organic material
(Kov=3.1)

Groundwattr

Caldum - governs the soluble stage
of trace elements In soil

Chromium

Copper

- primarily removed from
the atmosphere by fallout
and precipitation
- chromium particles may
remain airborne for long
periods of time
- may be transported long
distances

- released In the form of
particulate matter or
adsorbed to particulates
- removed by gravitational
settling, dry deposition,
washout by rain, and
rainout (scrubbing action
below clouds)
- removal rate and distance
travelled from the source
will depend on source
characteristics, particle size
and wind velocity

- may be transported to
atmosphere in the form of
aerosol
- runoff and leaching may
transport chromium from soil
to surface waters and
ground waters
- half-life of chromium in
soils may be several years

- strongly adsorb and
remains in the upper few
centimeters of soil
- adsorption of copper to
soil is influenced by pH,
organic matter and Ionic
strength of the soil

- behaviour In general is
governed by the
availability of the more
soluble caldum-contalnlng
solids and by solution and
gas-phase equilibria that
involve carbon dioxide
spedes, or by the
availability of sulphur In
the form of sulphate

- volatilization to
atmosphere is insignificant
- most Chromium III will
precipitate in sediment!
- most Chromium IV will be
present In soluble form

- present In natural waters to
Cu(H)
- complexed or tightly bound
to organic matter
- subject to sedimentation
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CHEMICAL FATE AND TRANSPORT OF PRIMARY SITE-RELATED COMPOUNDS
WILMINGTON FACILITY
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Cktmicfl Group

Inorganics Cont'd. '

Compound

Iron

Air

• released In the form of
particular nutter or
adsorbed to parttculate
matter

Soil

- oxidizing and alkaline
conditions promote the
precipitation of F« where**
add and reducing conditions
promote the solution of the
compound}
- often complexes with
organic ligands

Surface Water

- chemical behaviour and
solubility in water depend
strongly on the oxidation
Intensity In the system and
pH

Groundwattr

Manganese

Manganese

Potassium

- manganese containing
particles are mainly
removed from the
atmosphere by gravitational
settling
- the half-life of airborne
particles Is usually on the
order of days

- exist In air as suspended
participate matter
- removed by gravitational
settling, dry deposition,
washout by rain and rainout

- adsorption to soil depends
on pH and EH, and the
organic composition of the
soil

- adsorption to soils and
sediments is influenced by
the organic composition and
the carbon exchange
capacity of the soil

- essential element for both
plants and animals
- liberated with greater
difficulty from silicate-
minerals and exhibits a
strong tendency to be
reincorporated into solid
weathering products,
especially certain dry
minerals

- solubility is a factor of the
specific chemical form
present pH of surface water
will affect solubility
- binds to suspended
particles and sediments
- subject to mlcroblal
activity

- solubility is controlled or
affected by the pH, Eh
(oxidation - reduction
potential) and the
characteristics of available
amins.



law constant of 2.06 x 10'5 atm«m3/mol. As indicated by these values,

Acetone will volatilize rapidly from soil, surface water and groundwater.

In the atmosphere, Acetone will be lost by photolysis and

reaction with photochemically produced hydroxyl radicals. Half-life estimates

from these combined processes is 22 days. Being miscible in water, wash out

by rain should be an important removal process.

Soil adsorption is relatively low for Acetone as indicated

by a low KQC value of 2.2. Thus, groundwater leaching is a major transport

process for Acetone. Sediment adsorption and aquatic bioconcentration is

negligible for Acetone.

K.l.6.1.2 Toluene

Toluene has a relatively high vapor pressure of

28.1 mg Hg and a relatively high Henry's law constant of

6.66 x 10~3 atnvnvVmol. Volatilization of Toluene from surface soil, surface

water and groundwater to the atmosphere is the primary transport

mechanism for this compound. Under typical conditions, the rate of

volatilization from the surface soil to air is within 24 hours. Depending on

whether the water is static or turbulent, the rate of volatilization for surface

water is 1 to 16 days or 5 to 6 hours, respectively.

In the atmosphere, Toluene exists primarily in the vapor

phase and will undergo photochemical reactions with hydroxyl radicals, with
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a half-life of approximately 13 hours. Toluene is not subjected to direct

photolysis. It is generally persistent in the atmosphere due to the high

emission rate associated with vehicular traffic.

In groundwater, the rate of Toluene transport is

dependent on the degree of adsorption to soil. Toluene has a relatively low

KOC value of 300 which indicates that Toluene will be moderately adsorbed to

soils rich in organic matter, but will readily leached from soils with low

organic content.

Biodegradation of Toluene is rapid in soil and also in

shallow groundwater.

The principle fate mechanisms for Toluene is rapid

volatilization from surface soils and biodegradation in subsurface soil and

groundwater.

K.l.6.1.3 2-Butanone

2-Butanone or Methyl Ethyl Ketone is produced

commercially for use as a solvent especially in the coatings industry. Natural

sources include volcanos, forest fires, by-product of biodegradation and it is a

natural component of food.
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Environmental Fate

Due to its high vapour pressure of 100 mm Hg at 25°C,

volatilization from soil or water will be rapid. Once in the air, it will exist

primarily in the gas phase. Predominant removal processes include

photolysis and photochemical reactions with hydroxyl radicals (half-life

2.3 days).

2-Butanone is highly soluble in water but once released to

water, volatilization into the atmosphere is expected to be rapid as indicated

by its high vapour pressure and moderate Henry's Law Constant. The

estimated half-lives in rivers and lakes is 3 and 12 days, respectively.

Biodegradation is slow in both fresh and salt water. Hydrolysis,

photo-oxidation, adsorption to sediments and bioconcentration are not

significant removal processes.

If 2-Butanone is released to soils, it will partially evaporate

into the atmosphere from near-surface soil and may leach into groundwater.

Based on its low estimated KOC value of 1.23, 2-Butanone will be expected to

exhibit very high mobility in soil and thus, may leach to the groundwater.

K.l.6.1.4 2-Hexanone

2-Hexanone or Methyl Isobutyl Ketone is commercially

produced for use as a solvent and denaturant with a wide variety of

applications in a large number of industries. Such industries include rare
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metal extractors and manufacturers of coatings (i.e. lacquers, varnishes,

paints), pharmaceuticals, pesticides, rubber processing chemicals, and

adhesives.

Environmental Fate

In the air, 2-Hexanone will be subject to direct photolysis

(half-life 15 hours) and reaction with hydroxyl radicals (half-life 16 to

17 hours). In photochemical smog conditions, 2-Hexanone may also react

with nitrogen oxides.

Based on its high Henry's Law Constant value of

1.75 x 10~3 atm«m^/mol, the primary removal mechanism from water is

expected to be volatilization (half-life 15 to 33 hours). 2-Hexanone is not

expected to undergo chemical oxidation or hydrolysis, bioaccumulate in

aquatic organisms or adsorb significantly to suspended solids or sediments in

water.

If released to soil, 2-Hexanone may be removed by direct

photolysis on soil surfaces, volatilization or aerobic biodegradation. The low

estimated KOC value of 135 indicates that 2-Hexanone would be highly mobile

in soils and would not adsorb significantly to soils or sediments.
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K.l.6.1.5 2.4.4-Trimethylpentene

Two isomers of 2,4,4-Trimethylpentene, namely

2,4,4-Trimethyl-l-Pentene and 2,4x4-Trimethyl-2-Pentene which are colorless

liquids, were reported on Site. Known uses of both compounds include

organic synthesis, with 2,4,4-Trimethyl-l-Pentene utilized in the production

of motor fuel particularly isooctane.

The atmospheric fate and transport mechanisms for the

two isomers of 2,4,4-Trimethylpentene 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.

K.I.6.2 Semi-volatile Organic Compounds

K.l.6.2.1 N-Nitrosodiphenylamine

N-Nitrosodiphenylamine has been produced

commercially in the United States since 1945. It was primarily used as a
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vulcanization retardant in the rubber-processing industry and as an

intermediate in the manufacture of p-nitrosodiphenylamine. Retardants are

chemicals that prevent premature vulcanization of rubber compounds

during certain rubber-processing steps such as mixing and calendering.

Evidence also suggests the production of N-Nitrosodiphenylamine by

microorganisms in the environment.

Environmental Fate

N-Nitrosodiphenylamine has a vapor pressure of

0.1 mm Hg at 25° C and thus, it should exist almost entirely in the vapor

phase in the atmosphere. In air, the main degradation pathways include

photodecomposition as well as chemical reactions with hydroxyl radicals in

the atmosphere.

Solubility in water is 40 mg/L. Volatilization and

microbial degradation are two major environmental fate processes in water.

Volatilization from water will be slow but should be a significant transport

process as indicated by its Henry's Law Constant of 6.6 x 10~4 atm«m3/mol. A

biodegradability test was conducted on N-Nitrosodiphenylamine at levels of 5

and 10 ppm, and using domestic waste water as the microbial inoculum.

After a 7-day period, 87% degradation was achieved in the original inoculum

of 5 ppm and 47% degradation was achieved in the original inoculum of 10

ppm. After the second 7-day period, 100% degradation was achieved in the

original culture of 5 ppm and 63% degradation was achieved in the original

culture of 10 ppm. This demonstrated that N-Nitrosodiphenylamine was

degradable (1).
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The (log Kow) logarithm of n-octanol/water coefficient for

N-Nitrosodiphenylamine was estimated to range from 2.57 to 3.13, indicating

a low potential for bioaccumulation. A continuous 14-day exposure study of

bluegill sunfish with a mean water concentration of 9.21 ppb resulted in an

experimental bioconcentration factor of 217 for N-Nitrosodiphenylamine.

The half-life of N-Nitrosodiphenylamine in fish was found to be less than

1 day when the fish were placed in a pollutant-free environment after the

exposure period. The relatively low experimental bioconcentration potential

and short half-life of N-Nitrosodiphenylamine indicated that

biomagnification in the aquatic food chain was not a major environmental

fate process.

The soil sorption coefficient (Koc) for

N-Nitrosodiphenylamine was estimated to range from 830 to 1830 which is

indicative of low mobility in soil or sediment. Thus, significant leaching is

not expected to occur in most types of soils and/or sediments. The major

degradation pathway for N-Nitrosodiphenylamine in soil is microbial

degradation.

K.l.6.2.2 N-Nitrosodipropylamine

N-Nitrosodipropylamine is not produced commercially

and it is solely used as a research chemical.

K-17



The atmospheric fate and transport mechanisms for

N-nitrosodipropylamine is characterized by a low estimated vapor pressure of

0.086 mm Hg at 20C and a Henry's Law Constant of 1.47E-06 atm*m3/mol at

20°C. These values are indicative of low volatility from soil, surface water

and groundwater.

In the atmosphere, N-Nitrosodipropylamine vapor would

be rapidly degraded by photolysis arid photochemical reaction with hydroxyl

radicals.

The predominant removal process form water for

N-Nitrosodipropylamine is photolysis and microbial degradation. In lake

surface water, photolytic half-life for N-Nitrosodipropylamine is

approximately 2.5 hours with N-propylamine as a major by-product.

Without sunlight, microbial degradation, although expected to be a slow

process, is the primary removal pathway.

As indicated by an estimated KOC value of 129 and a high

water solubility of 9.894 mg/L, soil adsorption is relatively low. Thus,

groundwater leaching is a major transport process for

N-Nitrosodipropylamine.

K.l.6.2.3 Phenols

Phenol is commercially produced in large quantities due

to its wide range of applications in resins, adhesives, iron and steel,
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Aluminum, leather and rubber industries. It is also found in cigarette smoke

and vehicular exhaust as well as disinfectants and medicinal products.

Natural sources include animal wastes and as decomposition product of

organic wastes.

Environmental Fate

Volatilization is not expected to be rapid for Phenol due to

its low vapour pressure and Henry's Law Constant. However, if Phenol is

released into the atmosphere, it will exist predominantly in the vapor phase.

Predominant removal process is photodegradation and photochemical

reaction with hydroxyl radicals (half-life 0.61 days).

If Phenol is released to water, the primary removal

process will be biodegradation which will generally be rapid under aerobic

conditions in comparison to anaerobic conditions. Acclimation of resident

microorganisms is rapid under aerobic conditions and may take a few weeks

under anaerobic conditions. Evaporation, hydrolysis, adsorption to sediment

or bioconcentration in aquatic organisms are not significant removal

processes for Phenol.

Based on the reported and estimated KOc value of 27,

Phenol will be expected to exhibit high to very high mobility in soil, antl

therefore, may leach to groundwater. Biodegradation of Phenol in soil will be

rapid (2 to 5 days) and will also occur in the subsurface soils. Degradation

rates will be much slower under anaerobic conditions than under aerobic

conditions.
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K.l.6.2.4 Phthalate Esters

The phthalate esters are used in virtually every major

product such as construction, automotive, household products, apparels, toys

and medical products. This results in wide occurrence of phthalate esters in

the environment. Phthalate esters are used as plasticizers for polvinyl and

cellulosic resins, primarily in polyvinyl chloride (PVC). The most commonly

produced plasticizers are bis(2-ethylhexyl) phthalate (BEHP), di-n-butyl

phthalate (DBF), di-n-octyl phthalate (OOP) and butyl benzyl phthalate (BBP).

The physical and chemical constants for phthalate esters are summarized in

Table K.I.

Because of its high efficiency and stability, BEHP has been

used in large quantities as a plasticizer for polyvinyl chloride (PVC) and other

polymers. As a result of its common use, BEHP may be found in common

goods such as upholstery material, hospital sheeting, shower curtains, food

packaging materials and various plastic products used daily by the general

public. Pursuant to the banning of PCBs in dielectric fluids for transformers

and capacitors, BEHP was selected by many manufacturers as the preferred

material for dielectric fluids. BEHP is currently still used in the transformer

and capacitor industry.
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Environmental Fate

Atmospheric levels of phthalate esters are caused by

volatilization during the manufacture and waste disposal of plastic products.

Phthalate esters have high boiling points ranging from 230°C to 386°C and

low vapor pressures ranging from 1.4 x 10"4 to 6.2 x 10~8 mm Hg at 25°C. This

indicates a strong affinity to adhere to atmospheric particulate matter

especially organic matter and soot. A significant removal process from the

atmosphere is by rain washout. Direct photolysis and photoxidation are

atmospheric processes that might occur but to a very limited extent.

In the presence of a direct pollution source, the extent of

contamination in water systems by phthalate esters is influenced by the

compound's water solubility. The water solubility for phthalate esters ranges

from a minimum value of 285 ppb to a maximum value of 13000 ppb

(13 ppm). Table K.I presents the solubilities of diesters in water compiled

from a number of sources. As expected, the length of alkyl side chains affect

water solubilities of phthalate esters. Due to the larger alkyl side chains of

BEHP its water solubility is considerably lower than the shorter alkyl-side

chain phthalates such as DBF. Therefore, the apparently low water solubility

will limit the amount of BEHP entering this media and BEHP will generally

exhibit decreased mobility in aqueous system as demonstrated in previous

sections.

Biodegradarion in aquatic systems is quite rapid with a

half-life of 2-3 weeks following a period of acclimation.
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Primary removal of phthalate esters from water systems is

through adsorption to suspended matter and sediments as indicated by the

high organic carbon partitioning coefficient (Koc)- The KQC values for

phthalate esters range from 68 to 980,000,000. As discussed earlier, a high KQC

generally indicates an increased likelihood for the chemical to bind to soil or

sediment rather than to remain in water. Thus, phthalate esters have

significantly high KOC values which is indicative of lower mobility.

The Henry's Law constants for phthalate esters range from

1.1 x 10"5 to 1.41 x 10~12 atm«m3/mol. This is indicative of the extent of

chemical partitioning between air and water at equilibrium. Due to the low

Henry's Law Constants for phthalate esters, its volatilization to the

atmosphere from water is likely to be negligible. This is true even under

conditions, such as aeration, conducive to contaminant evaporation. For

BEHP, evaporation and hydrolysis are not significant aquatic processes.

The phthalate esters, including BEHP, have a strong

affinity for soil solids, including organic, humic fraction of soil. Both the

mineral and organic fraction of solid soil particles tend to bind BEHP and

other phthalates.

Degradation of phthalates in soil is mediated by a wide

variety of microorganisms capable of metabolizing phthalates to simpler

molecules. Several microorganisms including the saprophytic bacterium

Serratia, Penicillium lilacinuns and Enterobacter erogenous, have been

shown to degrade BEHP. Serratia can use the compound as a sole source of

carbon and energy.
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The rates of degradation, appear to increase with

decreasing alkyl chain length. Biodegradability of BEHP is less biodegradable

than short (less than 6 carbons) carbon-chain length phthalate esters but more

biodegradable than several other long-carbon chain phthalates

(i.e. >7 carbons). Microbial transformation of phthalate esters undoubtedly

accounts for the major part of their biodegradation in the environment.

Phthalates are biodefgraded in water, sludge and soil under aerobic conditions.

The degradation of BEHP in soil occurs under aerobic conditions, but only

slowly, if at all under anaerobic conditions. Studies with ^C-carbonyl-labeled

BEHP in aerobic freshwater hydrosoil yielded a degradation half-life of

approximately 14 days.

"Phthalate esters are being broken down continually in

the environment. Thus, current environmental levels must reflect an

equilibrium between amounts released in the environment and those

removed. However, the amounts in any environmental compartment for

example silt, lakes, air and so forth, must represent varying levels of

equilibria as the phthalate concentrations normalize. In aquatic

environments, dialkyl phthalates have been shown to exist in the fatty

surface layer of water and it seems likely that this renders them more liable to

environmental degradation as many aquatic plants and animals live in this

energy-rich zone. However at high concentrations, phthalates may still be

degraded and furthermore degradation maybe complete."

K-23



Presence as a Laboratory Contaminant

BEHP is a common laboratory contaminant. Many studies

have shown commercial organic solvents to be contaminated with BEHP.

Various investigators have noted the general contamination of laboratory

supplies, solvents, and reagents with BEHP to the extent that the detection

limit for BEHP in investigative samples is determined by the

reagent-iaboratory blank.

Due to ambient conditions within the laboratory setting,

BEHP contamination of investigative samples is a common occurrence.

Based on this fact, BEHP concentrations determined in investigative samples

must be carefully scrutinized for validation purposes. If BEHP is detected in

an investigative sample and a laboratory blank, the concentration in the

investigative sample must exceed the concentration found within the blank

by a factor of 10 to be considered present (i.e. multiply concentration found in

laboratory blank sample by 10 to determine detection limit for investigative

sample).

K.l.6.2.5 Polycyclic Aromatic Hydrocarbons (PAHs)

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of

chemicals formed during the incomplete combustion of virtually all forms of

organic materials. The combustion of fuels in cars and in furnaces produces

PAHs. Waste incinerators produce PAHs. Natural sources include volcanoes,

forest fires, crude oil and shale oil. PAHs can also be found in substances such
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as crude oil, coal tar pitch, creosote, road and roofing tar. A major source of

exposure for humans is cigarette smoking, both active and passive.

Therefore, PAHs are ubiquitous in the environment and the increasing levels

found in the environment parallel industrial and urban development. Note

the impact of urban sources (furnace fuels and vehicle exhaust, for example)

on the PAH levels in surface soils as presented in Table K.5.

Chemical Identity

The following PAHs are considered as a group in this

review of the chemical and physical properties of PAHs.

• benzo(a)anthracene • chrysene

• benzo(a)pyrene • indeno(l,2,3-cd)pyrene

• benzo(b)fluoranthene

•

Tables K.I to K.3 summarize the physical and chemical

properties of the above listed chemicals.

As pure chemicals, PAHs generally exist as colorless,

white or pale yellow-green solids. Most PAHs do not occur alone in the

environment, rather they are found as mixtures of two or more PAHs. The

PAHs listed above are not commercially produced in the U.S. nor are there

any known uses for them except as research chemical.
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TABLE K.5

BACKGROUND SOIL CONCENTRATIONS OF
POLYCYCLIC AROMATIC HYDROCARBONS (PAHs)

Concentration (ng/kg)
Compound

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)nuoranthene
Benzo(e)pyrene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Fluoranthene
Fluorene
Indeno (l,2,3-cd)pyrene
Phenanthrene
Pyrene

Rural Soil

1.7

5-20
2-1,300
20-30

10-70
10-110
38.3

0.3-40

10-15
30

1-19.7

Agricultural Soil

6
5

11-13
56-110
4.6-900
58-220
53-130

66
58-250
78-120
120-210

9.7
63-100
48-140
99-150

Urban Soil

169-59,000
165-220

15,000-62,000
60-14,000
900-47,000
300-26,000

251-640
200-166,000

8,000-61,000

145-147,000

Sources:
LARC (1973)
White and Vanderslice (1980)
Windsor and Hites (1979)
Edwards (1983)
Butler etal. (1984)
Vogtetal.(1987)
Jones et al. (1987)



Environmental Fate

Some of the transport and partitioning characteristics of

the PAHs are roughly correlated to their molecular weights. The Site-related

PAHs are considered high molecular weight compounds ranging from

228 g/mol to 278 g/mol.

In air, PAHs are present in the gaseous phase or sorbed to

particulates. The atmospheric residence time and transport distance depend

on the size of the particles to which PAHs are adsorbed. That is, the larger the

particulate size, the shorter the residence time and transport distance. PAHs

can undergo photochemical oxidation with the formation of nitrated PAHs,

Phenols, and other compounds. Atmospheric half lives are generally less

than 30 days.

PAH compounds tend to be removed from the water

column by volatilization to the atmosphere, adsorption to particulates or

sediments, biodegradation or bioaccumulation into aquatic organisms. The

high molecular weight PAHs have Henry's Law Constants in the range of

10'5 to 10'8 (refer to Table K.I) which indicates very limited volatilization

from water. Half-lives for volatilization of benzo(a)anthracene and

benzo(a)pyrene (high molecular weight PAHs) from water have been

estimated to be greater than 100 hours.

High molecular weight PAHs have KOc values that range

from 10^ to 10^ which indicates strong tendencies to adsorb to organic carbon.

Due to their low water solubilities, PAHs are primarily found adsorbed to
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sediments or soils. Adsorption of PAHs is a function of organic carbon

content and particle size. The environmental fate of PAHs is described by

USEPA in the document "Ambient Water Quality Criteria for Polynuclear

Aromatic Hydrocarbons" which states:

"PAH will adsorb strongly onto suspended particulates and biota and

their (PAH) transport will be determined largely by the hydrogeologic

condition of the aquatic system. PAH dissolved in the water column

will probably undergo direct photolysis at a rapid rate. The ultimate

fate of those which accumulate in the sediment is believed to be

biodegradation and biotransformation by benthic organisms (USEPA,

1979).

This is restated in the USEPA document "Health Effects

Assessment for Polycyclic Aromatic Hydrocarbons (PAHs)" which states:

"The predominant mechanism that is likely to dictate the fate of most

PAHs in aquatic media is sorption to particulate matter and subsequent

sedimentation and microbial degradation."

Since PAHs are most likely to stay in the sediment or soil,

microbial degradation is the most likely ultimate environmental fate in

contrast to photolysis and volatilization. Compounds with four cyclic rings

or less are most amenable to microbial degradation. Benzo(a)pyrene (five

cyclic rings) has a half life in soil inoculated with bacteria of less than eight

days. The half-life reported for benzo(a)pyrene in soil reported in Superfund
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Public Health Evaluation Manual (SPHEM, 1986) is 420 to 480 days but there is

no reference to the microbial content in the soil.

K.I.6.3 Inorganics

The final group of Site-related constituents includes a

variety of inorganics which are typified by the following metals:

• Aluminum (Al)

• Ammonia (NHs)

• Calcium (Ca)

• Chloride (Cl~)

• Chromium m (Cr III)

• Chromium VI (Cr VI)

• Copper (Cu)

• Iron (Fe)

• Manganese (Mn)

• Potassium (K)

• Sodium (Na)

• Sulphate (SO42")

• Zinc (Zn)

The following sections will present a literature review of

the properties of these metals. The goals of this review will be to determine

and evaluate the properties of these metals in the environment that are

important in determining the environmental fate.
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K.l.6.3.1 Aluminum (AD

The largest source of particle-borne Aluminum is the flux

of dust from ores and rock materials in the earth's surface. The sources of

this dust are both natural processes, such as weathering of aluminosilicate

crystal material and human activity, such as mining and agriculture.

Aluminum has only one oxidation state (+3). Because of its reactivity,

Aluminum is not found as a free metal in nature. It is found in the

atmosphere mainly as aluminosilicates associated with particulate matter.

However, because Aluminum can exist in only one oxidation state in the

environment, atmospheric transformations are not expected to occur during

transport. Aluminum is found in the soil complexed with other

electron-rich species such as fluoride, sulphate, and phosphate. Soil

characteristics which effect Aluminum mobility are pH and organic content.

When pH of soil is decreased, possibly due to acid rain, Aluminum becomes

more soluble. Aluminum will adsorb to organic matter in soils and therefore

reduce mobility.

K.l. 6.3.2 Ammonia

Ammonia is a naturally-occurring compound which is a

key intermediate in the nitrogen cycle. The commercial synthesis of

Ammonia is thought to contribute less than 5% to the total global Ammonia

budget. Because of its significance in natural cycles, Ammonia has a
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background concentration in most environmental media. When Ammonia

is found at a local concentration that is higher than these background levels,

it is usually a result of man's influence. In determining the environmental

fate of Ammonia, several factors should be considered. Ammonia is the

most abundant basic gas in the environment. An acid-base reaction between

water and Ammonia occurs, such that the dominant form of Ammonia in

water at environmentally significant pHs, is the Ammonium ion (NH4+).

Ammonia is a key intermediate in the nitrogen cycle which is tied to the

other important biological cycles (i.e. sulfur cycle or carbon cycle).

Ammonia may be released to the atmosphere by

volatilization from the following sources:

• decaying organic matter;

• animal livestock excreta;

• fertilization of soil;

• venting of gas, leaks, or spills during commercial synthesis, production, or

transportation;

• sewage or wastewater effluent;

• burning of coal, wood, and other natural products; and

• volcanic eruptions.

Ammonia may be released to water through the

following:

• effluent from sewage treatment plants;

• effluent from industrial processes;
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• runoff from fertilized fields; and

• runoff from areas of concentrated livestock.

Ammonia may be released to soils by:

• natural or synthetic fertilizer application;

• a result of livestock excrement;

• decay of organic material from dead plants and animals; and

• the natural fixation of atmospheric nitrogen.

In the atmosphere, Ammonia can be removed by rain or

snow washout. This seems to be the dominant fate process. Ammonia can

also be removed from the atmosphere through the direct adsorption by

surface waters in areas where local atmospheric concentration is high. The

reaction with acidic substances, such as H2SO4, HQ or HNO3; produced in

high concentrations from anthropogenic activity produces Ammonium

aerosols which can undergo dry or wet deposition. The gas phase reaction of

Ammonia with photochemically produced hydroxyl radicals is thought to

contribute about 10% to the overall atmospheric removal process. The best

estimate of the atmospheric half-life of Ammonia is a few days.

In soil, Ammonia may either volatilize to the

atmosphere, adsorb to soil, or undergo microbial transformation to nitrate or

nitrate anions. Uptake by plants can also be a significant fate process.

Adsorption of Ammonia occurs in most moist or dry soils, and Ammonia is

predominantly, but not exclusively, held as the Ammonium ion. Generally
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adsorption will increase with increasing organic content of the soil, and will

decrease with increasing pH.

In water, Ammonia volatilizes to the atmosphere. This

process is highly pH-dependent, and can also depend on other factors such as

temperature and wind speed, and atmospheric concentrations. Adsorption of

Ammonia to sediment and suspended organic matter can be important under

proper conditions. Adsorption to sediment should increase with increasing

organic content, increased metal ion content, and decreasing pH. Ammonia

in water can be removed by the microbial processes of nitrification and

denitrification which would produce ionic nitrogen compounds, and from

these, elemental nitrogen. The ionic nitrogen compounds formed from the

aerobic processes of nitrification, NOi' and NOy, can then leach through the

sediment or be taken up by aquatic plants or other organisms.

K.l.6.3.3 Calcium (Ca)

Calcium is the most abundant of the alkaline-earth metals

and is a major constituent of many rock minerals. It is an essential element

for plant and animal life forms and is a major component of the solutes in

most natural waters. Calcium has only one oxidation state, Ca2+. Its

behaviour in natural aqueous system is generally governed by the availability

of the more soluble calcium-containing solids and by solution and gas-phase

equilibria that involve carbon dioxide species, or by the availability of sulphur

in the form of sulphate.
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The usual dissolved form of calcium can be simply

represented as the Ca2+. In natural waters, the most common complexes of

calcium are with hydroxide and carbonate ions. The pH of the surface water

will directly affect which complexes are most dominant. Equilibria involving

carbonates are a major factor in limiting the solubility of calcium in most

natural waters.

Solutions of most soils contain an excess of Ca2+, which

in many soils constitutes more than 90 percent of the total cation

concentration. Ca2+ is, therefore, the most important cation in governing the

soluble stage of trace elements in soils. The transport of dissolved elements

such as calcium may take place through the soil solution (diffusion) and also

with the moving soil solution (mass flow, leaching).

K.l.6.3.4 Chloride and Sulphate

Chlorides and sulphates are commonly present in soil and

sediment. They are negligible compounds in soil that developed in a humid

climate, but in soils of arid climatic zones they can be the dominant controls

of the behavior of trace elements. Sulphates of heavy metals are also readily

available to plants, and their occurrence in soils has practical importance in

agriculture. Chlorides as the most soluble salts occur only in soils of arid or

semi-arid climatic zones.

Once in the water, chloride ions do not significantly enter

into oxidation or reduction reactions, form any important solute complexes
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with other ions unless chloride concentration is extremely high, do not form

salts of low solubility, are not significantly adsorbed on mineral surfaces and

play few vital biochemical roles. Chloride ions moved with the water

through most soils tested with less retardation or loss. Chloride forms ion

pairs or complex ions with some of the cations present in natural waters, but

these complexes are not strong enough to be of significance in water

chemistry.

K.l.6.3.5 Chromium (Cr)

Chromium (Cr) is a naturally occurring element found in

continental crust, volcanic dust and gases. Chromium metal is a steel-gray

solid and is primarily used in the steel and metallurgical industries.

Chromium is also used in the following industries:

*

• refractory brick,

• metal finishing,

• manufacture of pigments,

• leather tanning,

• wood treatment, and

• water treatment

Society's use of this metal causes larger amounts of chromium to be emitted

into the environment than from natural processes.
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Chemical Identity

The physical and chemical properties of chromium are

presented in Table K.l. Chromium has an atomic weight of 51.9% g/mole.

Chromium and its salts have various solubilities in water.

Environmental Fate

Chromium occurs naturally in the Earth's crust but the

majority of chromium which exists in the environment is a direct result of

human activity. Chromium is released to the environment as follows:

Chromium (III) Chromium (VI)
61% 32%

• coal/oil combustion • chemical manufacture

• steel production • plating

• metal production

Chromium is removed from the atmosphere by fallout

and precipitation. There are no known chromium compounds that can

volatilize from water and thus transport of chromium from the water to the

atmosphere is minimal.

Most of the chromium (III) is expected to precipitate in

sediments. Limited amounts of Cr (III) remains in solution as soluble

complexes. Cr (VI) may be transported over a significant distance but will

eventually be reduced to Cr (III) by the organic matter in the water. The
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residence time of chromium in lakewater is estimated to be between 4.6 and

18 years.

In soil, chromium will usually exist as Cr2O3.nH2O since

the organic matter in the soil will convert soluble chromate to insoluble

Cr2O3.

Speciation

In natural waters, at a neutral pH, chromium can exist in

the aqueous phase at levels up to 500 ppb before Cr(OH)3(s) begins to

precipitate.

K.1.6.3.6 Copper (Cu)

Copper and its compounds are naturally present in the

earth's crust, primarily found as sulphides and oxides. Metallic Copper is

prepared by smelting and electrolytic refining.

Copper is released to the atmosphere in the form of

particulate matter or adsorbed to particulate matter. It is removed by

gravitational settling (bulk deposition), dry deposition (inertial impaction

characterized by a deposition velocity), washout by rain (attachment to

droplets within clouds), and rainout (scrubbing action below clouds). The

removal rate and distance travelled from the source will depend on source

characteristics, particle size, and wind velocity. Gravitational settling governs
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the removal of large particles (>5 |im), whereas smaller particles are removed

by the other forms of dry and wet deposition.

In natural waters, Copper is predominantly in its Cu(II)

state. Most of it is complexed or tightly bound to organic matter; little is

present in the free (hydrated) or readily exchangeable form. The chemical

conditions in most natural waters are such that, even at relatively high

copper concentrations, these processes will reduce the free [Cu(II)]

concentrations to extremely low values. Sediment is an important sink and

reservoir for copper.

Most copper deposited in soil from the atmosphere,

agricultural use, solid waste and sludge disposal will be strongly adsorbed and

remain in the upper few centimeters of soil. Sandy soils with low pH have

the greatest potential for leaching. In most temperate soil, the pH, organic

matter, and ionic strength of the soil solutions are the key factors affecting

adsorption.

K.l.6.3.7 Iron (Fe)

Iron (Fe) is widely distributed in the earth's crust and is a

major component of the core. Most ores are complex oxides, which are

reduced in a blast furnace. Iron, or more precisely its carbon alloy, steel, is the

backbone of modern civilization, with total production exceeding that of all

other metals combined.
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Iron compounds, both ferrous (+2) and ferric (+3) have

generally low solutibilities in water. The major exceptions are the halides

and nitrates. The chemical behaviour of iron and its solubility in water

depend strongly on the oxidation intensity in the system in which it occurs;

pH is a strong influence as well.

In soils, the general rules governing the mobilization and

fixation of Fe are that oxidizing and alkaline conditions promote the

precipitation of Fe, whereas acid and reducing conditions promote the

solution of Fe compounds. The released Fe readily precipitates as oxides and

hydroxides, but it substitutes for Mg and Al in other minerals and often

complexes with organic ligands. The content of soluble Fe in soils is

extremely low in comparison with the total Fe content. The soluble Fe level

reaches a minimum in the alkaline pH range and a maximum in very acidic

soils. When soils are waterlogged, the reduction of Fe3+ to Fe2+ takes place

and is reflected in an increase in Fe solubility

K.l.6.3.8 Manganese (Mn)

Manganese is an abundant element comprising about

0.1% of the earth's crust. Above-average exposures to manganese are most

likely to occur in or near a factory or a waste site that releases significant

amounts of manganese dust into the air. Manganese is also released into the

air by combustion of leaded gasoline.
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Manganese may exist in air as suspended particulate

matter and are mainly removed from the atmosphere by gravitational

settling. Removal by washout mechanisms such as rain may also occur, but is

less important in removing manganese from the atmosphere than dry

deposition.

The tendency of soluble manganese compounds to adsorb

to soils and sediments depends mainly on the carbon exchange capacity and

the organic composition of the soil. Soil adsorption contents for Mn(+2) span

five orders of magnitude, ranging from 0.2 to 10,000 mL/g, increasing as a

function of the organic content and the ion exchange capacity of the soil.

Thus, adsorption may be highly variable.

The chemical fate and transport of manganese in water is

controlled by the solubility of the specific chemical form present, which in

turn is determined by pH, Eh (oxidation-reduction potential), and the

characteristics of available anions. The metal may exist in water in any of

four oxidation states (2+, 3+, 4+ or 7+). Divalent manganese (Mn+2)

predominates in most waters with pH of 4 to 7, but may become oxidized at

pH greater than 8 or 9. The principal anion associated with Mn(+2) in water

is usually carbonate (CC>3"2), and the concentration of manganese is limited by

the relatively low solubility (65 mg/L) of MnCC>3. Manganese is often

transported in rivers as suspended sediments.
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K. 1.6.3.9 Potassium (K)

The crustal abundance of Potassium (K) is 2.59 percent.

Potassium metal is used in organic syntheses. Several compounds have

medicinal uses. KC1 is used in fertilizer and plant nutrients, pharmaceuticals,

photography, and spectroscopy and as a salt substitute, laboratory reagent,

buffer, and food additive.

Potassium is known to behave differently than Sodium in

natural systems. Sodium tends to remain in solution rather persistently once

it has been liberated from silicate-numeral structures. Potassium, on the

other hand, is liberated with greater difficulty from silicate-minerals and

exhibits a strong tendency to be reincorporated into solid weathering

products, especially certain clay minerals.

Potassium is an essential element for both plants and

animals. Maintenance of optimum soil fertility entails providing a supply of

available Potassium. The element is present in plant material and is lost

from agricultural soil by crop harvesting and removal as well as by leaching

and runoff acting on organic residues.

Potassium ions assimilated by plants become available for

re-solution when the plants mature and die, or when leaves and other parts

are shed at the end of the growing season. In the natural recycling that occurs

in forests and grasslands; this Potassium is leached into the soil by rains

during the dormant season or made available by the gradual decay of the

organic material.
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K.l.6.3.10 Sodium (Na)

In the United States, soda ash (technical grade Na2Cos) is

the major Sodium compound produced. Natural soda ash is produced by

electrolysis of sea water or lake brines. Sodium compounds are among the

highest tonnage industrial chemicals. Major industrial uses of Sodium

compounds include manufacturing Sodium glasses and detergents, bleaching

pulp, paper, and textiles; and treating water. Sodium is the most familiar

alkali metal, it is soft at ordinary temperatures and so reactive with water and

oxygen it is stored under oxygen-free liquids such as kerosene. Practically all

of its compounds are water soluble. Generally, the chemistry of the anion

dominates the chemical behaviour and industrial use.

When Sodium has been brought into solution, it tends to

remain in that status. There are no important precipitation reactions that can

maintain low Sodium concentrations in water, in the way that carbonate

precipitation controls calcium concentrations. Sodium is retained by

adsorption on mineral surfaces, especially by minerals having high cation

capacities such as days.

K.l.6.3.11 Zinc (Zn)

Zinc is widely distributed in nature, consisting of

0.027 percent (by weight) of the earth's crust (Merck 1983), but it is usually not

K-41



found free in nature. The primary sources of Zinc in the environment are

related to metallurgic wastes from smelter and refining operations. Releases

to surface and groundwater are probably the greatest source of ambient Zinc.

Zinc is not volatilized to any significant extent, but is primarily deposited on

sediments as a result of discharge from industrial operations and weathering

processes.

Zinc is released to the atmosphere as dust and fumes from

Zinc production facilities. Total releases of Zinc to air account for only a

small portion of the total environmental release. Volatilization does not

appear to be an important process for Zinc. No estimate for the atmospheric

lifetime of Zinc is available at this time. Atmospheric emissions of Zinc,

consisting primarily of Zinc sorbed to submicron particulate matter and the

oxide of Zinc are expected to be short-lived, due to surface deposition

(EPA 1980).

In aquatic environments, sorption of Zinc is its dominant

fate. Zinc partitions to sediments or suspended solids in surface waters

through sorption onto hydrous iron and manganese oxides, clay minerals

and organic material.

Zinc is likely to be strongly sorbed in soil. The mobility of

Zinc in soil depends on the solubility of the speciated forms of the compound

and on soil properties such as sorption potential, pH and salinity. No

information specifically related to transformation and degradation in soil was

identified in the available literature; however, chemical speciation of Zinc in

soil is probably affected by the same factors affecting its fate in water.
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