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1.0 INTRODUCTION

Philip Services Corporation (PSC) has conducted a Remedial Investigation (RI) pursuant to the
Resource Conservation and Recovery Act (RCRA) and the Model Toxics Control Act (MTCA)
at its Georgetown Facility (facility) located at 734 South Lucile Street, Seattle, Washington. In
August 2001, PSC completed a Draft Comprehensive RCRA Facility Investigation Report (Draft
RFI), which included a Draft Human Health and Ecological Risk Assessment (Draft HHERA).
In response to comments on that document from the US Environmental Protection Agency
(EPA) and the Washington State Department of Ecology (Ecology), PSC has conducted
numerous field activities to address data gaps identified in the Draft RFI and Draft HHERA. The

field activities included:

Installation of 56 new monitoring wells,

» Quarterly sampling of more than 70 wells, along with two additional sampling events at

selected permanent monitoring wells,

» Installation and sampling of 33 direct push groundwater reconnaissance borings,

« Multi-media sampling of more than 10 locations for the indoor air pathway,

« Tidal studies, and

o Slug testing.
The property at 734 South Lucile Street was a permitted RCRA hazardous waste treatment,
storage, or disposal facility (hereby referred to as “facility””) under 40 CFR 260-299 until
December 2002, when the facility stopped accepting waste. On August 15, 2003, the Ecology

approved PSC’s July 2003 certification of RCRA above-ground closure for the facility.

However, PSC is still responsible for subsurface closure per Section VII, Corrective Actions, of
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the facility’s operating permit. A comprehensive description of the facility’s former operations is

provided in Section 2.0.

The Hazardous and Solid Waste Amendments (HSWA) to RCRA require both interim status and
RCRA Part B permitted TSD facility operators to implement corrective action for releases of
hazardous waste or hazardous constituents from Solid Waste Management Units (SWMUs) at
their facilities.! The corrective action program at the facility began in 1988, when the EPA
issued a 3008(h) order for correcfive action (EPA, 1988) to the facility while it had interim
status. In August 1991, the“facility received a RCRA Part B operating permit (EPA, 1991),
which included requirements for a corrective action program. Part VII of the facility’s current
RCRA Part B permit contains the specific requirements for corrective action at the facility
(Ecology, 2002). The US EPA Region 10 office enforced the corrective action requirements of
the permit until March 11, 2002, when the facility was transferred to Ecology’s Hazardous Waste
and Toxics Cleanup Program. Ecology has authority for the RCRA Corrective Action program in
Washington and is using the State of Washington’s MTCA statute and the dangerous waste
regulations as the primary enforcement regulations for meeting RCRA corrective action

requirements.2

In 1988, PSC conducted initial RI activities at the facility under the 3008(h) order and
subsequently under the RCRA Part B permit.'The scope of the RI work is described in the
current RCRA permit (Ecology, 2002). This Comprehensive RI report presents the results of the
RI activities performed under the permit, and includes the RI Report (Part I), a Human Health

and Ecological Risk Assessment (Part II), the revised Public Participation Plan (Part II), and a

' Section 3008(h) of RCRA requires corrective action at interim status TSD facilities; Section 3004(u) and (v)
require corrective action at fully permitted TSD facilities, as well as beyond the boundary of the facility.

2 "On November 4, 1994, the Washington State Department of Ecology received final authorization from the US
Environmental Protection Agency, Region 10 to implement the state corrective action program in lieu of the federal
corrective action program. The state corrective action rules and regulations authorized by the Agency include:
Chapter 70.105 RCW (Hazardous Waste Management); Chapter 173-303 WAC (Dangerous Waste Regulations);
Chapter 70.105D RCW (Model Toxics Control Act); and Chapter 173-340 WAC (The Model Toxics Control Act
Cleanup Regulation). These rules and regulations meet the requirements of Section 3004(u) and (v) of RCRA
(Section 206 of HSWA), 42 USC Section 6924(u), and regulations codified at 40 CFR 264.101 such that these
regulations are no less stringent than applicable Federal requirements.
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Feasibility Study (FS) Scope of Work Technical Memorandum (Part IV)..Upon approval of this
RIL, PSC will proceed to the next phase of the corrective action process, the FS, which will
evaluate the practicable options for the final remedy. Ecology will determine the final remedy
and, following appropriate public participation and comment, a Cleanup Action Plan (CAP) will

be prepared for the facility.

1.1 Facility Location and Description

The facility is located at 734 South Lucile Street, Seattle, King County, Washington in the
Georgetown neighborhood of south Seattle, as shown in Figure 1-1. In the Public Land Survey
System, the facility is located in the SW'4, of the NE, of Section 20, T.24.N, R.4.E. This
location is approximately 47° 33 N. Latitude, 122° 19’ W, Longitude.

Land use in the vicinity of the facility is mixed residential, commercial, and industrial. Figure
1-2 shows the zoned land use in the immediate vicinity of the facility. The facility is bordered
on the east and north by Union Pacific Railroad property and rail lines. The Preservative Paint
Company operates a facility to the east of the rail lines across Airport Way South. The
“Bertholdi Building, ” which is used as office space, is located to the southeast of the facility, on
the southeast corner of Airport Way South and Lucile Street. Western Trailer Repair Inc. is
located south of the facility across South Lucile Street. Immediately to the west of the southern
part of PSC’s facility is Stone-Drew/Ashe & Jones, Inc, a plumbing supply warehouse, which is
owned by SAD Properties LLC (SAD). PSC owns the adjacent property west of the North Field
formerly owned by The Amalgamated Sugar Company (also known as White Satin Sugar, but
herein referred to as TASCO).> Directly northwest of the North Field, to the northwest of the
Amalgamated Sugar property, is the property owned by Aronson Investment Company
(Aronson), which is leased as a warehouse with office space. Three residences are located
southwest of the facility on the west side of Denver Avenue South. These properties are
identified in Figure 1-3. Several commercial and industrial businesses are located to the
southwest or downgradient (as groundwater flows) from the facility. These businesses have had

known releases or the potential for releases, or conducted environmental cleanup activities

* At this time, the building on the Amalgamated Sugar property is vacant. PSC is using the property to install an
interim measure, as described in Section 2.0.
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resulting from the use and/or storage of hazardous materials or hazardous waste on their

properties. These businesses are identified and described in Appendix 1A.

The former facility plan, presented in Figure 1-4, shows all the former operating units described
in the Part B permit. The primary operating units at the facility were the process containment
building, main warehouse, container check-in area (West Field), drum storage area, railroad
loading area, a second container storage area and the processing area. The process containment
building was used for paint can ctushing, processing of aerosol containers and processing of
household hazardous waste. The warehouse was used for container storage. The West Field was
used for container check-in. The North Field was used for drum storage with a railroad car
loading and unloading pad along the northern edge of the property. Another container storage
area was located in the South Field. The processing area, located to the east of the warehouse,
consisted of an above-ground storage tank system. During operation, the entire perimeter of the

facility was secured by an eight-foot chainlink fence topped with barbed wire.

PSC completed closure of the operating units at the facility in 2003 in accordance with
applicable RCRA and state requirements and requirements under the Toxics Substances Control
Act. PSC currently conducts no waste operations at the facility although corrective action
activities continue at the site.  All former facility buildings, including the process containment
building and large warehouse with office space, have been decontaminated and will be
demolished by the end of 2003. The property is completely paved with concrete or asphalt.4
Figure 1-5 shows the existing facility includes structures or equipment associated with two on-

site interim measures, as described in Section 2.0.

1.2 Objectives of Remedial Investigation Report

The objectives of this report include summarizing and interpreting the data collected during
investigations conducted at the facility under Part VII of the Part B permit, defining the nature
and extent of surface and subsurface contamination that originated on the facility property, and

describing the risks associated with that contamination. The requirements for this report are

* The entire site is “capped” by concrete, except in areas where the hydraulic control interim measure barrier wall is
installed and asphalt will be used to patch the trenched area.
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outlined in Section VII.A.3. and Section VII.A.4. of the Part B permit (Ecology, 2002) and
MTCA (Ecology, 2001), and are provided below.

RI report requirements:

Discuss the finding and conclusions of the investigations performed to characterize the

nature and extent of hazardous constituents in soil, soil gas, groundwater, and air
Explain the subsurface stratigraphy and hydrogeologic parameters

Provide results of a groundwater beneficial use analysis

Describe the groundwater point of compliance

Identify the preliminary cleanup levels and objectives

Determine whether the Environmental Indicators for protecting current human receptors
from unacceptable exposures, and for stopping the downgradient movement of
contaminated groundwater, have been met

Provide the results of quality assurance activities and a data usability analysis
Prepare a revised Public Participation Plan

Submit a quantitative Human Health and Ecological Risk Assessment that assesses
current and future exposure pathways and develops risk based cleanup levels and

proposed points of compliance

Prepare an FS Scope of Work Technical Memorandum proposing the focus and format of

the FS based on predictions of future groundwater movement, the risks to receptors
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potentially exposed to the contaminated media, and considering the post-implementation

of interim measures and final remedial action alternatives
This information is provided in the following sections of the report, which include:

Section 2 — Facility History

Section 3 — Physical Description and Setting

Section 4 — Description of Inves‘tigative Activities

Section 5 — Data Quality and Usability Assessment

Section 6 ~ Groundwater Beneficial Use and Point of Compliance

Section 7 — Sources Areas and Chemicals of Potential Concern

Section 8 — Nature and Extent of Impacted Soil

Section 9 — Nature and Extent of Impacted Groundwater

Section 10 — Description of Soil Gas and Indoor Air Results

Section 11 — Environmental Indicator Status

Section 12 — Comparison of Site Concentrations to Cleanup Levels and Preliminary Remedial
Action Objectives

Section 13 — Summary and Conclusions

1.3  References
Department of Ecology (Ecology). 2001. Model Toxics Control Act (MTCA). WAC 173-340.
2001 proposed updates. Washington State Department of Ecology, Olympia Washington.

Department of Ecology (Ecology). 2002. Final Resource Conservation Act (RCRA) Permit
Modification (GTMOD 38-3)— Transfer of Corrective Action Lead Agency. March 11,
2002.

United States Environmental Protection Agency (EPA). 1991. RCRA Part B Permit for the BEI
Georgetown Facility at 734 S. Lucile Street, Seattle, WA.
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United States Environmental Protection Agency (EPA). 1988. RCRA Section 3008(h) Agreed
Order for Chemical Processors Incorporated, 734 South Lucile Street, Seattle

Washington.
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2.0 FACILITY HISTORY

2.1 Ownership History

There is no available information concerning the owners or operators of the property at 734 S.
Lucile Street prior to the late 1950’s (Chempro, 1988a). The Preservative Paint Company (PPC),
currently located across Airport Way to the east of the facility, owned and operated the property
from 1958 to approximately 1986. Chemical Processors Inc. (Chempro) acquired the PPC
solvent recovery and distillation operations in August 1970 and later pufchased the real property
for the facility from the West family, owners of Preservative Paint Company. In 1986, David
Sabey purchased all of the capital stock in Chempro. In March 1988, Glacier Park Company, a
wholly-owned real estate subsidiary of Burlington Northern Inc. bought a majority interest in
Chempro and its subsidiaries from David Sabey. In late 1988, Burlington Northern Inc. spun off
its natural resources subsidiaries, including Glacier Park Company and Chemical Processors,
Inc., into a new publicly traded company, Burlington Resources Inc. At this time, as a majority
owned subsidiary of Burlington Resources, Chempro changed its corporate name to Burlington
Environmental Inc. (BEI). In December 1993, Philip Environmental Inc., a Canadian company,
purchased BEIL. In August 1997, Philip Environmental merged with two other publicly traded
companies to form Philip Services Cofp. In 1999, Philip Services Corp. reorganized under
Chapter 11 bankruptcy and emerged from the financial restructuring in 2000 as Philip Services
Corporation. Philip Services Corporation filed Chapter 11 bankruptcy on June 2, 2003 in
Houston, Texas. The bankruptcy is still pending finalization.

BEI continues to be the legal owner of the facility and a wholly owned subsidiary of Philip
Services Corporation. To simplify the text for the reader, PSC is used throughout the text
regardless of the legal owner of the property or the legal permit holder, except for Section 2.2,

which discusses the operational history of the facility.
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2.2 Operational History
2.2.1 Pre-1950s

The facility is located in the Duwamish River Valley, an area that was originally part of the
Duwamish River Estuary before the US Army Corps of Engineers dredged a channel for the
river between approximately 1900 and 1910. The Duwamish Waterway channel is now located

approximately 0.8 miles west of the facility.

A review of historical aerial photographs and topographic maps was conducted to gain a better
understanding of general historical uses of the facility property. Historical aerial photos and
topographic maps are presented in Appendix 2A. Based on 1936 and 1946 aerial photos, it
appears that three warehouse buildings were situated on the facility property prior to the mid-
1940’s. By 1946, the three warehouses had been replaced by a single structure in the
approximate location of the present main facility warehouse. In a 1956 aerial photo, what is
considered the processing area and north field appear vacant, although the west field storage
area shows some activity. The 1956 aerial photo also shows the present warehouse building with
an extension to the north and a room added along the west/southwest side, which PSC believes

was a paint mix tank room (Chempro, 1988a).

2.2.2 1950s to 1970s

The former owner, PPC, used the facility property as a distillation plant for reclaiming waste
solvents and manufacturing paints, as well as alkyd and latex resins, from approximately 1958 to
1970. The process still area, which was located along the eastern property boundary, was
constructed by approximately 1959. Between 1958 and 1965, PPC installed 22 underground
storage tanks (USTs) in north field and two USTs in an area to the south and east of the _
warehouse, respectively. PPC used these tanks for the storage of substances such as thinners,
solvents, and mineral spirits until 1970. A 1969 aerial photo shows the process still area and

north and west fields in use, with boundaries very similar to those of the facility’s present
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configuration. For an unknown period of time between 1958 and 1970, another company, Wood
Beautifiers Inc.', also used the west field for staining wood shakes and shingles and for storage

of wood stains, thinners, solvents, and mineral spirits (Chempro, 1988a).

2.2.3 1970 to 1990

From 1970 to approximately 1986, the facility was used for storage, solvent recycling, and
treatment of dangerous wastes b); processes including, but not limited to, electrolytic destruction
of cyanide, distillation, and blending of dangerous waste fuel. Alkyd resins were also
manufactured at the facility until the early 1980’s. Until approximately 1980, portions of the
facility’s warehouse were subleased for product storage by other companies such as PPC,
Loomis Chemical, and Cargill. In addition, PPC also used the USTs and other outdoor container

storage areas on the east side of the facility until approximately 1980 (Chempro, 1988a).

According to facility records, the west field apparently was inactive from 1970 to 1975. In 1975,
the west field was covered with surface soil and gravel rock fill then the area was used for drum
storage. In 1980, this area became the staging area for incoming and outgoing drums and for
bulk liquid waste storage. In 1982, the west field was paved with asphalt (Chempro, 1988a).
Between 1970 and 1981, the north field was used for drum storage. The north field was partially
paved with concrete between 1974 and 1981, and was fully paved in 1982.

Between 1970 and 1987, the 24 on-site USTs were used to store solvents, cyanides and other
materials. In 1987, all 24 USTs were removed in accordance with applicable regulations.
Documents associated with tank removal activities, including a removal work plan, tightness
certification, laboratory analytical results and photos of the tank removal, are presented in
Appendix 2B. Prior to the tank removal in the autumn of 1987, 22 (A-O, 1-7) of the 24 tanks at
the facility were tested for tightness. All tanks with the exception of Tank B, which held

! Wood Beautifiers Inc. may have been an affiliate of PPC, but this relationship has yet to be confirmed.
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solvent, ahd Tank N, which held cyanide waste, were certified tight. During the excavation of
Tank N, fill lines were severed and approximately one-quarter gallon of liquid containing 500-
1000 parts per million (ppm) cyanide leaked from the lines onto surrounding soil. The impacted
soil was excavated during the removal of Tank N, and drummed for proper disposal. Samples of
visibly impacted soil from the excavation of Tank N were analyzed for volatile organic
compounds (VOCs) and cyanide. 1,1-Dichloroethane, trans-1,2-dichloroethene, 1,1,1-
trichloroethane, trichloroethene, fetrachloroethene, toluene, ethylbenzene, styrene, and xylenes
were detected in soil and groundwater samples, while 1,2-dichloroethane and 4-methyl-2-
pentanone were also detected in groundwater in the area of the excavation. Detected cyanide
concentrations in groundwater ranged between 8 and 13 ppm. Less than one cubic yard of soil
contaminated with a “tar-like” substance was also excavated during the removal of Tank N and
drummed for proper disposal. Soil samples collected during the removal of Tanks 8 and 9
showed toluene, ethylbenzene and xylene concentrations ranging between 1,500 and 3,500 ppm
and chlorinated VOC concentrations less than 10 ppm. Several soil samples were also collected
from the excavation for Tanks 1-7. Acetone, 1,1,1-trichloroethane, tetrachloroethene, 4-methyl-
2-pentanone, trichloroethene and trans-1,2-dichloroethene were detected in soil from this
excavation. Excavated tanks were brushed clean, inerted with carbon dioxide (CO,) and sent to

the PSC Tacoma facility for proper decommissioning.

2.2.4 1990 to present

In 1991, the facility was issued a RCRA Part B Permit to manage hazardous waste. EPA and
Ecology issued the permit jointly. As a part of this Part B Permit, the facility was required to
complete upgrades to facility process units and containment to prevent releases to the
environment. The company completed these upgrades by 1993, which included a microsilica
concrete cap on the entire facility, concrete berms around all containers and a self-contained

stormwater management system.
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Over the years, the number of processes occurring at the facility decreased substantially. Some
processes are not well documented because they were phased out or closed prior to the issuance
of the facility’s final permit. However, changes that occurred while the facility had a RCRA
permit have been documented. The distillation process was shut down in February 1996 and
cyanide treatment was discontinued at the facility in March 2000. Oxidation treatment and fuel
blending were the only two processing operations at the facility from March 2000 to December
2002. In December 2002, PSC provided Ecology with a notice of intent to close the facility and
the facility ceased all operations and hazardous waste processing activity. The facility completed
above-ground closure requirements in 2003. Ecology accepted and approved PSC’s above-

ground clean closure certification in August 2003.

2.3  Regulatory History

The facility was regulated by RCRA for both operations and cleanup. RCRA is the primary
federal legislation that applies to prospective or future hazardous waste management and
addresses historical contamination from hazardous waste operations. An amendment to the 1965
Solid Waste Disposal Act, RCRA was promulgated in 1976 to ensure the safe management and
disposal of huge volumes of municipal and industrial solid waste generated nationwide. RCRA
has undergone multiple amendments including the HSWA of 1984 that expanded.the scope and
requirements of RCRA. Subtitle C of RCRA established a progrérn fo.r handling wastes from
“cradle to grave.” Under Subtitle C, owners or operators of hazardous waste management
facilities are required to submit a permit application covering all aspects of the design, operation,
maintenance, and closure of the facility. The permit application has two parts, the first of which,
Part A, covers general information about the facility. The second part, Part B, includes highly
detailed and technical information about facility operations and outlines the requirements of the

cleanup process at the RCRA facility.
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The corrective action regulatory history of the facility can be summarized as follows.?

e August 1980: A notification of hazardous waste activity, identifying the company as a
generator and owner/operator of a treatment, storage or disposal (TSD) facility, was

submitted to EPA, as an initial requirement for the subsequent “interim status” filing

under RCRA.

e November 1980: A RCRA Part A permit application, identifying wastes handled at the
facility to include solvents, cyanides, acids and alkaline materials, waste fuel oils, and
polychiorinated biphenyls (PCBs), was submitted to EPA. The facility was automatically
grandfathered into the RCRA Program, giving the facility Interim Status under RCRA
Part 265.

e Early 1988: the company initiated meetings with EPA to begin the process of meeting the
requirements of the Revised Off-Site Policy under the Comprehensive Environmental
Response, Liability and Compensation Act (CERCLA), which required that facilities
receiving CERCLA remediation waste must undergo a RCRA Facility Assessment (RFA)
or be subject to a corrective action order under RCRA §§ 3008(h) or 3013, before
receiving waste from a Superfund site. As a result of these meetings, an RFA was
scheduled for the facility, and the company commenced negotiations with EPA for a
corrective action order under § 3008(h), which required the company to submit the initial

proposals for sampling and analysis of environmental media at the facility.

2 As noted previously, the name PSC or the “company” will be used in reference to the company regardless of the
time period referenced in this historical summary to avoid confusion. Although the name of the company has
changed from time to time with ownership by different parent companies, i.e., Burlington Resources, Philip
Environmental Inc., Philip Services Corporation, the legal entity has not been modified or merged out of its original

legal existence, nor has the facility itself changed ownership.
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» September 1988: EPA issued a 3008(h) order for the facility. This order formalized the
company’s interim status corrective action responsibilities under RCRA. This corrective
action order required the company to complete an initial RCRA Facility Investigation
(RFI). The company completed the RFI and the results of this study were summarized in
the Phase II Hydrogeologic Investigation Report (SE/E, 1989b).

¢ October 1988: The company submitted its completed RCRA Part B permit application to
EPA for review and comment (Chempro, 1988b).

* August 1991: A RCRA Part B permit (Permit No. WAD000812909) was issued jointly
by EPA and Ecology, which contained HSWA 3004(u) and (v) corrective action
requirements. This permit required an off-site RFI and interim measures, and provided
steps for cleanup and compliance monitoring. PSC installed the first interim measure at

the facility in 1994 and RFI activities have been ongoing since 1991.

* June 1994: PSC requested a permit modification to the corrective action portion of the
Part B permit GT-MOD 5-4 (BEIL, 1994b). The approved modification changed the
groundwater monitoring program as presented in Section VIL.B.1. of the RCRA Part B

Permit.’

* February 1995: PSC requested a permit modification for groundwater monitoring at the
facility GTMOD 29-2 (BEI, 1995). This approved modification changed the groundwater
monitoring program as presented in Section VILB.1. of the RCRA Part B Permit, and
reduced the number of analytes, the number of wells, and the frequency at which wells
are sampled as described in the July 1992 Pre-Corrective Action Groundwater

Monitoring Plan (BEI, 1992a).

* Modifications that are not discussed here, such as 1-4 and 6-28, were operational permit modifications.
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e May 2000: PSC requested a permit modification, GTMOD-38-3, related to corrective
action (PSC, 2000d). The permit modification included revised RCRA permit language,
an updated schedule for corrective actions, more refined RFI/ Corrective Measures
Feasibility Study processes, and a framework for considering new remediation
technologies. EPA redrafted the Draft Permit Modification in January 2001 and this
document was eventually finalized as the revised Section VII of the Permit (EPA, 2001a).

e August 2001: PSC submitted groundwater monitoring permit modification request
GTMOD-43-2 to EPA (PSC, 2001h). This permit modification proposed to remove some
wells from the permit-required monitoring well network, add some monitoring wells to
the network, modify the analytical requirements, and change the frequency of sampling
and water level elevation measurements. This modification was approved by EPA on

November 27, 2001 (EPA, 2001b).

e February 2002: PSC submitted permit modification request GTMOD-45-1 to EPA (PSC,
2002a). This permit modification request proposed to address data gaps from the Draft
Comprehensive RCRA Facility Investigation Report (PSC, 2001f) by gathering more
chemical and hydrogeological data, analyzing the data, validating the data, and
interpreting the data to characterize the facility and surrounding area according to RCRA
and MTCA guidelines and to support a well documented risk assessment. As such, PSC
also requested that the Final Comprehensive RFI Report be submitted to the agency on
October 31, 2003. This permit modification was merely allowed sufficient time for PSC
to submit a Class 2 permit modification for this schedule extension and was proceeded by

permit modifications GTMOD-47-1 and GTMOD-48-2.

¢ February 2002: PSC submitted an Ecology pre-approved permit modification request
GTMOD-46-1 to EPA (PSC, 2002b). This permit modification request proposed to
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modify the permit-specified schedule for the Fiﬁal Groundwater Interim Measure Work
Plan, specifically related to the revision of the Draft Groundwater Interim Measures
Work Plan requested by EPA in a letter dated June 28, 2001. The Draft Interim Measures
Work Plan (PSC, 2001g) included three different groundwater interim measures: a
groundwater beneficial use study, an interim measure protective of the groundwater to
indoor air pathway (inhalation pathway), and a hydraulic control interim measure. Each
of these interim measures required more detailed work plans or reports under separate
cover. This permit modification request proposed the schedule for the next deliverable

for each of these interim measures.

* March 2002: EPA delegated to Ecology the authorization under RCRA section 3006(b),
42U.S.C. 6926(b) to implement RCRA requirements at RCRA facilities in the State of
Washington, including HSWA requirements for corrective action. EPA and Ecology
agreed to establish a transition schedule for lead agency authority for corrective actions at
the facility from EPA to Ecology. EPA retained corrective action authority for the
facility until 2001 when final authority was delegated to Ecology for administration under

MTCA. This permit language and subsequent modifications are provided in Appendix
2C.

* April 2002: PSC submitted a permit modification request GTMOD-47-1 to Ecology
(PSC, 2002f). This permit modification was pre-approved by Ecology on April 8, 2002
(via email). This permit modification request proposed a 60-day extension on the due
date of the Revised Draft RI report. During the 60-day extension, PSC would submit a
Class 2 permit modification request for an extension on the due date of the Final
Comprehensive RI Report. The Class 2 permit modification would include a detailed-

rationale for the time required to fill the identified data gaps.
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e April 2002: PSC submitted a permit modification request GTMOD-48-2 to Ecology
(PSC, 2002g). This permit modification request proposed to modify the time required to
submit quality-assured data to Ecology under the quarterly corrective action progress
reports. In addition, this modification request proposed to modify the permit-specified
schedule for the Final Comprehensive Remedial Investigation Report, because of data
gaps identified by PSC, EPA, and Ecology, that are required to be filled prior to
finalizing this document. “This permit modification was approved with conditions on
August 23, 2002. Ecology’s conditions included adding interim measure language and
due dates for the Hydraulic Control Interim Measure and the Inhalation Pathway Interim
Measure to the corrective action section of the permit along with the revised due date for

the RI of October 31, 2003.

e April 2002: PSC submitted a permit modification request GTMOD-49-1 to Ecology
(PSC, 2002h). This permit modification request proposed to modify the permit-specified
schedule for providing financial assurance for corrective action until June 30, 2002
because of economic conditions. This permit modification was pre-approved by Ecology

on April 15, 2002.

e June 2002: PSC revised the Pre-Corrective Action Monitoring Plan (PCAMP) (PSC,
2002). This plan provided a sampling and analysis plan for the Pre-Corrective Action
Groundwater Monitoring Program, which is required under Permit Condition VIL.B. The
plan was updated to include 55 new monitoring wells installed in 2002 and to update the
analytical requirements and sampling frequency. This plan also included an updated
Quality Assurance Project Plan. Ecology approved this permit modification in August
2002.

e June 2002: PSC submitted a permit modification request GTMOD-50-1 to Ecology (PSC,
2002i). This permit modification was pre-approved by Ecology on April 19, 2002. This
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permit modification request proposed to modify the PCAMP by abandoning monitoring
well CG-7-S1. The well integrity of well CG-7-S1 was poor and was not in compliance
with state well maintenance regulations. Permit condition VIL.H.4. assumes that a new
well will replace the abandoned well. However, no well was installed to replace CG-7-
S1 because EPA and Ecology already approved the discontinuation of chemical sampling
at CG-7-S1.

* June 2002: PSC submitted a permit modification request GTMOD-51-1 to Ecology (PSC,
2002k). This permit modification was pre-approved by Ecology on June 27, 2002 (via
email). This permit modification request proposed to modify the PCAMP after PSC
implemented permit modification GTMOD-43-2, which added 54 new monitoring wells
to the PCAMP. However, seven of the proposed wells in GTMOD 43-2 were unable to
be installed at that time because of access problems. In addition, Sections VII.B.2 and
VII.G.4 and VIL.G.5 were modified to make the requirements for Appendix IX sampling

consistent throughout the permit.

* June 2002: PSC submitted a permit modification request GTMOD-53-1 to Ecology (PSC,
20021). In April 2002, PSC requested an extension on the due date of the Final RI report
to June 23, 2002 in permit modification GTMOD-47-1'. The purpose of tha-t extension
request was to allow PSC time to submit a Class 2 permit modification, GTMOD-48-2, to
formally submit this extension request to the public for comment and to allow for a
public meeting and agency review. On June 20, 2002, PSC received a request from
Ecology to request an extension on the due date of the Final RI Report to August 2, 2002
to allow Ecology more time to review public comments on this Class 2 GTMOD-48-2.

Therefore, PSC submitted that request as permit modification GTMOD 53-1'.

e July 2002: EPA terminated the 3008(h) Order for the facility (EPA, 2002).
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e August 2002: PSC submitted a permit modification request GTMOD-52-1 to Ecology
(PSC, 2002m). This permit modification request proposed a revision of the Financial
Assurance for Corrective Action Language in Section VILJ of the permit. This permit
modification was pre-approved by Ecology on June 27, 2002. However, Ecology later
made comments on the permit modification and the modification was re-submitted to

Ecology in May 2003.

e November 2002: PSC submitted a permit modification request GTMOD-57-1 to Ecology
(PSC, 20020). This permit modification was pre-approved by Ecology on November 8,
2002. This permit modification request proposed a change to the PCAMP by changing all
Total Petroleum Hydrocarbon — Diesel Extended Range (TPH-Dx) and Total Petroleum
Hydrocarbon — Gasoline Extended Range (TPH-‘Gx) analyses to Extractable Petroleum
Hydrocarbon (EPH) and Volatile Petroleum Hydrocarbon (VPH) analysis at all wells
where TPH analysis were required. EPA and Ecology requested that PSC implement this
change, because a risk evaluation can use EPH/VPH data but not TPH data.

e December 2002: PSC notified Ecology of its intent to close RCRA permitted operations
at its Georgetown Facility. The facility then followed its approved Closure Plan to
comply with RCRA above-ground closure requirements. PSC received the last waste

shipment into the facility in December 2002.

e December 2002: PSC notified EPA of its intent to close Toxics Substances Control Act
(TSCA) permitted operations at the facility. The facility also submitted a revised Closure

Plan, because new TSCA regulations had been instituted since the original Closure Plan

was prepared (PSC, 2002p and 2002q).

e January 2003: PSC submitted permit modification request GTMOD-58-1 to Ecology
(PSC, 2003a). This permit modification request proposed to revise the date for Inhalation
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Pathway Interim Measure (IPIM) Technical Memorandum #2, due December 31, 2002.
PSC requested the modification because IPIM Technical Memorandum #1, submitted on
time in November 2002, was still under review by Ecology at that time, and it would be
preferable for the Ecology to comment on the first memorandum prior to PSC’s submittal
of the second. Ecology pre-approved this modification in a letter dated December 31,
2002. The new due date was established for a date twenty-one (21) days after the due
date of PSC’s revised IPIM Technical Memorandum #1. This permit modification was
pre-approved by Ecology on December 31, 2002.

» February 2003: The revised TSCA Closure Plan was approved by EPA and PSC
mobilized to begin field work in March (EPA, 2003a).

* May 2003: PSC re-submitted permit modification request GTMOD-52-1 to Ecology
(PSC, 2003d), after incorporating Ecology’s comments on the initial submittal. This
permit modification request proposed a revision of the Financial Assurance for
Corrective Action Language in Section VILJ of the permit. This permit modification was

pre-approved by Ecology on April 29, 2003 (via email).

* June 2003: PSC submitted permit modification request GTMOD-59-1 to Ecology. This
permit modification request proposed to revise the analyte list, the wells sampled for each
analyte, and the sampling frequency described in the PCAMP (PSC, 2002i). The
PCAMP proposed a fixed sampling and analysis schedule for one year beginning in May
2002, after which time the required analytes and sampling locations would be re-
evaluated. On April 28, 2003, PSC re-evaluated the sampling and analysis schedule and
proposed changes to Ecology. On May 8, 2003, Ecology pre-approved changes to the
PCAMP sampling and analysis schedule.

Section 2_Final 11/10/03 2-13



FINAL COMPREHENSIVE
REMEDIAL INVESTIGATION REPORT
GEORGETOWN FACILITY

e July 2003: PSC submitted permit modification request GTMOD-60-1 to Ecology (PSC,
2003g). This permit modification was pre-approved by Ecology on July 29, 2003. This
permit modification request proposed to abandon some wells because they were either
within the HCIM subsurface barrier wall alignment or so close to the proposed wall
alignment that they would be damaged by the construction of the wall. In addition, based
on Ecology’s recommendations, PSC replaced well CG-140-WT with a new well CG-
140-30. Well CG-140-WT will only be used for water levels and well CG-140-30 Will be
used for groundwater chemical sampling and water levels. PSC has also added well CG-

151-25 for hydrological uses only.

e July 2003: PSC submitted RCRA certification of clean above-ground closure at the
Georgetown Facility to Ecology meeting the requirements in the approved Closure Plan

(PSC, 2003h).

e July 2003: PSC submitted TSCA certification of clean above-ground closure at the
Georgetown Facility to EPA meeting the requirements in the approved Closure Plan

(PSC, 2003K).

¢ August 2003: PSC submitted permit modification request GTMOD-61-1 to Ecology
(PSC, 20031). This p.ermit modification was pre-approved by Ecology on May 19, 2003.
This permit modification request proposed to replace the SVE system blower type and air
treatment method from that described in the July 2, 1993 Interim Measures Design and
Implementation Work Plan. It also replaces that work plan with a revised SVE Operation

and Maintenance/Sampling and Analysis Plan dated July 25, 2003.

e August 2003: Ecology approved PSC’s certification of clean RCRA above-ground
closure for the facility (Ecology, 2003).
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. Sepfember 2003: EPA approved PSC’s certification of clean TSCA above-ground closure
for the facility (EPA, 2003b). ‘

2.4  Corrective Action History

Corrective actions have been implemented at the facility under the conditions of the 3008(h)

order issued in 1988 and the facility’s Part B permit. Under the current permit corrective action
requirements, PSC is obligated té'condubt an Rl FS, and implement a remedy or combination of
remedies that address contamination at the facility and other related impacted areas. This section

describes the corrective action activities that have occurred to date.

2.4.1 Solid Waste Management Unit Report (RCRA Facility Assessment)

A SWMU Report prepared for EPA in July 1988 (Chempro, 1988a) identified 37 SWMUs that
were closed prior to 1988. Table 2-1 lists the SWMUS identified in the 1988 report and includes
the period of use and all of the types of waste found within each unit. Figure 2-1 shows the
location of all 37 SWMUSs. Other chemical storage and handling areas that were not identified in
the SWMU Report include the former cyanide treatment area, closed in 2000, the former
acid/base storage area and the former distillation area, closed in 1996. These areas are also

shown in Figure 2-1.

2.4.2 Documented and Undocumented Releases
24.21 Documented Spills and Releases

Documented spills and releases at the facility are summarized in Table 2-2. Release and spill
documentation prior to 1990 is not likely to be as reliable as post-1990 documentation because of
stricter reporting requirements under environmental legislation passed in the late 1980s, i.e., the
Emergency Planning and Community Right-to-Know Act (EPCRA). Between 1991 and 1993,
the entire facility was capped with concrete, and a storm water management system was installed

to ensure complete containment of any future releases.
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2.4.2.2 Potential Undocumented Releases

In addition to documented spills and releases, undocumented releases may have occurred at the
facility. Between approximately 1958 and 1980, the west field was used for staining wood
shakes and shingles, storage of stains, thinners, solvents, mineral spirits and non-processable
wastes, but the area was not paved until 1982. Releases from the drums and tanks may have
occurred due to container failures or operational error resulting in possible releases to the

environment prior to paving of the west field.

Two USTs south and east of the warehouse, respectively, and 22 USTs in the north field were
installed on the facility between 1958 and 1965. The USTs were used by the PPC to store
materials such as thinners, solvents, and mineral spirits prior to 1970 and by Chemical
Processors'to store solvents, cyanide and other materials between 1970 and 1987. Other than the
two documented releases that were contained and soil contamination that was removed during
tank decommissioning in 1987, releases from the tanks may have occurred because of leaks in

the tanks and piping, and operational error during the years of active use.

In the past, the on-site furnace used Therminol ®, an insulating oil product, which while in use,
contained PCBs. A furnace fire in early 1974 may have resulted in PCB contamination in soils
surrounding the furnace. Residual liquid may also have been released during the replacement of

the furnace (Chempro, 1988a).

Further undocumented releases may have occurred during container handling operations and
during transfer operations between trucks, tanks, and rail cars prior to paving and prior to the

passage of EPCRA legislation.
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243 Previous Environmental Investigations

The following is a summary of significant environmental investigative work that has been
completed at the facility. The work has been described in a number of reports, which are
summarized below. Full references to these reports are provided at the end of this section and
the actual reports are available at EPA Region 10, Ecology’é Northwest Regional Office, and at
the public repository located at the Georgetown Gospel Church. A more thorough explanation of
the methodologies implemented and the data are provided in Sections 4.0 and 7.0 of this report,

respectively.

An Evaluation of Groundwater Contamination at the Chemical Processors Inc. Georgetown

Facility (Harper Owes and Hart Crowser, 1983)

The purpose of this report was to determine whether chemicals from the facility were migrating
downgradient of the facility, although no downgradient wells were installed. In July and
September 1982, nine monitoring wells, G-1 through G-9, were installed in the shallow aquifer
at the facility. An additional ten monitoring wells, HC-1 through HC-10, were installed in
December 1982 and January 1983 facility. Seven of those wells were screened in the shallow
aquifer, two wells were screened in the intermediate aquifer (HC-1 and HC-10 ) and one well

was screened ini the silt unit (HC-9). These two sets of wells were abandoned in 1989. -

Solid Waste Management Unit Report (Chempro, 1988a)

PSC prepared a Solid Waste Management Unit (SWMU) Report in response to a request for
information from EPA regarding potential releases of hazardous waste from closed SWMUs.
This report contains a detailed history of operations at the facility from 1958 to 1988, lists

releases that have occurred at the facility and describes the chemicals stored at the facilify.

Phase I Hydrogeologic Investigation ( SE/E, 1988)

A Phase I Hydrogeologic Investigation was performed as a part of the property transfer from the

company to BEI. In November and December 1987, three soil borings were completed as two
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deep monitoring wells screened at 98 feet below ground surface below ground surface (bgs) |
(CG-1 and CG-2), and one shallow monitoring well screened at 30 feet bgs (CG-3). Soil and
groundwater samples were collected during the installation of these wells. Two of these wells

still exist at the facility and the chemical data are summarized in Section 7.0.

Phase IT Hydrogeologic Investigation (SE/E. 1989b)

A Phase II Hydrogeologic Investigation was performed as a part of the RFI completed to satisfy
the EPA consent order issued under Section 3008(h) of RCRA. The goal of the study was to
complete the hydrogeologic and hydrogeochemical investigation of the faciiity initiated in
previous studies. Wells installed during previous studies (G-1 through G-4 and G-7 through G-9,
HC-4 through HC-6, and HC-8) were abandoned because of placement near fences, walls, and
other obstructions. Twenty-nine new boreholes were drilled to characterize the subsurface
environment including two deep (TB-1D, TB-5D), four intermediate (TB-51, TB-71, TB-101, TB-
131) and 23 shallow borings (TB-1S through TB-14S, including two borings each at TB-3, TB-4,
TB-5, TB-7, TB-8, TB-10, TB-11, TB-13 and TB-14). The borings were completed as
monitoring wells for a total of 24 locations including two in the deep aquifer (CG-4-D, CG-5-D),
four in the intermediate aquifer (CG-1-I, CG-2-1, CG-5-1, CG-9-I) and 16 in the shallow aquifer
(two each at CG-1-S, CG-2-S, CG-5-S, CG-6-S, CG-7-S, CG-8-S, CG-10-S, CG-11-S). Many of
these wells still exist at the facility. A beneficial groundwater use survey was conducted for the
area within one-half mile of the facility. No drinking water wells were identified. Furthermore,

58 potential hazardous waste sites were identified within one-half mile of the facility.

Phase III Hydrogeologic Investigation (Off-Site RFI) (SE/E, 1991)

A Phase III (off-site) Hydrogeologic Investigation Work Plan was submitted as the first
requirement of the facility Part B Permit. The purpose of the Phase III Hydrogeologic
Investigation was to define the nature and extent of potential contamination in soils and
groundwater upgradient, crossgradient, and downgradient of the facility, meeting the final

requirements of the 3008(h) consent order. Throughout the Phase III activities since the third

Section 2_Final 11/10/03 2-18



FINAL COMPREHENSIVE
REMEDIAL INVESTIGATION REPORT
GEORGETOWN FACILITY

quarter 1992, all monitoring wells have been sampled quarterly. The Phase III activities have

been described in a number of reports summarized below.

Semi-Annual RFI Progress Reports - February and August 1992 (BEI, 1992b/c)

Hand-augered soil samples were collected at 35 locations, and combined into 26
composite samples. A soil gas survey was conducted in 1991 in an attempt to
delineate the extent of the groundwater plume migrating from the facility. Soil gas
samples were collected from four locations on the facility and 21 locations that were
upgradient and downgradient of the facility. A 72-hour shallow aquifer pumping test

was conducted using the soil vapor extraction system pilot test wells.

Semi-Annual RFI Progress Reports - February and August 1993 (BEI, 1993a/b)
Monitoring wells CG-101 through CG-105 and CG-111 were installed and sampled.

Five hand-augered soil samples were collected. Groundwater samples were collected
from temporary wells at 17 locations upgradient, crossgradient and downgradient of

the facility.

Georgetown Sewer Investigation Summary and Discussion of Potential Sources of

Contamination at CG-102 Off-Site Well (BEIL 1993c¢)

The sewer lines running under Lucile Street and Denver Avenue were surveyed and
deemed not to be a potential source of the VOC concentrations observed in
monitoring well CG-102. Several USTs that had been used to store process materials
at the current location of PPC on Airport Way, directly upgradient of well CG-102,
were identified as potential sources of VOCs detected in well CG-102.

Semi-Annual RFI Progress Report - February 1994 (BEI, 1994a)

Twenty shallow groundwater samples were collected from direct-push temporary
well locations outside the facility (RW-1 through RW-20). The results of this
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sampling indicated that a contaminant plume containing volatile organic compounds,
including benzene, toluene, ethylbenzene, and xylenes (BTEX) and chlorinated
solvents, may be migrating from the vicinity of the current facility located directly to

the east of the facility.

Semi-Annual RFI Progress Report - August 1996 (PSC, 1996)

Stormwater flow was measured at four locations along Denver Avenue South and
South Lucile Street during dry, moderate rain, and heavy rain conditions to determine
if the sewer was leaking to groundwater causing dilution and affecting near-surface
flow. The results of the study gave no indication that the sewer was leaking to

groundwater.

Semi-Annual RFI Progress Reports - February and August 1997 (PSC, 1997a/b)

Light nonaqueous-phase liquid (LNAPL) was intermittently detected in monitoring
wells CG-6-S1, CG8-S1, and CG-11-S1. These wells were investigated during
August, September, October, and November of 1996 for LNAPL, but no LNAPL was

found.

Off-Site Hydropunch Investigation Report (PSC, 1998b)

As part of the Phase III Hydrogeologic Investigation, an Off-Site Hydropunch
Investigation was conducted to determine the extent of impacted groundwater
downgradient of the facility. After determining the extent of impacted groundwater,
more permanent monitoring wells would be proposed per the Phase III Work Plan.
The investigation was performed using a Geoprobe® direct-push sampling tool at 23
groundwater sampling locations downgradient of the facility. At each location,
groundwater samples were collected from the assumed top of the shallow aquifer at
approximately 15 feet bgs, the bottom of the shallow aquifer at approximately 30 feet
bgs, the middle of the intermediate aquifer at approximately 45 feet bgs, the bottom
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of the intermediate aquifer at the silt aquitard at 60 feet bgs, and at 75 feet bgs if the
aquitard was not encountered. ‘Soil borings were installed in an attempt to identify to
the depth of the bottom of the intermediate aquifer at six off-site locations to the west
of the facility in order to characterize subsurface lithology. Downgradient of the
facility, the surface elevation of the silt unit appeared to dip toward the Duwamish
River with increasing distance from the facility. The surface of the silt unit was
encountered at approkimately 64 and 66 ft bgs in borings B4 and B6, respectively, but

was not encountered in any other boring completed during this investigation.

North Field Intermediate Well Installation (PSC, 1999a)

As an addendum to the Phase III Hydrogeologic Investigation, two new intermediate
wells (CG-11-I and CG-12-I) were installed in the north field to improve intermediate
aquifer groundwater contours. The additional information provided by the
installation of these wells indicated that groundwater in the intermediate aquifer flows

approximately to the west rather than the southwest.

Off-Site Soil Gas Study Results Technical Memorandum (PSC, 2000a)
As outlined in the RFI Addendum Scope of Work and the Off-Site Soil Gas Sampling

and Analysis Plan (PSC, 1999c¢), 16 soil gas and soil samples were collected to
determine whether concentrations of volatile chemicals in soil gas could potentially
pose a risk to human health via migration of soil gas into indoor air of local buildings.
Detected VOC concentrations were used as input to an EPA-recommended vapor
intrusion model (Johnson and Ettinger, 1991) to estimate potential indoor air

concentrations.

Technical Memorandum Pumping Test Analysis - Shallow Aguifer (PSC, 2000b)

In March 1992, short-term and long-term pumping tests were conducted to estimate

the average horizontal hydraulic conductivity and specific yield of the shallow aquifer
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at the facility. The purpose of this technical memorandum was to provide a more
thorough analysis of the data set in the same manner that that intermediate aquifer

pumping test was analyzed.

Technical Memorandum, Pumping Test Analysis - Intermediate Aquifer (PSC,

2000c)

In December 1999, short-term and long-term pumping tests were conducted to

estimate the average horizontal hydraulic conductivity and specific yield of the
intermediate aquifer at the facility. Drawdown and recovery were monitored and
analyzed using the Hantush and Theis methods, and the Theis recovery method,

respectively.

Groundwater Model Conceptual Site Model Report (PSC, 2000e)

The conceptual model describes the local hydrogeological parameters that were
proposed to be used in a numerical flow model, using Visual MODFLOW®. The
purpose of the model was to predict current and future groundwater and contaminant
migration prior to the implementation of a remedial action for the purpose of

evaluating remedial alternatives.

Groundwater Model Calibrated Model Report (PSC, 20001)

This report presents the implementation of the conceptual site model for groundwater
flow at the facility and in the surrounding area. The numerical simulations were
performed using Visual MODFLOW® were coﬁsewatively calibrated and were
validated.

Indoor Air Analysis Report (PSC, 2000g)

Indoor air samples were collected from the basements of two residences immediately

downgradient of the facility to substantiate the results of the vapor intrusion model
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constructed as part of the Off-Site Soil Gas Survey. Additional soil gas, ambient air,
and groundwater samples were collected concurrently to verify the source of any
compounds detected in indoor air. The Washington State Department of Health
(DOH) and EPA conducted indoor air sampling at the same residences as well as two
local businesses shortly after PSC’s sampling event, and found no immediate health

concems.

Groundwater Model Sensitivity Analysis Report ( _PS C, 2001

A sensitivity analysis of the calibrated groundwatér model was performed to show the
sensitivity of the model output to small changes in model parameters. The most
sensitive parameters were determined to be five hydraulic conductivity zones, two net
recharge rates, four runoff recharge rates and one groundwater influx rate. The report
also provides ranges of values for these parameters for which the model maintains

sufficient calibration.

Technical Memorandums I-VI. Supplemental Off-Site Characterization (PSC,
20001/k/1. 2001a/b/c)

The supplemental characterization was conducted in accordance with the Final
Supplemental Off-Site Groundwater Characterization Work Plan (PSC, 2000h) and
was completed as two investigations: the Nature and Ext;ent Investigation, which
attempted to delineate the groundwater plume downgradient of the facility between
approximately Denver Avenue and East Marginal Way, and the Source Area
Investigation, which sought to characterize the presumed source of impacted
groundwater near the facility. A total of 66 direct push borings were installed as part
of the Nature and Extent Investigation in an attempt to define the nature and extent of
the groundwater plume. At these locations, 168 discrete groundwater samples were
collected at depths ranging from 10 ft bgs to 90 ft bgs. In addition, 38 direct push

borings were installed close to the facility during the Source Area Investigation. At
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these locations, 263 discrete groundwater samples were collected at depths ranging
from 10 ft bgs to 90 ft bgs. In addition, three borings (F16, F7 and B9) were logged
to determine the depth of the silt confining layer. Boring F7 identified the silt layer at
approximately 120 feet bgs.

Semi-Annual RFI Progress Report - February 2001 (PSC, 2001e)

As part of the requirements of the Soil Gas Sampling and Analysis Plan (PSC,
1999c¢), all wells with more than six inches of silt accumulation in the bottom were
redeveloped. This included all four SVE wells. There were no VOCs detected in air
samples from the SVE wells prior to or following well development indicating that
the low productivity of the SVE system is not due to clogged well screens. Five
permanent soil gas sampling ports, two shallow groundwater-monitoring wells, and

two permanent soil moisture probes were installed along Denver Avenue South.

Technical Memorandum, Soil Gas Investigation, March 2001 Results (PSC, 2001d)

Groundwater and soil gas samples were collected just outside of five residences
located within the known extent of the groundwater plume. The DOH collected
indoor air samples at each of these residences concurrently. Two outdoor air samples
were also collected to serve as background concentrations. The DOH report on

indoor air sampling was not available at the time this report was prepared.

Draft Comprehensive RCRA Facility Investigation Report (PSC, 20011)

This report summarized all data collected at the PSC Georgetown Facility, but
emphasized the most recent data, which included the data collected as part of the
Final Supplemental Off-Site Groundwater Characterization Work Plan (PSC, 2000h)
in the downgradient area between Denver Avenue South and East Marginal Way

South.
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Draft Human Health and Ecological Risk Assessment (FW, 2001)

The human health risk assessment showed that the pathway of highest concern was
the inhalation pathway (contaminants in groundwater migrating into indoor air) and
the receptor of highest concern was the on-site or off-site trench worker. The
ecological risk assessment concluded that chemicals detected in soil would not be an
ecological concern to terrestrial wildlife. It also concluded that chemicals detected in

soil and groundwater ‘would likely not reach the Duwamish Waterway.

Final RFI Well Installation Work Plan (PSC, 20011)

Additional characterization of groundwater downgradient of the facility was proposed
by PSC in the Draft RFI Report, and requested by EPA in its comments on that
report, , which led to the creation of this work plan. The work plan was finalized
based on EPA’s commeﬁt letter dated October 26, 2001. In the final work plan, PSC
proposed to install 55 new monitoring wells downgradient of the facility in three
aquifer zones. The well locations were chosen based on chemical data from direct
push locations in the area. In addition 13 soil borings were proposed for lithological
logging and geotechnical soil sampling. The completion of these wells and the results

of sampling those wells are provided in this RI.

Technical Memorandum VII: Proposed Locations for the Supplemental Off-Site
Groundwater Characterization (PSC, 2001k)

This memorandum proposed 16 additional groundwater sampling locations - |
downgradient of the facility based on results of the previous phases of nature and
extent characterization conducted in accordance with the Final Supplemental Off-Site
Groundwater Characterization Work Plan (PSC, 2000h). The purpose of the new-
locations was to further characterize areas where potential non-PSC sources may be
impacting groundwater and to investigate groundwater in the area west of East

Marginal Way South.
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Draft Natural Attenuation Monitoring Plan (PSC, 2002¢)

This plan describes a voluntary groundwater sampling effort to gather geochemical
and biological data from the facility and surrounding areas to support fate and
transport discussions in the final remedial investigation report. In addition, these data
may be used in the feasibility study as evidence to support the use of monitored
natural attenuation as part of the final remedy for the facility. The results of natural

attenuation sampling are provided in this RI.

Technical Memorandum VIII: Results of the Supplemental Off-site Groundwater

Characterization and Proposed Monitoring Well Locations for the facility (PSC,

2002¢)

This work was part of the nature and extent characterization conducted in accordance

with the Final Supplemental Off-Site Groundwater Characterization Work Plan (PSC,
2000h). This memo summarized the results of direct push groundwater samples
collected as part of the Technical Memorandum VII proposal. The data were used to
propose permanent monitoring well locations west of East Marginal Way in support

of the RF1 Well Installation Work Plan.

Technical Memorandum IX. Proposed Sampling Locations for the Supplemental Off-

Site Groundwater Characterization (PSC, 2002n)

This memorandum was prepared as part of the nature and extent characterization
conducted in accordance with the Final Supplemental Off-Site Groundwater
Characterization Work Plan (PSC, 2000h). The memo identified data gaps made
apparent by the sampling results summarized in Technical Memorandum VIII, and
proposed additional work to fill the data gaps. Five direct push boring locations

sampled at multiple intervals were proposed. In addition, the installation of another
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boring near well nest CG-140 was also proposed to verify that the wells in the CG-

140 nest are screened in the most contaminated zone of the shallow aquifer.

Technical Memorandum X: Proposed Sampling Locations for the Supplemental Off-
Site Groundwater Characterization (PSC , 2003b).

This work was part of the nature and extent characterization conducted in accordance
with the Final Supplemental Off-Site Groundwater Characterization Work Plan (PSC,
2000h). This document provided the data from the Technical Memorandum IX field

work and proposed two new direct push groundwater sampling locations that assisted

PSC in filling chemical data gaps in the shallow aquifer near direct push location

Q32.

Technical Memorandum XI, Supplemental Off-Site Characterization, Proposed

Sampling Locations for the Supplemental Off-Site Groundwater Characterization
(PSC. 2003¢) |

This work was part of the nature and extent characterization conducted in accordance
with the Final Supplemental Off-Site Groundwater Characterization Work Plan (PSC,
2000). This document proposed ten new direct push groundwater sampling locations
that assisted PSC in filling chemical data gaps in the shallow aquifer related to the

inhalation pathway interim measure.

Technical Memorandum XII, Supplemental Off-Site Characterization (PSC, 2003f)

This work was part of the nature and extent characterization conducted in accordance
with the Final Supplemental Off-Site Groundwater Characterization Work Plan (PSC,
2000h). This document provides the data from the Technical Memorandum XI field
work. The purpose of the work was to characterize areas lacking adequate
groundwater characterization data, based on the results of the Technical

Memorandum I: Inhalation Pathway Interim Measure (FW, 2003) to proceed with the
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Tier 1 and Tier 2 evaluations.

2.5 Interim Measures History

PSC currently has three interim measures are in place or in progress. The interim measures
include an SVE system, depressurization systems to eliminate the groundwater to indoor air
pathway (the inhalation pathway), and a subsurface barrier wall that will provide hydraulic
control of groundwater. Final re;nedies will be considered as part of the FS, which will be

produced after the Final RI Report is approved.

251 Soil Interim Measure

An interim measure to address soil contamination in the source area was installed in accordance
with the requirements of the 1991 facility Part B Permit. In 1993, an Interim Measures Design
and Implementation Work Plan (BEI, 1993d) was submitted to EPA, which provided
specifications for the construction of an SVE system. In March 1994, an SVE system was

installed in the North Field area of the facility, with the following objectives:

e Reduce the VOC concentrations within the vadose zone just above the groundwater table;

e Prevent or minimize the further spread of contamination, thereby stabilizing conditions at

the facility while long-term remedies are pursued; and

e Reduce the contaminant concentrations of preformed vapors that may be migrating

offsite.

SVE systems are designed to desorb volatile contaminants from unsaturated soil by vacuum )
extraction. The extracted air is treated to breakdown the contaminants before being released into

the environment.
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The SVE system consists of four SVE wells, V1, V2, V3, and V4 and originally included a
catalytic oxidation unit (CATOX), which was the air treatment system. The SVE wells are

screened in the vadose zone. Well construction information is provided in Section 4.0.

The SVE system had the highest removal rate during the first year of operation, after which time
the removal rate dropped gradually, showing a tailing effect (PSC, 1998a). Approximately
19,051 Ibs. of VOCs have been removed using the system. The system was turned off from
February to August 1996 to allow the vadose zone to re-equilibrate; however, after resuming
system operations, no increase in contaminant removal was observed. EPA and Ecology did not
approve PSC’s May 1998 request to turn the system off. Therefore, in 2000, PSC redeveloped
the SVE wells to determine whether the well screens could be cleaned and performance of the
system could be improved. However, this did not make a significant impact on the system’s

performance.

In 2002, PSC replaced the air treatment system on the SVE system, the catalytic oxidation
system, with granular-activated carbon (GAC). On October 15, 2002, a pilot study was
conducted to determine if GAC would be effective in treating the air stream from the SVE
system. The pilot study found an unidentifiable source of acetone in the outlet air sample from
the GAC unit. An effort made to determine the source of the acetone was unsuccessful, and PSC
decided to replace the GAC with virgin carbon and rerun the pilot study. The carbon bed was
replaced on January 28", and the pilot study was rerun on February 7". Potential ambient air
concentrations resulting from VOC concentrations in the post-treatment air stream from the
second study were modeled using the USEPA SCREEN3 air emissions model. The modeled
values did not exceed the applicable cleanup levels for air. Ecology gave approval to restart the
system on May 5, 2003. The system was restarted on May 8, 2003, at a removal rate of 120 -
standard cubic feet per minute (SCFM), which is the maximum rate at which air can be removed
without also removing groundwater from the wells (PSC, 2003j). The first monthly sampling

event was completed on June 25, 2003. Sample results from the SVE system since the GAC was
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put in place indicate an average removal rate of 2.71 pounds per day of total VOCs. GAC

removal efficiency was 98.34%.

252 Groundwater Interim Measures

In June 2001, EPA and Ecology required that PSC implement groundwater interim measures

with the following objectives:

o Establish hydraulic control of the NAPL and dissolved plumes emanating from the
facility.

o Ensure that groundwater is not being used as drinking water or for other purposes such as

gardening or industrial purposes.

s Prevent indoor inhalation exposure of residents and workers located between the PSC
Georgetown Facility and Duwamish Waterway in areas known or reasonably expected to
have volatile organic contamination in the upper portion of the shallow aquifer. In
addition, the agencies required that PSC install an interim measure at 710 South Lucile

Street without further analysis.
Each of these interim measures is discussed in more detail in the following subsections.

PSC met with EPA and Ecology on July 10, 2001, to discuss the timing of the interim measures
implementation at the facility. PSC expressed concerns that a work plan for an interim measure
to establish control of the plumes could not be adequately prepared by September 1, 2001, owing
to the complexity of the task. The agencies agreed that the interim measure work plan would
include a focused feasibility evaluation of technologies and a schedule for completing additional
work plans that will be required before an interim measure for hydraulic control could be

implemented.
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In August 2001, PSC submitted the Draft Groundwater Interim Measures Work Plan to Ecology
to satisfy the work plan requirement in the June 28, 2001 letter. The Draft Groundwater Interim
Measures Work Plan summarized the actions that have been taken and that will be taken to

further ensure that there are no human exposures to contaminated groundwater in the area to the

west and southwest of the facility.

This work plan contained a general apprdach for the scope of work for the IPIM and the HCIM.
The purpose of the HCIM was to prevent exposures from contaminants in groundwater migrating

into indoor air.

The Draft Groundwater Interim Measures Work Plan also provided specific methodologies for
the groundwater use survey interim measure. This interim measure was a requirement to
increase the response rate to an earlier survey conducted by PSC of home and business owners in
the area downgradient of the facility to determine if anyone uses groundwater for any purpose

including drinking water, gardening, or industrial use.

PSC submitted a permit modification to Ecology to propose that two separate work plans be
prepared to provide specific methodologies for the inhalation pathway interim measure and the
hydraulic control interim measure. This permit modification was approved and PSC prepared

the two additional work plans, which are discussed in further detail below.

2521  Requirement to Determine Groundwater Use

In March 2002, PSC submitted the Draft Groundwater Use Update Report (PSC, 2002d), which
summarized the work conducted to determine if anyone downgradient of the facility was using
groundwater for drinking, agricultural use/gardening, or industrial use. A series of groundwater
use surveys was conducted by mail in the area downgradient (as groundwater flows) from the

facility where groundwater concentrations exceeded drinking water cleanup levels. A total of
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‘four mail surveys were conducted, prior to and after the interim measure requirement, to gain a
thorough understanding of potential groundwater use in the area. The surveys were mailed on
July 6, 2000; March 6, 2001; September 24, 2001; and December 21, 2001. Following the mail
survey, a telephone survey was implemented in attempt to contact people who did not respond to
the mail survey. The telephone survey was conducted in December 2001. The total response rate
to all surveys conducted for this purpose was 73%. Of the 48 buildings in the survey area, PSC
did not receive responses from. 13 of the buildings as they either could not be contacted (wrong
address, no phone number, etc.) or they refused to participate in the survey. Tﬁe results of the
sur\‘/eys indicated that groundwater in the area was not being used by area residents and
businesses. In addition to conducting these surveys, PSC also conducted a thorough records
search to search for drinking water or industrial wells at Ecology, the EPA Office of Water’s
Public Water System Database, and the Seattle-King County Public Health Department Water
System Database. No viable drinking water or industrial supply wells were identified between

the facility and the Duwamish Waterway.

2.5.2.2  Requirement to Implement Inhalation Pathway Interim Measures

In August 2002, the Revised Inhalation Pathway Interim Measures Work Plan (FW, 2002) was
submitted to Ecology. The purpose of the work proposed in this work plan was to determine
whether residents and workers in the vicinity of the facility are being exposed to concentrations
of chemicals migrating from contaminated groundwater into indoor air. This determination was
made through the use of the IPIM Decision Tree. The IPIM Decision Tree is a tiered approach
for evaluating specific locations in the affected area on a quarterly basis at least until a final
remedy for the facility is implemented. The approach consists of three steps: 1) develop site-
specific groundwater to indoor air volatilization factors (GIVFs) that represent the relatibnship of
concentrations of VOCs in groundwater and concentrations in indoor air; 2) use the GIVFs to
develop site-specific risk-based inhalation pathway interim measure action levels (IPIMALs) for

each constituent of concern in groundwater throughout the affected area; and 3) use the IPIMALSs
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and the decision tree to determine if indoor air concentrations of VOCs would potentially be

above levels of concern.

Each quarter, PSC compared groundwater IPIMALs with groundwater concentrations for each
well location in Study Area 2 to determine if the resulting cumulative inhalation risk (from vapor
intrusion) exceeds 1E-05 or a hazard index (HI) of 1*. PSC then used the IPIM Decision Tree to
determine the need for further evaluation or interim measures at individual buildings.
Groundwater IPIMALSs were also compared with groundwater concentrations already obtained
from well and hydropunch samples downgradient of the facility. The first four quarterly
analyses of groundwater monitoring data were provided in four separate technical memorandums

(as listed below).

Revised Inhalation Pathway Interim Measure, Technical Memorandum I, Development of
GIVFs, Evaluation of Tier 3 Data from GIVF Study, and Evaluation of 2nd Quarter 2002
Groundwater Data, with Foster Wheeler and Pioneer Technologies (FW, 2003)

The IPIM Technical Memorandum presented the approach and the results of the first evaluation
performed under the IPIM Work Plan. This technical memorandum provided the following

information;

* The results of the GIVF Study that was performed to gather site-specific data to develop
the GIVFs;

* Per WAC 173-340-700(5)(b)(c), PSC will evaluate the chemical-specific toxicity information to determine if it is
appropriate to segregate the hazard quotients by target organ/critical effect (if the CEF for noncarcinogens is greater
than 10). If the toxicity information indicates that it is appropriate to segregate the His, then the decision rules for
evaluating the segregated HIs are as follows: If any of the segregated HIs are greater than 1, then the building will
be proposed for Tier 4. If all of the segregated HIs are less than 1, then the building will be evaluated further during

the next round of groundwater sampling.
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e The GIVFs;
e The IPIMALSs for groundwater;

e The initial list of Tier 3 buildings based on the first quarter 2003 groundwater data and

recent reconnaissance borings; and

e The initial list of Tier 4 buildings based on the results of the GIVF Study and the first

quarter 2003 groundwater data and recent reconnaissance borings.

Inhalation Pathway Interim Measure Technical Memorandum 2, Tier 1 and Tier 2 Evaluations of

3rd Quarter 2002 Groundwater Data by Pioneer Technologies Corporation (PTC, 2003a)

The purpose of this IPIM Technical Memorandum 2 (Tech Memo 2) was to present the results of
the evaluation of 3rd Quarter 2002 groundwater monitoring data with IPIMALs in accordance

with the [PIM Work Plan (FW, 2002).

Inhalation Pathway Interim Measure, Technical Memorandum 3, Tier 1 and Tier 2 Evaluations

of 4th Quarter 2002 Groundwater Data by Pioneer Technologies Corporation (PTC, 2003b)

The purpose of this IPIM Technical Memorandum 3 (Tech Memo 3) was to present the results of
the evaluation of 4th Quarter 2003 groundwater monitoring data with IPIMALs in accordance
with the IPIM Work Plan (FW, 2002).

Inhalation Pathway Interim Measure, Technical Memorandum 4, Tier 1 and Tier 2 Evaluations

of 1st Quarter 2003 Groundwater Data by Pioneer Technologies Corporation (PTC, 2003c)

The purpose of this IPIM Technical Memorandum 4 (Tech Memo 4) was to present the results of
the evaluation of 1st Quarter 2003 groundwater monitoring data with IPIMALs in accordance

with the IPIM Work Plan (FW, 2002). In addition, 13 additional groundwater reconnaissance
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borings stations were sampled at the water table to fill in data gaps identified during previous

characterization.

Final Depressurization System Design Document, Georgetown Facility, Seattle, Washington, by

Pioneer Technologies, Advanced Radon Technologies (PTC/ART, 2003a)

This work plan describes how the IPIMs will be implemented at the buildings identified in Tech
Memo 1 (FW, 2003), Tech Memo 2 (PTC, 2003a), and Tech Memo 3 (PTC, 2003b), Tech Memo
4 and any other future analysis of [PIMs. This is a general work plan that was developed to
describe the technical specifications for typical IMs that will be constructed at residential and

commercial buildings. The information contained in this work plan applies to all buildings.

By the end of 2003, approximately 50% of Tier 3 (further sampling required) projects will be
completed, with reports pending on some buildings. In addition, all initial Tier 4 (install [PIMs)
projects will be completed for buildings that PSC was allowed access to. PSC will continue with

these projects through 2004 until they are completed.

2523  Requirement to Implement Inhalation Pathway Interim Measures at 710 S.

Lucile Street

Supplemental Groundwater Interim Measures Work Plan for the Groundwater to Indoor Air

Pathway: Stone, Drew/Ashe & Jones Building, 710 South Lucile Street, Seattle, Washington
(PSC, 20011)

The purpose of this work plan was to provide methodology for diagnostic testing, general system

installation, and system confirmatory testing. The revisions were based on comments received
from EPA on the August 2001 draft of this plan. This work plan was originally prepared as a
result of the determination of buildings requiring interim measures for the groundwater to indoor
air pathway as described in the Draft Groundwater Interim Measures Work Plan, which was

submitted to the agencies on August 31, 2001.
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Final 95% Design Supplemental Groundwater Interim Measures Work Plan, Revision 1 for

SDAJ, with PSC, Pioneer Technologies, and Advanced Radon Technologies (PSC/PTC/ART,
2003)

This plan presents the process that will be followed to implement the interim measure selected

for the property located at 710 South Lucile Street, Seattle, WA. The purpose of this report was
to provide the results of a Pilot Test that was performed on November 16, 2002 per the
Groundwater Interim Measure Work Plan (PSC, 2001g) and to make revisions-to this plan based
on comments received from Ecology and the property owner on two previous drafts of the plan

dated May 2002 and September 2002.

Inhalation Pathway Interim Measure, Proposed Depressurization System Design for 710 South

Lucile Street, Seattle, WA, prepared by Pioneer Technologies with Advanced Radon (PTC/ART,

2003b)
This plan was developed to provide a building specific design to the owners and Ecology. PSC

proposed two options for the owners to use for the final design, both of which would work
equally well. As of October 2003, PSC and SAD agreed to terms of access and a design and

plans for installation are underway.

2524  Requirement to Implement Hydraulic Control Interim Measures

Revised Draft Hydraulic Control Interim Measures Work Plan, Georgetown Facility, Seattle,

Washington, (PSC/URS. 2002)

This work plan outlines additional fieldwork required for the design of a HCIM that has been
proposed for the facility. The proposed HCIM is a barrier wall that surrounds the source area and
is anchored into the silt unit at the base of the intermediate aquifer. The objectives of the

investigation were as follows:

e Determine the maximum extent of source zones potentially present to the east and north

of the facility
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* Collect information concerning the location of the silt aquitard to the east and north of the

facility
* Collection of geotechnical data for use in designing the slurry barrier
e Collect samples for compﬁti-bility testing for _usé in designing the slurry barrier
These data were collected to fill the data gaps in the facility investigations and to provide

information necessary to design the barrier wall. The results were summarized in the Final

Hydraulic Control Interim Measure Construction Work Plan.

Final Hydraulic Control Interim Measure Construction Work Plan, Volumes I and II,

Georgetown Facility, Seattle, by URS and Geomatrix (URS/Geomatrix, 2003)

This document presented the planned approach to implementing the HCIM in accordance with
the requirements in the permit. This plan provides engineering specifications for the construction
of the barrier wall including a construction plan, operating and maintenance plan, and a schedule

for work and reporting.
The HCIM was design to achieve the following objectives.

» Encircle near-facility impacted groundwater extending into the uppermost aquitard with a

barrier wall.

» Recover groundwater within the barrier wall to reduce the groundwater level within the
wall and to maintain an inward groundwater gradient of 1-foot differential with

groundwater outside the barrier wall.
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+ Treat and discharge recovered groundwater in accordance with applicable state and

federal regulations.

« Implement construction and construction quality assurance procedures to ensure the

barrier wall is installed properly and attains design performance standards.

« Develop a performance 1ﬁonitoring plan and system to confirm the barrier wall and

groundwater recovery system design objectives.

To date, approximately fifty percent of the wall has been constructed and it is expected that the

wall will be completed by the end of 2003.
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Table 2-1

Closed Solid Waste Management Units

PSC Georgetown Faciliity

Source Unit

Period of RCRA Use

Waste Type

Notes

Drum Storage
Area A

1950s°1970s Drum Storage by
Preservative Paint Company

1975-1980 Drum storage

U+C17nknown

Drums of solidified asphalt, non-
hazardous

Soil or asphalt surface by 1974. Metro reported
some drums leaking in 1979. Drums removed in
1980. Sent to Pier 91 Facility for treatment.

Empty drum
storage area B

1950s-1980 Preservative Paint Co.
empty drum storage leased on
easement outside fence

Empty drums previously contained
solvents and solvent sludges

Empty drums were stored prior to being sent of-
site for 1 reconditioning. Storage ceased in
1980.

Drum storage
area C

Prior to 1985

Solvents, resins

Drums removed in 1985.

storage tank

Receiver tank for 1950s-1970 Re-distilled solvents Concrete containment. Tank removed in 1976
distillate due to tank leakage within containment.
Inoractive 1970-1976. Removed 1976.
Sludge rinsate 1950s-1970 Preservative Paint paint booth Out of service 1970-1980. Removed 1980.
tank sludge rinsate
Tank #841 rail 1980-1987 Recyclable and recycled solvent 1982 Concrete paving with berm added. Rail
tanker tanker decontaminated and removed in 1987.
Tank #881 rail 1970-1976 Solvent 1982 Concrete paving with berm added. Rail
1976-1982 Cyanide waste tanker decontaminated and removed in 1987.
1982-1987 Cyanide sludge
Storage tank 1974-1975 Paper mill liquor solution
(vinyl)
Cyanide 1976-1977 Cyanide waste Tank removed in 1987.
treatment tank
Oil/water Prior to 1977 Oily wastewater Inactive 1980-1988.
separator
1977-1980 Cyanide wastes, paints, listed
solvents, chrome
Paint booth rinse 1978-1980 Paint booth rinse Abandoned before 1980.
storage tank
Cyanide waste 1978-1980 Low concentration cyanide waste Containment: concrete or unpaved dirt.

Removed in late 1980.

Tank 1 1950s or 1960s-1970 Vinyl acetate monomer for latex 1980-1982 Tanks passed integrity test. Some
manufacture ventlines failed but did not contain dangerous
1973-1974 Gasoline product waste or product. October 1987: tanks were
1974-1978 Product solyent emptied, certified for removal by a marine
Tank 2 1950s or 1960s-1978 Solvents chemist, decontaminated and scrapped. Some
Tank 3 1950s or 1960s-1987 Recycled solvents contaminated soil was removed and excavation
Tank 4 1950s or 1960s-1987 Recycied solvents was partially backfilled with excavated soil, lined|
Tank 5 1950s or 1960s Solvent with visqueen, and returned to grade with clean
1970s Linseed oil for manufacture of alkyd| backfill. Concrete debris from tank excavation
Tank 6 1950s or 1960s Solvent passed E toxicity and fish bioassay tests, and
1970s Linseed oil for manufacture of alkyd was approved for offsite disposal at a
1978-1987 Solvent demolition debris landfill. November 1987: area
Tank 7 1950s or 1960s Solvent covered by concrete pad and containment
1970s Linseed oil for manufacture of alkyd berms for use as container storage pad.
1978-1987 Solvent
Tank 8 1950 or 1960s-1970 Unknown Same as Tanks 1-7 except area was paved with
1970s-1980 Linseed oil concrete and used for company vehicle parking
Tank 9 1950s or 1960s-1987 Mineral spirits
Tank A 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1986 Solvent
Tank B 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1986 Soivent
Tank C 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1986 Soivent
Tank D 1950s or 1960s-1970 Unknown Same as Tanks 1-7
‘ 1970-1986 Solvent
Tank E 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1986 Solvent
Tank F 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1986 - Solvent
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Table 2-1

Closed Solid Waste Management Units

PSC Georgetown Facililty

Source Unit Period of RCRA Use Waste Type Notes
Tank G 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1986 Solvent
Tank H 1950s or 1960s-1970 Unknown - Same as Tanks 1-7
1970-1986 Recycled solvent
Tank | 1950s or 1960s-1970 Unknown Same as Tanks 1-7
1970-1980 Solvent Inactive 1980-1986
Tank J 1950s or 1960s-1970 Unknown
1970-1986 Solvent Same as Tanks 1-7
Tank K 1950s or 1960s-1970 Unknown
1970-1986 Solvent Same as Tanks 1-7
Tank L 1950s or 1960s-1976 Unknown Same as Tanks 1-7
1976-1984 Cyanide waste
1984-1987 Bleach for decontamination
Tank M 1950s or 1960s-1976 Unknown Same as Tanks 1-7
1976-1984 Cyanide waste
1984-1987 Bleach for decontamination
Tank N 1950s or 1960s-1976 Unknown Same as Tanks 1-7
1976-1984 Cyanide waste
1984-1987 Bleach for decontamination
Tank O 1960-1970 Unknown Same as Tanks 1-7
. 1970-1981 Cyanide waste Qut of service 1981-1987
Underground 1950s or 1960s-1981 3 solvents and bleach lines, 1 Installed in early 1950s or 1960s with

Transfer Lines

linseed oil line, 2 soybean oil lines
and 1 water line

underground storage tanks. Pipes were

severed, drained and capped when taken out of]
service in 1981. Sections of pipe within area of
underground tank excavation were removed in

October 1987.

Source: Solid Waste Management Unit Report (Chempro, 1988)
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FINAL COMPREHENSIVE
REMEDIAL INVESTIGATION REPORT
GEORGETOWN FACILITY

3.0 PHYSICAL DESCRIPTION AND SETTING

This section describes the physical setting of the facility and surrounding area. The description
includes the following elements: physiography and vegetation, surface water features, climate,

geology, and hydrogeology.

3.1  Physiography and Vegetation

As shown in Figure 3-1, the facility is located within the Duwamish Basin, which lies south of
downtown Seattle, Washington. The basin essentially consists of a linear valley situated
between two north-south trending drumlinoid ridges. The basin lies within the Pugef Sound
Lowland, a physiographic/hydrologic province bordered b the Fraser River Valley on the north,
the Cascade Range on the east and the Olympic Mountains on the west. This province is shown

in Figure 3-2.

In the Georgetown area, most of the land on the Duwamish Valley floor is developed, so very
little vegetation is present overall. However, some of the upland areas to the west and to the east
of the valley floor are undeveloped, especially the steeper slopes. In these areas vegetation
density varies from very sparse (e.g., at bedrock exposures) to dense. The native species that
inhabit poorly drained slopes include fir, cedar, alde,r and madrona and understory species such
as huckleberry, Oregon grape, salal, and blackberry (Morgan and Jones, 1995). Well-drained
soils overlying coarse-grained outwash deposits are inhabited by wild grasses, bracken fern,

Scotch broom, fir, and oak (Morgan and Jones, 1995).

The Duwamish Basin has a history of industrial, commercial, and residential land use. In the
Georgetown neighborhood of south Seattle, land use is mixed industrial and residential. Most of
the developed land in the area lies on the nearly level valley floor, with elevations ranging
approximately from sea level (zero) to 25 feet. The highlands to the west and to the east

generally vary in elevation from approximately 300 to 500 feet above mean sea level (MSL).
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3.2 Surface Water Features

The Duwamish Basin is named for the Duwamish River, which drains it. The Duwamish River
originates at the confluence of the Green and Black Rivers in Tukwila, and terminates at its
mouth at the south end of Elliott Bay, an arm of Puget Sound. The lower 4.5 miles of the river is
called the Duwamish Waterway (Fabritz et al, 1998). The mouth of the waterway consists of two
main channels, the West Waterway and the East Waterway. The basin, which is about 13 miles
long, is bounded on the west by the highlands of west Seattle, and on the east by the highlands of
Beacon Hill. The Duwamish River flows predominantly northward and slightly westward

between its'origin and its mouth.

Figure 3-1 shows that, other than the Duwamish Waterway, no surface water bodies are known
to be present within one mile of the facility. However, several prominent surface water features
exist in the region surrounding the Duwamish Valley. Lake Washington is about two to three
miles east of the waterway, but is part of a separate drainage. Elliott Bay bounds the Duwamish
Valley on the north. Puget Sound lies about three miles west of the waterway, on the other side

of a long, north-south trending highland.

Channel Characteristics and Discharge. Santos and Stoner (1972) described changes to the
Green-Duwamish River basin prior to 1917. Bortleson et al (1980) compiled a detailed map of
the former river channel and a historical summary of environmental changes to the shoreline and
wetland at the Duwamish River and Elliott Bay. By 1917 the channel of the lower portion of the
Duwamish River was straightened and dredged for navigation. The configuration of the river
channel prior to extensive modification can be seen in an old USGS topographic map reproduced
in Figure 3-3, which shows it to have a meandering form. Waterway development resulted 1n the
abandonment of about 12.5 miles of former riverbed (Booth and Herman, 1998). These areas

and other lowlands were filled with material excavated from the former riverbed.
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The waterway’s present channel is about 400 to 450 feet wide (estimated from topographic map;
USGS, 1973) in the vicinity of the Georgetown neighborhood. The depth of the channel varies
from approximately 49 feet below mean lower low water (MLLW) at the mouth, to 13 feet above

MLLW at the 16™ Avenue South bridge (river mile 5.9) (King County, 1999).

The Duwamish Waterway is fed by the Green River, which is regulated for flood control at the
Howard Hanson dam. However, due to storm runoff and snowmelt, the volumetric discharge
varies from day to day (King County, 1999). Dawson and Tilley (1972) report that the fresh-

water discharge rate varies from 200 to 12,000 cubic feet per second (cfs).

Tidal Influence. The Duwamish Waterway is tidally influenced, primarily due to tidal forcing at
its mouth, in Elliott Bay. Tides ranging from —4.6 to +14.8 feet MLLW have been observed at
the waterway, and tide-induced flow reversals have been observed as far upstream as 13 miles
from the mouth, in the Green River (King County, 1999). The National Ocean Service (NOS)
reports the MSL datum for Seattle, Puget Sound as 2.021 meters (NOS, 1996) referenced to
MLLW, or 6.631 feet MLLW. By subtraction then it is deduced that tides have been observed in
the range from about —11.2 to +8.2 feet MSL.

Duwamish River Salinity. King County (1999) presents time series of salinity observed at three
monitoring stations on the Duwamish River, over a period of approximately six months. At each
station, salinity was measured hourly at various depths, including one meter below the water
surface, one meter above the channel bottom, and at an intermediate depth. These data were
used to calibrate a hydrodynamic and chemical transport model of the Duwamish Waterway and
Elliott Bay (King County, 1999). Data from two of the stations are potentially relevant to
groundwater flow in the area surrounding the facility — the Spokane Street bridge station and the
16™ Avenue South bridge station. The third station is located near the Duwamish Yacht Club,

which is located further upriver.
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All of the salinity time series presented by King County (1999) have prominent diurnal and
semidiurnal fluctuations, evidently tide-induced. Table 3-1 lists the time-average salinity
measurements at each depth, for both stations. At each station the time-average salinity
increases with water depth. Because water density is an increasing function of salinity, the
average density also increases with depth, indicating the estuary is, on average, stably stratified.
This is consistent with the findings of previous investigations (Dawson and Tilley, 1972; Santos

and Stoner, 1972; Prych et al 1976).

Hart Crowser, Inc. (1992) present Duwamish River salinity and temperature data collected from
transects located southwest of the facility. Their data include results from over 100 water
samples collected over an 11.5-hour period. Because the sampling period is short relative to the
time series presented by King County (1999), the results obtained by Hart Crowser are less likely

to be representative of long-term average conditions at the waterway.

3.3 Climate

The following description was paraphrased from the National Climatic Data Center sﬁmmary for
the region surrounding the Seattle-Tacoma (SeaTac) International Airport weather station
(NCDC, 2000); it applies to the Duwamish Basin as well. Figure 3-4 shows that SeaTac Airport
is approximately eight miles south of the facility; the city of Tacoma is approximately 25 miles

south of Seattle.

The mild climate of the Pacific Coast is modified by the Cascade Mountains, and to a lesser
extent, by the Olympic Mountains. The climate is characterized by mild temperatures, a
pronounced though not sharply defined rainy season, and considerable cloudiness, particularly

during the winter months.
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The Cascades are very effective in shielding the Seattle-Tacoma area from the cold, dry
continental air during the winter, and from the hot, dry continental air during the summer. The
extremes of temperature that occur in western Washington are the result of the occasional
pressure distributions that force the continental air into the Puget Sound area. But the prevailing
southwesterly circulation keeps the average winter daytime temperatures in the 40s (degrees
Fahrenheit) and the nighttime readings in the 30s. During the summer, daytime temperatures are
usually in the 70s with nighttime iows in the 50s. Extremes of temperatures, both in the winter

and summer, are usually of short duration.

The middle of the dry season occurs in July or early August, with July being the driest month of
the year. The rainy season extends from October to March, with December normally the wettest
month. However, precipitation is rather evenly distributed throughout the winter and early
spring months, with more than 75 percent of the yearly precipitation falling during the winter wet
season. Most of the rainfall in the Seattle area comes from storms common to the middle
latitudes. These disturbances are most vigorous during the winter as they move through western
Washington. The storm track shifts to the north during the summer, and those storms that reach
the state are not the wind and rain producers of the winter months. Local summer afternoon
showers and a few thunderstorms occur in the Seattle-Tacoma area but they contribute relatively

little precipitation.

The occurrence of snow in the Seattle-Tacoma area is extremely variable. Fallen snow usually
melts before accumulating measurable depths. There are winters on record with only a trace of
snow, but at the other extreme, over 21 inches has fallen in a 24-hour period. Usually, winter
storms do not produce snow unless the storm moves in such a way to bring cold air out of

Canada directly, or with only a short over-water trajectory.

The highest winds recorded in the Seattle-Tacoma area were associated with strong storms

crossing the state from the southwest. Prevailing winds are from the southwest but occasional
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severe winter storms will produce strong northerly winds. During the summer months winds are
relatively light, with occasional land-sea breeze effects creating afternoon northerly winds of 8 to
15 miles per hour. Fog or low clouds that form over the southern Puget Sound area in the late
summer, fall, and early winter months often dominate the weather conditions during the late
night and early moming hours, with visibility occasionally lower for a few hours near sunrise.
Most of the summer clouds form along the coast and move into the Seattle area from the

southwest.

Table 3-2 shows the average monthly total precipitation data for three weather stations in the
vicinity of the facility. The King County Airport station is approximately two miles south-
southeast of the facility, and is within the Duwamish Valley. The floor of the Duwamish Valley
is relatively level, so topographically related spatial variations in precipitation within the valley
are unlikely. Thus, variations in total monthly and total annual precipitation between different
locations within the basin are expected to be insignificant. For these reasons the precipitation
data from the King County Airport are considered to be representative of conditions at the

facility.

The Portage Bay station is about seven miles north of the facility, while the SeaTac Airport
station is about eight miles south of the facility. The periods of record for these stations are
approximately 25 and 51 years, respectively. In contrast, the period of record for the King
County Airport station is about 18 years. Furthermore, the period of record for the King County
Airport station ends in 1965, whereas that for the SeaTac Airport station continues through 1999.
For every month of the year except September and October, the data from the SeaTac Airport
station more closely approximate conditions at the King County Airport station, than do those

from the Portage Bay station.

Table 3-3 shows the minimum, maximum and mean annual precipitation data for the three

stations. The relative difference between the average total annual precipitation values for the
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SeaTac and King County Airport field stations is only about five percent. The relative difference
between the minimum values for these two stations is approximately eight percent, while the
maximum values differ by about 18 percent. These comparisons show that the total monthly and
total annual precipitation at the SeaTac Airport station are fairly representative of conditions at
the King County Airport and the Duwamish Valley. Therefore, the SeaTac precipitation data are
considered representative of conditions at the facility. Figure 3-5 shows how the average daily

precipitation at SeaTac Airport varies throughout the year.

3.4 Regional Geology

Galster and Laprade (1991) describe the geology of Seattle, Washington, emphasizing geological
engineering considerations. Their stratigraphic sequence and a map of geologic features are

presented in Figures 3-6 and 3-7.

Vaccaro et al (1998) present a detailed summary of the geologic setting of the Puget Sound
Aquifer System, of which the Duwamish Basin is but one relatively small part. The following
description of geologic units is based primarily on the information provided by Booth and

Herman (1998), who described the geology of the Duwamish Basin and surrounding area.

Three principal geologic assemblages exist within the Duwamish Basin and define the

groundwater system. From youngest to oldest, they are:
¢ Duwamish Valley Alluvium;
¢ A sequence of Glacial and Non-Glacial Sediments; and

e Bedrock.
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Each of these assemblages is discussed below, in order of decreasing age.

Bedrock. The bedrock forms basement and bounds the aquifers. Where it is exposed, the
bedrock is composed of marine and continental sedimentary rocks (e.g., claystone, siltstone,
sandstone, and some coal; Morgan and Jones, 1995) and isolated intrusive igneous rocks, all of
Tertiary age (between about 40 and 10 million years b.p. in this locale). It is exposed to the east
and to the south of the Duwamisﬁ Basin. Further north, the upper surface of the bedrock
descends from several hundred to over 1000 feet bgs. Further east, more extensive exposures

suggest the bedrock thickness may exceed 3,000 feet.

Glacial and Non-Glacial Sediments. The sequence of glacial and non-glacial sediments can be
divided into two groups, younger sediments and older sediments. The upland plain areas lying
east and west of the Duwamish Valley are covered by glacial till that was deposited during the
Vashon stade of the Fraser glaciation (Armstrong et al, 1965) approximately 15,000 years b.p. A
sequence of older unconsolidated deposits underlies the Vashon deposits and extends well below

sea level across much of the Duwamish Basin.

The older sediments include coarse- and fine-grained materials that directly overlie the bedrock.
They are highly compacted from one or more episodes of post-depositional glaciation. Also,
weathering has cemented many of the sediments by oxidation. These sediments are exposed at

the present ground surface where erosion has removed the overlying till.

The younger sediments are more horizontally extensive than the older sequence. These
sediments have a variety of textural characteristics and topographic expression, because the
advance and retreat of the ice sheet caused the depositional environment to change rapidly.
These sediments include four units: glacial silt, advance outwash, glacial till, and recessional

outwash.
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The glacial silt consists of laminated silt and clay, and is generally encountered at elevations less
than 200 feet MSL. This unit, which is a regiona.lly significant aquitard, in part forms the
trough-like lower boundary of the Duwamish Valley alluvium described below (Fabritz et al,
1998).

The advance outwash unit, being of fluvial origin, is relatively coarse-grained. The broad
uplands on both sides of the Duwamish Valley are underlain by this unit, whose thickness varies
from less than 50 feet to as much as 300 feet. In the upland areas, this deposit is the primary

shallow aquifer.

The glacial till consists of compact, heterogeneous sediment, typically several feet thick. Across
the tops of the upland areas the glacial till is nearly continuous, but on their flanks it has been
removed by erosion. Where present, the till tends to reduce the recharge to underlying aquifers

owing to its relatively low permeability.

The recessional outwash consists of stream channel deposits and localized gravel and sand

deposits. These deposits can form perched aquifers overlying the till.

Duwamish Valley Alluvium. Booth and Herman (1998) suggest that the sediments of the
Duwamish Valley alluvium rest in a trough that was carved by glacial ice, and whose depth may
be on the order of 200 feet bgs along the axis of the valley. The depth is believed to decrease to

the south, and also to the east and west valley walls.

The Duwamish Valley alluvium was divided into a younger alluvium, an older alluvium and
glacially overridden sediments by Booth and Herman (1998). The younger alluvium consists-of
clayey silt, organic silt, and sandy silts and silty sands with abundant organic material (e.g.,

wood fragments). The younger alluvium is typically encountered in the upper 15 to 20 feet of
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the subsurface in the southern part of the basin, and perhaps as deep as -100 feet MSL in the

northern part toward the river’s mouth.

The younger alluvium grades into the coarser, older alluvium with increasing depth. The older
alluvium consists primarily of fine to medium sand. It contains less silt and organic matter than
the younger alluvium. The older alluvium’s thickness varies from about 10 to 30 feet, and its
depth is roughly -30 feet MSL, inA the southern part of the basin. Its depth is about 100 feet in the
center of the valley. Typically the upper two-thirds are sand and silt, while the lower third is

sandy silt. The older alluvium thins to the north and is locally absent.

The glacially overridden deposits typically consist of glacial silts that form the base of the
alluvial sediments as they descend toward the north. In the southern part of the basin these

sediments lie a few tens of feet bgs, and in the north as much as 200 feet bgs.

3.5 Local Geology

The information presented in this section is based on the findings of various field investigations.
These results consist primarily of boring logs, which contain data on the inferred depth,
thickness, lithology and other properties of subsurface materials. Table 3-4 lists the PSC borings
for which information on the local geology is available. These include borings that were
completed as part of environmental and/or geotechnical investigations of the facility. The
locations of the borings are shown in Figures 3-8 and 3-9. Copies of the boring logs are
presented in Appendix 3-A. Figure 3-10 shows the locations of two geologic cross-sections that
have been constructed using data from a subset of these borings. Figure 3-11 is Section A-A’
and is constructed perpendicular to the groundwater flow direction and includes borings in the
vicinity of Denver Avenue. Figure 3-12 is Section C-C’ and is parallel to the groundwater flow

and covers an area from the Duamish Waterway to the site.
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The following five geologic units, listed in order of increasing depth, have been identified from

logs of soil borings:

Shallow Sand Unit (including fill);
» Intermediate Sand and‘ Silt Unit;

o  Silt Unit;

» Deep Sand and Silt Unit; and

« Bedrock.

The upper four units are part of the Duwamish Valley alluvium regional geologic unit described

by Booth and Herman (1998).

Shallow Sand Unit. The shallow sand and gravel unit consists of poorly graded, fine to medium
sand with fine gravel. Organic matter (e.g., wood or other fibrous vegetative material) is
commonly present, at levels varying from “trace” to “abundant”. The thickness of this unit

varies approximately from 21 feet (CG-111-I) to 46 feet (F9) at the PSC borings.

The upper portion of this unit consists of fill, which was emplaced during the industrial
development of the area. The lower portion is composed of Duwamish River deposits
(alluvium). In some areas the fill is composed of material that was dredged from the Duwamish
River. Consequently the silts and sands of the fill may be difficult to distinguish from the native

alluvium (Booth and Herman, 1998).

The shallow sand unit grades into the intermediate sand and silt unit.
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Intermediate Sand and Silt Unit. The intermediate sand and silt unit consists of interbedded silty
sand and sandy silt lenses, with thicknesses from 0.1 foot to more than one foot. The lenses are
discontinuous and cannot be correlated between borings. In contrast to the shallow sand unit,
wood debris and other organic material is prevalent at many locations. Shell fragments were
encountered in most borings. These sediments are apparently of fluvial and marine origin,

possibly deposited in an estuary.

At the PSC borings where this unit was penetrated, its thickness varies from approximately 13
feet (CG-101-I) to 68 feet (F9). For some off-site borings (K10, Y26, H14, M29) it is not
possible to distinguish the intermediate/shallow contact. Where identifiable the contact dips to

the west-southwest, consistent with the overall subsurface topography of the study area.

Silt Unit. The silt unit consists of silt with zero to five percent clay and, at some locations, 20 to
60 percent very fine sand. Clam shells and shell fragments are commonly present, as are wood
fragments in “trace” quantities. Worm burrows, mud cracks, and occasional fine laminations
were reported at some locations (e.g., at CG-102-D, CG-104-D). This material likely was

deposited in a calm tidal environment, or in a floodplain as riverine overbank deposits.

Figure 3-13 shows the elevation of the silt unit’s upper surface. The elevation of the upper surface varies
approximately from -20.1 to —112 feet NAV88 between borings CG-106 and K10. Near the western
boundary of the facility, where the most data are available, the upper surface of the silt unit appears to
slope roughly toward the west and southwest. The depth of the silt unit at boring location K10, located at
5" Avenue and Lucile Street further supports that the unit dips to the west/southwest. This is best

illustrated in cross section C-C’.

Figure 3-14 shows the thickness of the silt unit as inferred from the PSC borings. The silt unit is

continuous across the facility footprint, where its total thickness varies approximately from 11 feet at CG-
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106-D to 50 feet at CG-2D). The thickness encountered at CG-2-D is somewhat anomalous with a
typical thickness near the facility ranging from 14 to 38 feet.

Deep Sand and Silt Unit. The deep sand and silt unit consists of sandy silt with 30 to 40 percent
fine sand and interbedded lenses of silty sand, with gravel and cobbles at some locations (e.g.,
CG-1-D). Wood fragments and clam shells also reportedly were present. The sediments that
comprise this unit are fluvial and marine deposits. This unit was encountered at all of the PSC
“D” series permanent monitoring wells, where the depth of its upper surface varies

approximately from 84 feet bgs (CG-4-D) to over 128.5 feet bgs (CG-2-D).

Little is known about the total thickness of the deep sand unit, because few borings fully
penetrate it. Based on the depth-to-bedrock maps compiled by Yount (1985, 1991), the thickness
of the deep sand and silt unit probably increases rapidly with distance as one moves from the
facility toward the Duwamish River. The following section describes the data on which these

maps are based.

Bedrock. The bedrock unit consists of consolidated sedimentary rock at the one PSC boring
(CG-101-I) where it was encountered. The rock was described as gray interbedded sandstone
and siltstone. The upper few feet of the bedrock (between about 56 and 62 feet bgs) appeared to
be fractured. At greater depths - approximately from 62 to 65 feet bgs - the rock was described
as “very well indurated”. Drilling (by cable-tool method) ceased shortly after the bedrock was

encountered at a total depth of 65 feet bgs.

A log from a geotechnical boring, advanced as part of the high-occupancy vehicle lane
construction at Interstate Highway 5, indicates bedrock (sandstone) was encountered between- 10
and 20 feet bgs (Ecology, 1993). The location of the boring was given as NW'/,, SE'/,, Section
20, T.24.N, R4.E, which-is less than 0.75 mile southeast of the facility.
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A log from another geotechnical boring, this one located near the First Avenue South bridge on
State Highway 509 (Yount et al, 1990), did not encounter bedrock. The total depth of this
boring, which lies southwest of the facility, is 304 feet bgs.

Booth and Herman (1998) concluded that the uplands to the east of the valley are underlain
almost exclusively by sedimentary bedrock of the Blakely Formation. The Blakely Formation is
Tertiary in age, and consists of marine sandstone, conglomerate, and minor amounts of siltstone.

The depth of the Blakely Formation increases both to the west and to the north.

Based on the depth-to-bedrock maps compiled by Yount et al (1985, 1991), the depth to bedrock
is expected to increase rapidly as one moves westward from the facility, to a maximum of about
330 to 660 feet (100 to 200 meters) bgs near the Duwamish Waterway. The maps presented by
Yount et al (1985, 1991) are based on a limited number of field data, but the control is fairly
good in the area surrounding the facility. Horizontal control in this area is provided by the

following data:

. One geotechnical boring located approximately west of the facility with posted depth to
bedrock 95 meters (approximately 312 feet) bgs;

. One geotechnical boring located northwest of the facility, near the intersection of the

Spokane Street bridge and the East Duwamish Waterway;

. Additional geotechnical borings located in the upland area immediately west of the

Duwamish Valley; and

« Bedrock outcrops located east of the facility.
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3.6  Hydrogeology

3.6.1 Hydrogeologic Units and Subsurface Hydraulic Properties
3.6.1.1  Hydrogeologic Units
The following five hydrogeologic units, listed in order of increasing depth, have been defined in

the area surrounding the facility:

Shallow Aquifer;
+ Intermediate Aquifer;
« Silt Aquitard;

» Deep Aquifer; and

Basement Confining Unit.

These units are directly correlated with the local geologic units described above. Table 3-5
shows the relationships between the hydrogeologic units and the local and regional geologic -

units.

Shallow Aquifer. The shallow aquifer corresponds to the shallow sand geologic unit, which
includes surface fill. The shallow aquifer is unconfined, and extends from ground surface to
depths between approximately 21 feet bgs (CG-111-I) and 46 feet bgs (F9) at the PSC borings.
This unit is horizontally continuous, having been encountered at all of the borings in the area.

The thickness generally increases from the area east of the facility, to the west.
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Intermediate Aquifer. The intermediate aquifer corresponds to the intermediate sand and silt
geologic unit. The intermediate aquifer is horizontally continuous across the PSC monitoring
well network, where its thickness varies approximately from 13 feet (CG-101-I) to 68 feet (F9).
This aquifer is bounded above by the shallow aquifer, to which it is hydraulically connected
(Sweet-Edwards/EMCON, 1990). At some off-site borings (K10, H14, Y26, M29) the
distinction between the shallow and intermediate aquifer is difficult to determine. Where
identifiable the contact is consiste;nt with the study area subsurface topography, dipping to the

west-southwest. The intermediate aquifer is considered semi-confined.

At most borings the intermediate aquifer is bounded below by the top of the silt aquitard (see
below). At one boring (CG-101-1) the silt aquitard appears to have pinched out as it approaches
the valley wall. At this location the intermediate aquifer is bounded below by the basement

confining unit.

Silt Aquitard. The silt aquitard corresponds to the silt geologic unit. This unit is continuous
across the facility footprint, and extends beyond the footprint to the southwest. Where
penetrated by the PSC borings, the total thickness of the silt aquitard varies approximately from
14 feet (CG-1-D) to 50 feet (CG-2-D). The depth of its upper surface ranges approximately from

30 to 112 feet bgs at those PSC borings where it was encountered.

Figure 3-14 shows the horizontal distribution and thickness of the silt aquitard in the area
surrounding the facility. The silt aquitard hydraulically confines the underlying deep aquifer.
Figure 3-13 shows the inferred topography of the silt aquitard’s upper surface. The available
data indicate that the upper surface is highest in the area east of the facility footprint and slopes

westward.

Deep Aquifer. The deep aquifer corresponds to the deep sand and silt geologic unit. This unit is

horizontally continuous throughout the boring network. Its upper surface coincides with the
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bottom of the silt aquitard, where the aquitard is present. Where the aquitard is absent, the upper
surface of the deep aquifer coincides with the bottom of the intermediate aquifer. At the PSC
borings, the depth of the deep -aquifer’s upper surface varies approximately from 84 feet bgs
(CG-4-D) to over 128 feet bgs (CG-2-D). The unit’s thickness is greater than 34 feet at boring
CG-5-D. Based on the depth-to-bedrock map compiled by Yount et al (1991), the depth to
bedrock is expected to increase rapidly with distance as one moves westward from the facility, to

about 330 to 660 feet (100 to 200 meters) bgs near the Duwamish Waterway.

Basement Confining Unit. The basement confining unit corresponds to the bedrock geologic
unit. The upper surface of the bedrock may be weathered and fractured. The base of the
weathered zone forms a boundary between the relatively permeable overlying materials (i.e.,
unconsolidated sediments and weathered bedrock) and the relatively impermeable, underlying,
unweathered bedrock. Based on its relatively low permeability, and low recharge in the east

upland area, the bedrock basement is classified as a confining unit.

3.6.1.2  Subsurface Hydraulic Properties

This section describes the hydraulic properties of the hydrogeologic units. These properties

include the following:
+ Hydraulic conductivity
- horizontal hydraulic conductivity
- vertical hydraulic conductivity;

« Porosity; and

« Storage coefficient

- specific yield (unconfined aquifer)

Section 3_Final 11/11/03 3-17



FINAL COMPREHENSIVE
REMEDIAL INVESTIGATION REPORT
' GEORGETOWN FACILITY

- storativity (confined aquifer).

As part of PSC’s investigation of the facility, subsurface hydraulic properties were inferred
(estimated) from various physical test data. These data consist primarily of the results of tests

conducted on subsurface materials. These include field (in situ) tests and laboratory tests.

Table 3-6 summarizes the scope of hydraulic property testing performed as part of PSC’s
investigation of its facility. This table does not include hydraulic property testing that may have
been performed during environmental/geotechnical investigations of other facilities. The results

of the hydraulic property testing are summarized in Table 3-7.

Hydraulic Properties of the Shallow Aquifer

For the shallow aquifer, the greatest amount of variation in horizontal hydraulic conductivity
estimates (Table 3-8) corresponds to the grain-size tests (approximately two orders of
magnitude), followed by the pumping tests (slightly more than one order of magnitude). The
highest estimates from the three types of test are in relatively close agreement, ranging from 1.5

x 102 centimeters/second (cm/s) (slug tests) to 5.3 X 1072 cm/s (pumping tests).

The lower limits of the ranges of horizontal hydraulic conductivity estimates from the slug tests
(3x10° 3 cm/s) and the pumping tests (5.0 X 10~ 3 cm/s) also are in relatively close agreement.
However, the lower limit of the range of estimates from the grain-size tests (4 X 10”* cm/s) is

about one order of magnitude lower than those of the slug and pumping tests.

Using only values from Table 3-7 that are rated 1 or 2 in data quality, the geometric mean of
these values was used to determine a typical hydraulic conductivity of 3.2 x 10”2 cm/sec for the

shallow aquifer.
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The range of shallow-aquifer vertical hydraulic conductivity estimates from the rigid-wall tests
(Table 3-9) is similar to the range of horizontal conductivity estimates from the pumping tests.
This similarity is consistent with the geologic information for the unit, which suggests relatively
little stratification. The vertical conductivity estimates from the triaxial tests, which are much
lower than those from the rigid-wall tests, are probably more representative of local, fine-grained

portions of the unit than of the unit as a whole.

The corresponding estimates of the horizontal-to-vertical hydraulic conductivity ratio for the
shallow aquifer are listed in Table 3-10. The estimates of the conductivity ratio based on rigid-
wall vertical conductivity tests (vertical) and the pumping tests (horizontal) are from 0.07 to 30.
That the minimum value (0.07) is substantially less than one suggests that the range of estimates
for the conductivity ratio is wider than what naturally occurs in the aquifer. In turn, this suggests

that the upper limit of the range (30) may be higher than what naturally occurs at the field scale.

For the shallow aquifer, which is unconfined, Table 3-11 lists estimated values of volumetric
porosity and specific yield, both of which are dimensionless. The pbrosity estimates range from
0.44, which is typical for a sand, to 0.59. The upper value (0.59) is high for a sand, and likely
corresponds to a sample obtained from a part of the aquifer that is locally high in fines (e.g., silt,
clay). Freeze and Cherry (1979) suggest that the porosities of sands and silts typically are
between 0.25 and 0.50, while those of clays are from about 0.40 to 0.70.

Specific yield is the volume of water released from storage in an unconfined aquifer, per unit
area of aquifer and per unit decline in water-table elevation. Freeze and Cherry (1979) report
that specific yield is usually in the range from 0.01 to 0.30. Todd (1980) suggests that specific
yields vary from approximately 0.03 (clay) to 0.44 (peat). Todd (1980) lists representative
values of specific yield of sand from 0.23 (fine sand) to 0.38 (dune sand), and 0.25 for fine

gravel. The specific yield estimates for the shallow aquifer are consistent with these guidelines.
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Additionally, the entire range of specific yield estimates for the shallow aquifer is less than the
lowest porosity estimate for the aquifer. This is consistent with the convention of interpreting

specific yield as the drainable portion of the porosity.

In those areas where the fill is saturated, it is likely to exhibit approximately the same
hydrogeologic properties as the native alluvium, because the fill was dredged from the

Duwamish River (Booth and Herman, 1998).

Hydraulic Properties of the Intermediate Aquifer

For the intermediate aquifer, the horizontal conductivity estimates (Table 3-8) based on the slug-
test results vary by more than two orders of magnitude, while those based on the pumping-test
results vary by slightly more than one order of magnitude. The highest estimates from the two
types of test are relatively close (2.4 x 10~ 3 cr/s from slug tests versus 5.1 x 10° 3 /s from
pumping test). In contrast, the lowest estimate from the slug tests is considerably lower than the

lowest estimate from the pumping test (1.5 X 10~ > em/s versus 3.7 x 10™¢ cm/s).

The range of horizontal conductivity estimates based on slug-test results from the intermediate
aquifer is considerably wider than that of the shallow aquifer. This is not true of the results from
the pumping tests of the two aquifers. Slug-test results generally represent a smaller test volume
than pumping test results. Therefore this difference suggests that the intermediate aquifer is
more heterogeneous with respect to horizontal hydraulic conductivity than the shallow aquifer.

This finding is consistent with the geologic information available for the two units.

As with the shallow aquifer, data in Table 3-7 with a data quality rating of 1 or 2 were used to
compute a geometric mean. This mean of 1.1 X 10" cm/sec is considered the typical hydraulic

conductivity or the intermediate aquifer.
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The vertical conductivity estimates for the intermediate aquifer (Table 3-9) vary over nearly five
orders of magnitude (7.3 x 10" - 6.4 x 10"? cm/s). The range of estimates from the triaxial
permeameter tests is approximately two orders of magnitude lower than the range from the rigid-
wall tests. This reflects the fact that the triaxial tests are normally performed on finer-grained,
less permeable samples, while rigid-wall tests are performed on coarser samples (Sevee, 1991).
The triaxial test results probably are more representative of the finer material (e.g., the silt and
clay lenses) within the intermediate aquifer, while the rigid-wall test results are probably more

representative of the coarser material (e.g., sand and silty sand) within the intermediate aquifer.

Estimates of the horizontal-to-vertical hydraulic conductivity ratio for the intermediate aquifer
are listed in Table 3-10. Conductivity ratio estimates based on the rigid-wall tests (vertical) and
the pumping tests (horizontal) are from 0.06 to 400. That the minimum value (0.06) is
substantially less than one suggests that the range of estimates for the conductivity ratio is wider
than what naturally occurs in the aquifer. In turn, this suggests that the upper limit of the range
(400) may be higher than what naturally occurs at the field scale. Bias notwithstanding, the
upper limit is about one order of magnitude greater than that obtained for the shallow aquifer.
This is consistent with the available geologic information, which indicates that the intermediate

aquifer is substantially more stratified and heterogeneous than the shallow aquifer.

For the intermediate aquifer, which is semiconfined, Table 3-11 lists estimated values of
volumetric porosity and storativity. The porosity estimates are from 0.36 to 0.57. The lower
limit (0.36) is within the range of values reported by Freeze and Cherry (1979) for sand, 0.25 to
0.50. The upper limit (0.57) is high for sand, but is well within the range reported for clays (0.40
to 0.70).

Aquifer storativity is defined as the volume of water released from aquifer storage, per unit area

of aquifer and per unit decline in aquifer potentiometric head. Like porosity, it is dimensionless.
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Freeze and Cherry (1979) report that storativities of confined aquifers range from about 5 x 107>

to 5x 107>, The storativity results for the intermediate aquifer are well within this range.

Hydraulic Properties of the Silt Aquitard

Estimates of the vertical hydraulic conductivity of the silt aquitard are between 1.0 x 10~ and
53 x10°® crm/s (Table 3-9). Freeze and Cherry (1979) report that the hydraulic conductivity of
silt typically is between about 10~ and 102 cm/s. Thus, the vertical conductivity estimates for
the silt aquitard are within, and closer to the lower end of, this range. The horizontal hydraulic
conductivity of the silt aquitard is expected to be somewhat greater than the vertical

conductivity, because of stratification.

The range of vertical hydraulic conductivity estimates for the silt aquitard, based on 11 triaxial
permeability tests, is less than two orders of magnitude. In contrast, the vertical conductivity
estimates obtained from the intermediate aquifer span a range of almost five orders of
magnitude. This wide range in vertical conductivity estimates is expected given the highly
heterogeneous character of the intermediate aquifer’s silts and sands. Even if the comparison is
restricted to tests conducted on fine-grained materials (i.e., the triaxial tests), the vertical
conductivity estimates from the silt aquitard vary considerably less than the estimates from the
intermediate aquifer (i.e., less than two orders of magnitude versus about three orders of
magnitude). These comparisons illustrate that the silt aquitard is much more homogeneous than

the intermediate aquifer.

The highest vertical conductivity estimate for the silt aquitard (5.3 x 10~ § co/s) is more than
three orders of magnitude lower than the highest vertical conductivity estimate for the
intermediate aquifer. The high contrast in the hydraulic conductivities of the two units, and the

thickness and horizontal continuity of the silt unit, make it an effective confining unit.
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Hydraulic Properties of the Deep Aquifer

The deep-aquifer horizontal cbnductivity estimates from slug-test results (Table 3-8) vary over
more than three orders of magnitude. The lower limit of the estimates from the deep aquifer is
below that of the intermediate aquifer, but the two ranges overlap considerably, from 1.5 x 10>
to 8.5 x 10" * cm/s. Based on these data and the known lithology of the deep aquifer (deep sand
and silt geologic unit), it appears that the horizontal conductivity estimates from the deep-aquifer

slug tests are more representative of the less conductive material in this unit than of the unit as a

whole.

The horizontal hydraulic conductivity estimate from the laboratory test (1 x 10~ 2 cm/s) is about
one order of magnitude greater than the upper limit of the estimates from the slug tests. This
value is near the middle of the range of typical values for a “clean sand” (Freeze and Cherry,
1979), so it may be more representative of the more conductive material in the unit than of the

unit as a whole.

The laboratory-test-based estimate of the deep aquifer’s vertical conductivity (4.8 x 10”7 cm/s) is
within, and closer to the lower end of, the range of hydraulic conductivity values reported for silt
by Freeze and Cherry (1979). Therefore, it is probably more representative of the less
conductive material in the deep aquifer than of the unit as a whole. On a scale of meters or
greater, the horizontal conductivity of the deep aquifer probably exceeds the vertical

conductivity, due to stratification.

Estimates of the horizontal-to-vertical conductivity ratio for the deep aquifer range from 8 to ..
2000.
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Hydraulic Properties of the Basement Confining Unit

The bedrock basement is classified as a confining unit. This classification is consistent with the
interpretations of other hydrogeologic studies. For example, in a numerical model analysis of
groundwater flow in hypothetical basins within the Puget Sound lowland, Morgan and Jones

(1995) considered the bedrock to'be an impermeable boundary.

With regard to the Tertiary bedrock within the Duwamish Basin study area, Booth and Herman
(1998) state: Groundwater flow in the bedrock is not expected to be significant relative to the
glacial and alluvial sediments.” Apparently the bedrock sandstones have very low permeabilities
because of their fine-grained texture and degree of cementation, and the igneous intrusives are
even less permeable because of their generally massive texture. Booth and Herman (1998) cite
bedrock data collected during subsurface investigations for the Metro sewer line, in which the
bedrock from the Tukwila and Renton Formations encountered in the upper Duwamish Basin

was reported to be “impervious” and “relatively impervious” (Converse Consultants; 1985a,
1985b).

Finally, recharge to the underlying bedrock is limited by a layer of relatively impermeable till —
the Vashon formation (Booth and Herman, 1998) — that blankets the surface of the upland area
along the east side of the Duwamish Basin. This further limits the flow of groundwater within

the bedrock underlying the deep aquifer along the east side of the Duwamish Waterway.

3.6.1.3  Potentially Preferred Groundwater Pathways in the Shallow Aquifer
Numerous underground utility corridors exist in the area downgradient of the facility between
Denver Avenue and the Duwamish River. Some of these consist of pipelines resting in trenches
that have been back-filled with porous materials such as gravel. When fully saturated, well-

sorted gravel has a far greater hydraulic conductivity than the sand of the shallow aquifer. Thus,
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the potential exists for underground utility corridors to form preferred pathways for groundwater
flow. For a back-filled trench to be a preferred groundwater pathway, the following conditions

are required:

1. The trench backfill material must be present and be substantially (e.g., an order of

magnitude) more conductive than the surrounding sediment.

2. Groundwater must intercept the trench, and the saturated thickness of the trench
backfill must be sufficient to transmit significantly more water than would be

transmutted if the trench was not present.

3. The hydraulic gradient must be aligned parallel or sub-parallel to the trench, so that
there is a substantial hydraulic gradient within the trench fill material, and over a

significant distance.

All sewer lines near the facility were investigated as part of the effort to develop a conceptual
site model. Locations and depths of all sewer lines were determined and mapped. These maps
are included as Figures 3-15 and 3-16. During the Remedial Investigation, One Call utility
locators were contacted and provided PSC with a list of all companies with utility lines within
the boundaries of South Hudson Street to the North, Airport Way South to the East, South
Fidalgo Street. to the South, and ast. Marginal Way South to the West. PSC contacted all of the
companies to ascertain whether their utility lines were buried at depths that might intercept the
shallow aquifer. Several companies provided PSC with maps to assist in the investigation, but
PSC was not authorized to publicly disclose the specific information contained on the maps.
Therefore, only the general information is provided in this report. Puget Sound Energy Gas, -
Seattle City Light, Seattle Public Utilities, and Seattle Engineering Signal have utility lines that
are most likely above the water table. King County Metro Sewer and Qwest have utility lines

whose exact depths are uncertain. Electric Light Wave has utility lines that may be buried below

Section 3_Final 11/11/03 3-25



FINAL COMPREHENSIVE
REMEDIAL INVESTIGATION REPORT
' GEORGETOWN FACILITY

the water table on East Marginal Way and on Fourth Avenue South but they were installed by
directional boring, so there was no trenching or backfill involved. MCI and Williams
Communication have not responded during repeated attempts to contact them regarding

information about their utility lines in the area.

The next sections describe the information PSC obtained about utilities in the Georgetown area.

Public Utilities

Two underground public utility lines run along Denver Avenue South, roughly perpendicular to
the average groundwater flow direction in the shallow aquifer. Additional underground lines run
along the side streets: Lucile Street, Brandon Street, Bennett Street, and Dawson Street. These
lines run west from Sixth Avenue South, approximately parallel to the direction of groundwater
flow in the shallow aquifer. Figures 3-15 and 3-16 show the locations and elevations of the
underground public utility lines. Each pipeline elevation corresponds to the top of the pipeline at

the point where it intersects a manhole.

The underground utilities along Denver Avenue, shown in Figure 3-15, consist of a sanitary
sewer line and a storm sewer line. The sanitary sewer line runs north and northwest, from
Brandon and Bennett Streets. The elevation of the sanitary sewer line is approximately 3.75 to
5.2 feet City of Seattle Datum (COSD). The storm sewer lines are at two separate locations on
Denver Avenue. One runs north from the corner of Bennett Street and Sixth Avenue South. The
other runs east/west along Brandon Street, and northwest/southeast along Denver Avenue. The

elevation of this pipeline is between 4.06 and 5.88 feet COSD.

The storm water pipelines that run along Lucile, Brandon, Bennett and Dawson Streets are at’
greater elevations than those on Denver Avenue. For example, the line on Brandon Street begins

at the intersection with Denver Avenue, at elevation 4.06 feet COSD. The intersection of
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Brandon Street and First Avenue South is the most westerly location for which the pipeline’s

elevation (7.37 feet COSD) was available.

Table 3-12 shows the elevations of the various pipelines in comparison to the wet-season water-
table elevation. At the PSC wells on or near Denver Avenue (CG-103-S-1, CG-104-S-1 and CG-
105-S-1), the shallow-aquifer groundwater elevations measured in the second quarter of 1999
ranged from 3.66 to 3.83 feet COSD, with an average value of 3.74 feet COSD. The
hydrographs for these wells indicate that during most years groundwater elevations do not
exceed 3.50 feet. Therefore, the water table is likely below the utility lines most years.
Furthermore, during those years when groundwater elevations exceed 3.50 feet COSD, they do

so for less than half of the year.

The groundwater elevations in the shallow aquifer decrease to the west. The valley floor is
nearly level. Therefore, if the water table were to intersect a buried utility line during a wetter-

than-average winter, the downgradient distance over which the intersection occurred would be

limited.

Little information is available about the construction of the pipelines, which occured in the
1920s. The City determines the type of backfill material to use based on the geology of the area.
In the Seattle tide-flats area, the City chose to use little gravel backfill due to the potential for
compression of the dense sands and silts against the concrete and brick pipelines (City of Seattle,
2000b). Drawings obtained from the City show that when gravel backfill was used, it was used
to fill only the lower half of the trench. For example, one drawing showed gravel in the bottom
half of a 36-inch wide by 36-inch deep trench, for a 24-inch diameter pipeline. The top of the
trench was back-filled with native material. However, it appears from the drawings that most of
the pipelines on the streets running parallel to Lucile Street were constructed of steel-reinforced

concrete with brick interior lining and no apparent non-native backfill.
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Because the pipelines were installed above the water table and because most of the underground
utility trenches in the area have little or no gravel backfill, the underground utility corridors are

not preferential pathways for groundwater flow.

Private Utilities

As indicated in Table 3-13, the private utilities installed in the area between the facility and the
Duamish Waterway were either installed at shallow depths (less than 5 feet bgs), or if located at

a greater depth, were installed using directional boring techniques with no non-native material
used. Puget Sound Energy Gas, has utility lines that are most likely above the water table.

Qwest have utility lines whose exact depths are uncertain. Electric Light Wave has utility lines
that may be buried below the water table on East Marginal Way and on Fourth Avenue South but’
they were installed by directional boring, so there was no trenching or backfill involved. MCI
and Williams Communication have not responded during repeated attempts to contact them
regarding information about their utility lines in the —area. Based on the available data there is no

evidence that utility corridors are providing a preferential pathway for groundwater flow.

3.6.2 Groundwater Flow Patterns
This section describes the spatial and temporal variation of groundwater elevations, and

associated groundwater flow patterns.

The wells used to monitor groundwater elevations in each aquifer are listed in Table 3-14. The
complete groundwater elevation data set is tabulated in Appendix 3-B. To illustrate the temporal
variation of groundwater elevations, well hydrographs are presented in Figures 3-17 through 3-
24 for well nests CG-104, CG-105, CG-106, GC-124, CG-128, CG-138, CG-140 and CG-143.
These nests were chosen because they had wells installed at the water table, the deeper shallow

zone and in the intermediate aquifer.
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3.6.2.1 Temporal Variation of Groundwater Elevations

Hydrographs from the selected wells are characterized by prominent seasonal fluctuations (i.e.,
with period of one year), superimposed on less prominent shorter-period and longer-period
fluctuations. These changes are consistent with the corresponding variations in total monthly
precipitation. Correlation between groundwater elevations and total monthly precipitation is

discussed below.

Although shorter-period fluctuations apparently contribute to the overall variability, their
contribution is insufficient to mask the seasonal and longer-period fluctuations. Because the
PSC hydrographs are based on monthly or quarterly measurements, it is not possible to further
resolve the time period of the temporal fluctuations. However, short-term groundwater-level
fluctuations do occur. For instance, groundwater-level fluctuations associated with atmospheric
pressure fluctuations have been observed in intermediate- and deep-aquifer wells during
pumping tests (PSC, 2000). Additionally, it is possible that short-term groundwater-level
fluctuations occur because of other natural causes (e.g., earth tides) or artificial causes (e.g., local

overburden stress variations owing to heavy trucks and freight trains).

Correlation of Groundwater Elevations with Monthly Total Precipitation. Each page on which
the hydrographs are printed also has a graph of total monthly precipitation for comparison. The
precipitation data are from the SeaTac Airport station. Groundwater levels in all three of the
aquifers (shallow, intermediate, and deep) appear to be at least moderately well correlated with
the monthly total precipitation values. The groundwater level fluctuations lag the precipitation

fluctuations by at least a month.

The correlation between total monthly precipitation and groundwater levels suggests that the -
seasonal variation in precipitation is the primary cause of the seasonal variation in groundwater
levels. In addition, seasonal variations in air temperature and cloud cover likely contribute to the

seasonal variation in groundwater levels, because of their effects on evapotranspiration.
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Aquifer Response Correlation of Hydrographs. Within the shallow aquifer, the groundwater
elevations at the water table interval wells are strongly correlated to the elevations at the
corresponding wells screened in the lower shallow aquifer. For example, groundwater elevations
measured at well CG-104-S-1 are strongly correlated with those at well CG-104-S-2. This
correlation between the hydraulic responses at different elevations indicates the shallow aquifer
is hydraulically well connected in the vertical direction, with respect to seasonal and longer-

period fluctuations.

The hydraulic responses of the shallow and intermediate aquifers also are strongly correlated.
This suggests the two aquifers are hydraulically well connected, with respect to seasonal and

longer-period pressure fluctuations. These two aquifers are not separated by a confining unit.

Generally the hydraulic responses of the wells in the intermediate aquifer are not as strongly
correlated to those of the deep aquifer as they are to those of the shallow aquifer. The
intermediate and deep aquifers are separated by a confining unit, the silt aquitard, and hence are

not hydraulically connected were these measurements were made.

The intermediate and deep aquifers may be hydraulically coupled, with respect to seasonal
variations, at some location(s) up-gradient from the facility. For instance, near the east side of
the valley where recharge is expected to be relatively high, there may be a strong vertical
component of groundwater flow across the silt aquitard during the wet winter months. This
seasonal recharge might cause seasonal variations in groundwater levels to propagate to the deep
aquifer. Alternatively, the silt aquitard may be discontinuous near the east side of the valley,

thus increasing the degree of hydraulic connection there.
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3.6.22  Spatial Distribution of Groundwater Elevations
This section describes the spatial variation of groundwater levels within the hydrogeologic units,
and their influence on groundwater flow. It also discusses possible seasonal variation of

groundwater flow patterns.

Mean groundwater levels were calculated from data collected from April 2002 to March 2003.
These mean groundwater levels \x;ere used to construct contour maps of the groundwater
elevations for the water table, the deeper shallow aquifer (wells screen 30 to 40 feet bgs), and the
intermediate aquifer (wells screened from 40 to 90 feet bgs). The maps constructed using the
average values are consistent with the monthly maps submitted to Ecology in the Quarterly
Reports for the site. Based on the accumulated water level data and the hydrogeological setting
of the study area, the groundwater flow regime appears to be stable, and does not vary in any

significant manner through time.

Horizontal groundwater seepage velocities were calculated for the shallow and intermediate
aquifers, and are listed in Table 3-21. These estimates were calculated using values from the
upper end of the range of horizontal hydraulic conductivities, and values from the lower end of
the range of porosity values. The effective porosity generally is less than the total porosity,
because the total porosity includes contributions from dead-end pore space, which does not

contribute to the material’s fluid-transmission capacity.

Spatial Distribution of Groundwater Elevations in the Shallow Aquifer

In the PSC wells, measured depths to water (DTW) in the shallow aquifer have ranged from
approximately four to 13 feet bgs. The DTW typically ranges about from five to ten feet bgs

across the PSC monitoring network.

Figure 3-25 shows the horizontal distribution of the average groundwater elevations at the water

table. The elevations vary from about 13.03 feet at well CG-101-S-1 to 6.72 feet at well CG-
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140-WT. Average groundwater elevations in the shallow aquifer generally are highest east of
the facility and decrease to the west-southwest. The average horizontal hydraulic gradient over
the area of the PSC monitoring network has magnitude approximately 0.0016, with and overall

direction of travel toward the west-southwest.

Figure 3-26 shows the horizontal distribution of the average groundwater elevations for wells
sreened in the lower shallow aqu{fer. The elevations vary from vary from 12.88 feet at well CG-
101-S2 to 5.43 feet at CG-145-35. Average groundwater elevations in the lower-shallow aquifer
generally are highest east of the facility and decrease to the west-southwest. The average
horizontal hydraulic gradient over the area of the PSC monitoring network has a magnitude of

approximately 0.0016, with an overall direction of travel toward the west-southwest.

Spatial Distribution of Groundwater Elevations in the Intermediate Aquifer

Figure 3-27 shows the estimated horizontal distribution of the average groundwater elevations in
the intermediate aquifer. The elevations vary from 12.50 feet at well CG-106-1, to 6.93 feet at
well CG-141-50. Groundwater elevations are highest near to the east of the facility and decrease
to the west. In the northern part of the monitoring network the horizontal fluid driving force is
directed approximately westward; in the central part it is directed approximately toward the
west-southwest. In the southeast part of the network the driving force is directed approximately
toward the south-southwest. The hydraulic gradient is approximately 0.0016, and the direction is

approximately west-southwest.

3.6.2.3  Groundwater Recharge

The following factors control recharge (Vaccaro et al, 1998): physical characteristics —
topography, soil characteristics, land use and cover, and surficial geology — and water-budget-
components at or near the land surface — actual evapotranspiration, surface and subsurface

runoff, and precipitation.
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Precipitation provides water for the surface water flow system, the atmosphere, and the
groundwater flow system. Precipitation is partitioned into runoff, evapotranspiration, and

groundwater recharge. Precipitation is the main source of water for the groundwater system.

The upland area east of the Georgetown neighborhood consists primarily of sedimentary rocks of
the Blakely Formation (Tertiary age), overlain by till (the Vashon Formation — Quaternary age).
The till, which has a low permealﬁlity, is nearly continuous across the top of the upland. The
east upland area is highly developed, with buildings and impermeable pavements covering much.
of the ground surface. These factors increase the likelihood that precipitation falling on the east

upland will run off before it can infiltrate the surface and recharge the underlying bedrock.

In the area of the Georgetown neighborhood, the till of the Vashon Formation has been eroded
from the western flank of the east upland area, exposing the Blakely Formation. The western
flank of the east upland area consists of steep, west facing slopes. In some areas these slopes are
blanketed with soil and are heavily vegetated; in other areas the consolidated bedrock, which is
relatively impermeable, is exposed. These slopes cause some of the precipitation that falls on the
upland area to be diverted westward toward the Duwamish River as overland flow. As this water
flows westward toward the valley floor below, some of it infiltrates the unpaved ground surface.
A portion of this infiltrating water is taken up by plants and transpired. Some of the infiltrated
water may flow in the shallow subsurface for some distance and then discharge to the ground
surface as a seep or perennial stream. The remaining infiltrated water is available to recharge the

groundwater system.

Further west, toward the valley floor, the slopes decrease and a greater proportion of the land is
developed. Because the Georgetown area is primarily industrial, much of the land surface is -
covered by impervious structures like buildings, and asphalt or concrete pavements. Little of the
valley floor’s surface is covered by vegetation, so transpiration is not expected to be significant.

Hence much of the water that falls as precipitation is routed more or less directly to storm drains
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or surface conveyances (streets and gutters) before it has a chance to recharge the groundwater
system. For these reasons the highest rates of recharge to the groundwater system are believed to

occur along the east side of the Duwamish Valley.

3.6.2.4  Groundwater Discharge and the Effect of the Duwamish Waterway

The available groundwater elevation data indicate that groundwater in the shallow, intermediate
and possibly the deep aquifers diécharges to the Duwamish Waterway. The PSC well network
extends to within 50 feet of the waterway, which is tide-influenced. The waterway would be
expected to influence the groundwater elevations at nearby wells. For instance, if the stage of
the waterway does not vary seasonally, then one would expect the waterway to dampen seasonal
fluctuations in shallow groundwater levels, and that the amount of dampening would decrease as
the distance from the waterway increased. Conversely, because the waterway is tide-influenced,
one would expect that wells nearer the waterway would exhibit diurnal and semidiurnal
fluctuations, and that these fluctuations would rapidly decrease in magnitude as the distance from
the waterway increases. Two tidal monitoring studies were conducted using wells installed near
the waterway, the first being conducted in during November and December of 2002 and the

second in July and August of 2003

The purpose of the November-December 2002 tidal monitoring effort was to determine how
much mixing was likely to occur in groundwater-monitoring wells near the Duwamish
Waterway, due to the waterway tides. The purpose of the Jul-Aug 2003 tidal monitoring effort

was to define baseline (ambient) hydraulic conditions for planned slug testing of wells.

For the November-December 2002 tidal monitoring session, the level-versus-time graphs shown
in Figure 3-28 suggest that the water-level fluctuations at all three wells are both barometrically
and tidally influenced. The tidal influence is effective on relatively short time scales (e.g., about

12 to 24 hours), whereas the barometric influence is effective on longer time scales (e.g., about
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four to five days and longer.) Therefore, in this case the remainder of the data were analyzed as

follows:

¢ 72-hour moving averages were calculated for the following parameters:
o water levels for each well
o effective level for atmospheric pressure (i.e., pressure head in feet of water)

o water level at Elliott Bay.

¢ Residual water levels were calculated by subtracting the 72-hour average levels from the
corresponding water levels. This had the effect of removing long-term non-tidal trends,

such as those due to a trend in atmospheric pressure, from the data.

¢ The residual (de-trended) water-level data were then used to estimate the tidal response

parameters (lag and efficiency).

For the July-August 2003 tidal monitoring session, the pressure-versus-time and level-versus-

time graphs shown in Figure 3-29 suggest the following:

e Water-level fluctuations at three of the wells (CG-140-WT, CG-141-WT and CG-141-50)

are influenced barometrically but not tidally.

e Water-level fluctuations at two of the wells (CG-140-40 and CG-151-25) are influenced
tidally but not barometrically.

Therefore, tidal response parameters were estimated for wells CG-140-40 and CG-151-25 only.

For both tidal monitoring sessions, the tidal response parameters were estimated using simple

graphical methods. First, an elapsed time was chosen. Next, the corresponding lag and
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efficiency were estimated. Then the estimation procedures were repeated for a second elapsed
time. The final parameter estimates were obtained as the average of the estimates corresponding

to the two elapsed times.

For each elapsed time the time lag was estimated as follows. For each well and for the surface
water level, the nearest (in time) two lower low levels were identified. That is, the first lower
low level that occurred before thé chosen time, and the first lower low level that occurred after
the chosen time, were identified. The lower low levels were used because these were the most
clearly identifiable features for this purpose. For each of the lower low levels identified, the
elapsed time was estimated and the time lag (relative to the surface water level) was calculated.
The time lag was then calculated as the average of the two calculated time lags. This procedure
was repeated using a different elapsed time. The final time-lag estimate was calculated as the
arithmetic average of the estimates corresponding to the two elapsed times. For the November-
December 2002 tidal monitoring session, the chosen elapsed times were 13 and 23 days. For the

July-August 2003 tidal monitoring session, the chosen elapsed times were 1.5 days and 2.5 days.

After the time lag was estimated, the tidal efficiency was estimated. The tidal efficiency was
calculated as the ratio of the thickness of the water-level amplitude envelope for the well, to that
of the tide. The upper limit of each envelope was defined by linearly interpolating between
successive higher high levels. Similarly, the lower limit was defined by linear interpolation

between successive lower low levels.

Table 3-16 describes the basic characteristics of the data collected during both tidal monitoring

efforts.
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Average Mor;thly Total Precipitation at Three Stations

Table 3-2

PSC Georgetown Facility

AVERAGE MONTHLY TOTAL PRECIPITATION

. (inches)
MONTH
SeaTac Airport King County Airport Seattle

January 5.73 5.98 5.01
February 419 4.38 3.92
March 3.77 3.43 3.80
April 2.54 2.15 2.81
May 1.66 1.36 1.99
June 1.44 1.18 1.52
July 0.79 0.71 0.95
August 1.10 0.93 1.30
September 1.79 1.60 1.61
October 3.48 3.46 3.35
November 6.05 6.16 5.63
December 5.92 5.20 6.03

Source: WRCC (2000)




. Table 3-3
Annual Total Precipitation Statistics for Three Stations

PSC Georgetown Facility

ANNUAL TOTAL PRECIPITATION
(inches)
STATISTIC
SeaTac Airport King County Airport Seattle
Minimum 23.78 19.88 27.78
Maximum 54.61 50.40 51.56
Mean 38.46 36.55 37.92

Source: WRCC (2000)




Table 3-4
List of Borings Used for Geologic Interpretation
. PSC Georgetown Facility-

Boring Total Boring Total Boring Total Boring Total
dentifier | PP | gentifier | PP |identifier| PP |identifier|  DePI
(feet bgs) (feet bgs) (feet bgs) (feet bgs) |
CG-1-D 109 CG-102-D 130 D15 82 E7 82
CG-2-D 128.5 CG-103-81 20 D16 84 F4 98
CG-3 31.5 CG-103-S2 35.5 D17 84 F9 120
CG-1-S1 17.5 .CG-103-} 80 D18 82 F16 126
CG-1-82 30.5 CG-104-S1 18 D19 86 G3 90
CG-1-| 66 CG-104-52 35 D20 80 G5 80
CG-2-S1 20.5 CG-104-1 70 D21 78 G33 132
CG-2-S2 51.5 CG-104-D 127 D22 82 H14 70
CG-2-1 70.5 CG-105-51 17 D23 80 13 90
CG-4-D 109.5 CG-105-S2 35 D24 82 J3 90
CG-5-S1 17 CG-105-} 76.5 D25 84 K10 130
CG-5-82 45 CG-111-1 60 D26 79 K21 70
CG-5-1 - 64.5 CG-11- 68 D27 57 M29 70
CG-5-D 123 CG-12-| 65 D28 82 P18 70
CG-6-S1 16.8 B12 45 D29 78 S15 70
CG-6-S2 38.5 F9 120 D30 88 S34 70
CG-7-S1 17.5 F16 126 D31 81 w23 70
CG-7-S2 38.5 D1 88 D33 81 Y26 70
CG-8-S1 20 D2 74 D34 75
CG-8-S2 415 D3 86 D35 75
CG-9-S1 19 D4 88 D36 75
CG-9-S2 415 D5 89 F16 126
CG-9- 75 D6 78 E11 136
CG-10-S1 17.5 D7 78 F7 122
CG-10-82 28.5 SA-D8 80 SB98-B4 70
CG-11-S1 17 D9 82 SB98-B6 76
CG-11-82 415 D10 80 SB98-E7 82
CG-101-81 17.5 D11 84 SB98-J4 80
CG-102-S1 18 D12 82 SB98-G5 80
CG-102-S2 31.5 D13 82 SB98-17 80
CG-102-| 70 D14 80 E3 88




Table 3-5

Relationships éetween Geologic and Hydrogeologic Units

PSC Georgetown Facility

REGIONAL LOCAL
GE(E):;%%IC GEOLOGIC GEOLOGIC HYDROL?NEI.?LOGlc
UNIT UNIT
Shallow Sand Unit Shallow Aquifer
Intermediate Sand . .
. and Silt Unit Intermediate Aquifer
Duwamish
Quaternary Valley
Alluvium
Silt Unit Silt Aquitard
Deep Sand .
and Silt Unit Deep Aquifer
. Basement
Tertiary Bedrock Bedrock

Confining Unit
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, Table 3-10
Summary of Horizontalltp-VerticaI Hydraulic Conductivity Ratio Estimates

PSC Georgetown Facility

SHALLOW AQUIFER

Source of Vertical Conductivity Estimates

Source of
CH°:;Z°’3"‘?' Triaxial Rigid-Wall Al
on .uctlwty Permeameter Tests | Permeameter Tests Laboratory Tests
Estimates
Minimum | Maximum | Minimum | Maximum | Minimum | Maximum
Slug Tests 6.E+01 6.E+02 4.E-02 8.E+00 4.E-02 6.E+02
Pumping Test{ 1.E+02 2.E+03 7.E-02 3.E+01 7.E-02 2.E+03
All Field Tests] 6.E+01 2.E+03 4 E-02 3.E+01 4.E-02 2.E+03
INTERMEDIATE AQUIFER
Source of Source of Vertical Conductivity Estimates
c“°:;z°"_t"’_' Triaxial Rigid-wall Al
on _uctlwty Permeameter Tests | Permeameter Tests Laboratory Tests
Estimates
Minimum | Maximum | Minimum | Maximum ] Minimum | Maximum
Slug Tests 2.E-01 3.E+04 2.E-03 2.E+02 2.E-03 3.E+04
Pumping Test| 6.E+00 | 7.E+04 6.E-02 4. E+02 6.E-02 7.E+04
All Field Tests| 2.E-01 7.E+04 2.E-03 4 E+02 2E-03 7.E+04
DEEP AQUIFER
Source of Source of Vertical Conductivity Estimates
c“°"z°"_t"’_' Triaxial Rigid-Wall Al
ond_uctlwty Permeameter Tests | Permeameter Tests Laboratory Tests
Estimates
Minimum | Maximum | Minimum | Maximum | Minimum | Maximum
Slug Tests - - 8.E+00 | 2.E+03 8.E+00 | 2.E+03




Table 3-11

Summary of"H'ydrauIic Storage Property Test Resuits

PSC Georgetown Facility

POROSITY STORAGE COEFFICIENT"
HYDROGEOLOGIC UNIT (dimensionless) (dimensionless)
Minimum Maximum Minimum Maximum
Shallow Aquifer 0.44 0.59 0.18 0.26
Intermediate Aquifer 0.36 0.57 3.E-04 7.E-04
Silt Aquitard . 0.47 0.52 -- --
Deep Aquifer -- -- -- --

Basement Confining Unit

Notes:

. (1) For the shailow aquifer, which is unconfined, the storage coefficient is the aquifer's specific yield.

For the intermediate aquifer, which is semi-confined, the storage coefficient is the aquifer's storativity.
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A Table 3-14
Groundwater Elevation Monitoring Points

PSC Georgetown Facility

Shallow Aquifer Intermediate '
. Deep Aquifer
Upper Zone | Lower Zone Aquifer
CG-1-81 CG-1-82 CG-1-| CG-1-D
CG-2-$1 CG-2-82 CG-2-| CG-2-D
CG-3 - - --

- - - CG-4-D
CG-5-S1 CG-5-82 CG-5-1 CG-5-D
CG-6-51 CG-6-S2 - -
CG-7-S1 CG-7-82 -~ -
CG-8-81 CG-8-82 - -
CG-9-81 CG-9-52 CG-9-| -

CG-10-81 CG-10-S2 - .
CG-11-81 CG-11-82 CG-11- -

- - CG-12-] -
CG-101-81 CG-101-82 - -
CG-102-81 CG-102-82 CG-102- CG-102-D
CG-103-81 CG-103-52 CG-103-| -
CG-104-81 CG-104-S2 CG-104-I CG-104-D
CG-105-81 CG-105-82 CG-105-i --
CG-106-WT - CG-106-I -

- - CG-111- -
CG-112-81 - - -
CG-113-81 - - -

- - CG-114-75 -
CG-115-WT - CG-115-75 -

- - CG-120-75 -

-- CG-121-40 CG-121-75 --
CG-122-WT -- CG-122-60 --

- - CG-123-90 -
CG-124-WT - | CG-124-40 CG-124-70 -

- CG-125-40 -- -
CG-126-WT - - -
CG-127-WT CG-127-40 - -
CG-128-WT - CG-128-70 -
CG-129-WT CG-129-40 - -
CG-130-WT - - -
CG-131-WT CG-131-40 - -
CG-132-WT CG-132-40 - -
CG-134-WT CG-134-40 - -

- CG-135-40 CG-135-50 -
CG-136-WT CG-136-40 - -
CG-137-WT CG-137-40 - -
CG-138-WT CG-138-40 CG-138-70 -

- CG-139-40 - -
CG-140-WT CG-140-40 - -
CG-141-WT CG-141-40 CG-141-50 -
CG-142-WT CG-142-40 -~ -
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4.0 DESCRIPTION OF INVESTIGATIVE ACTIVITIES

PSC has conducted numerous investigations at the facility and between the facility and the
Duwamish Waterway. The investigations initially focused on facility-related releases from
above-ground and underground storage of hazardous constituents. Later, the investigations

focused on areas where plumes from the releases from the facility are thought to have reached.

PSC has collected a considerable amount of data during remedial investigation activities. These

activities have included:
¢ Installation of 103 monitoring wells and quarterly monitoring of these wells;

¢ Installation of 260 sample reconnaissance borings from which more than 976

groundwater samples were collected;
¢ Installation of 64 soil borings from which more than 215 soil samples were collected,;
¢ Installation of 76 reconnaissance borings from which 84 soil gas samples were collected;

¢ Installation of five permanent soil gas ports that were sampled between four and six

times; and

Collection of 35 indoor air samples and 16 ambient air samples.

The investigative activities conducted for the three phases of the RI are summarized below.
However, baséd on data quality assessments discussed in Section 5, not all of the data from these
investigations were used for analyses in the RI and risk assessment (RA). In addition, PSC
attempted to only use data that are representative of current conditions. In the end, all the soil

data collected in the investigations described in this section were included in the RI and RA, but
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only the groundwater, soil gas, indoor air, and ambient air data collected between 2000 and 2003

were used.

41  Groundwater Monitoring Well Installation

Groundwater monitoring wells have been installed at the facility and upgradient and
downgradient of the facility during investigations conducted between 1982 and 2003. All
monitoring wells were installed by licensed drillers, in accordance with the State of Washington
well construction requirements. The following is a discussion of the specific well construction
methods used for each set of groundwater monitoring wells installed at the facility. Table 4-1
summarizes the completion details for all groundwater monitoring wells installed at the facility.
Well construction diagrams for monitoring wells installed for An Evaluation of Groundwater—
1982, Phase I, Phase II, Phase III and Post-Phase III are presented in Appendix 4A. Wells were
installed according to PSC’s standard operating procedure (SOP) No. PSC-105 or the applicable
work plans. PSC SOPs are provided in Appendix 4B.

The monitoring well identification system used at the facility was established in the Phase [
Investigation (SE/E, 1988). Each well designation consists of two alphabetic characters, “CG”,
which represent the facility’s original name, Chempro Georgetown, followed by a number
corresponding to the particular well location (e.g., CG-104). This number is followed by an
alphabetic character, S1, S2, I, or D, which identifies the screened hydrogeologic unit. For
example, CG-104-S1 designates a well screened in the water table zone of the shallow aquife.r;
CG-104-S2 designates a well screened in the lower shallow aquifer; CG-104-I designates a well
screened in the intermediate aquifer, and CG-104-D designates a well screened in the deep
aquifer. This identification system was modified during the 2002 RFI well installation to
identify wells by the depth of the bottom of the screen or by “WT,” for wells screened across the
water table. For example, a well installed in 2002 that is screened to 40’ would be called CG-
140-40. All wells installed during and after that installation consist of the same "CG-" plus the

well location number. Facility wells were numbered from CG-1 to CG-12 and wells upgradient
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and downgradient of the facility are numbered using 100-series numbers (except CG-3). The

“V” wells are part of the soil vapor extraction (SVE) system.

Figure 4-1 shows locations of. the existing groundwater monitoring wells. Multiple surveys have
been performed throughout the investigative history at the facility. The Phase I through Phase III
groundwater monitoring well measuring points were surveyed by Horton Dennis & Associates
on April 7, 1995. Hugh G. Goldsmith & Associates, Inc. surveyed the first Post-Phase III wells
on February 15, 2001. In 2001, PSC converted these values to the Hugh G. Goldsmith &
Associates, Inc. coordinate system based on the North American vertical datum of 1988. The
Post-Phase III wells installed in 2002 were surveyed by Hugh G. Goldsmith & Associates, Inc.
on March 27-29 and May 15, 2002. The two wells installed in 2003 were surveyed by Hugh G.
Goldsmith and Associates, Inc. on August 6, 2003. Table 4-2 shows the current measured
elevations of groundwater monitoring wells at the facility. The following subsections describe

the work completed and methodologies followed under each work plan.

4.1.1 An Evaluation of Groundwater — 1982

This investigation was conducted prior to the corrective action requirements at the facility and is
sometimes referred to as the Pre-Phase I Investigation. Six monitoring wells were installed at the
facility and slightly upgradient of the facility in July 1982 and three monitoring wells were
installed in September 1982 by Harper-Owes. A cluster of five shallow monitoring wells and
five additional monitoring wells were installed at the facility and slightly upgradient of the
facility between December 1982 and January 1983 by Hart-Crowser. For this discussion, the
Harper-Owes wells, (G-1 through G-9) are referred to collectively as the “G-series wells,” and
the wells installed by Hart-Crowser (HC-1 through HC-10) are referred to collectively as the
“HC-series wells.” Details of the drilling, well installation, and decontamination procedures ’
relevant to this project were reported in An Evaluation of Groundwater at the Chemical
Processors, Inc. Georgetown Facility (Harper/Owes and Hart Crowser, 1983). Figure 4-2 shows

the locations of the monitoring wells.
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The G-series wells were located to determine the direction of groundwater flow and to
characterize chemical conditions of groundwater entering and leaving the facility. The G-series
wells were screened in the upper portion of the saturated zone. All G-series wells were installed
in July 1982 using a hollow-stem auger drill rig. The wells were constructed with threaded risers
and capped, two-foot by four-inch diameter, 0.01-inch slot PVC screens. The annular space
above the sand pack was apparently not back-filled with bentonite grout until February 1983. A
concrete seal was placed above the bentonite-grout seal, in the interval from approximately one
foot below ground surface (bgs) to ground surface. The surface completions were either

aboveground, or flush-mounted.

Five of the HC-series wells (HC-1, HC-2, HC-3, HC-9, and HC-10) were located in a cluster and
screened at various depths to characterize vertical hydrogeologic and chemical profiles. HC-1
through HC-3 were screened in the shallow aquifer, HC-9 was screened in the deep aquifer and |
HC-10 was screened in the intermediate aquifer. Additional HC-series wells (HC-4 through HC-
8) were subsequently installed throughout the facility to further refine local hydrogeology and
contaminant distribution. These wells were screened in the upper 4.5 feet of the saturated zone.
All HC-series wells were installed using a CME-750 drill rig and hollow-stem augers. The auger
size is unknown. The HC-series wells were constructed of 1.5-inch diameter risers, and five-foot
by 1.5-inch diameter, 0.01-inch slot screens. In the HC-series wells: HC-1, HC-2, HC-3, and
HC-9, sand (Lane Min. Sand #16) was poured into the annulus, filling the portion of the borehole
from the bottom of the screen to two to three feet above the screen ). Well HC-10 was back-
filled with sand from the bottom of the screen up to the top of the screen, whereas HC-series
wells HC-4 through HC-8, all screened in the shallow aquifer, were backfilled with sand from
the bottom ofvthe screen to 0.5 to 1.0 foot above the screen. In wells screened in the intermedijate
and deep aquifers, HC-9 and HC-10, four to seven feet of natural soil was placed above the sand.
There is no record indicating the use of temporary conductor casing during the installation of
wells HC-9 and HC-10. All HC-series wells were completed with grout up to the ground surface
at the time of installation (Harper Owes and Hart Crowser, 1998).
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4.1.2 Phase | Hydrogeologic Investigation Work Plan - 1987

Three monitoring wells (CG-1, CG-2 and CG-3) were installed in 1987 as part of the Phase I
Investigation. Wells CG-1 and CG-2 were later renamed CG-1-D and CG-2-D, respectively, to
indicate that these wells were screened in the deep aquifer. The designation for well CG-3 was
not altered; however, it is screened in the lower shallow aquifer. Well CG-3 is screened at the
base of the shallow aquifer. Details of the drilling, well installation, and decontamination
procedures relevant to the Phase I wells are included in the Phase I Hydrological Investigation
Report (SE/E, 1988) and summarized in Table 4-1. Figure 4-3 shows the locations of the Phase I

wells.

Well CG-1-D was installed in the North Field within the vicinity of wells HC-8 and G-9. Well
CG-2-D also was installed at the facility in the West Field. CG-3 was installed in a background
location to the east-northeast of the facility. Both CG-1-D and CG-2-D wells were screened at
depths with the most obviously affected media in the upper portion of the deep aquifer, as
determined by sampling during borehole drilling. Well CG-3 was screened at a greater depth
than the existing background wells (G-4 and G-5), at the base of the shallow aquifer. A dual
casing technique was used during the installation of CG-1-D to minimize cross contamination

across bedded silt and sands; however, this method was not used for CG-2-D.

Flush-mount security casings were installed over wells CG-1-D and CG-3. A six-inch diameter
protective steel casing with a locking steel lid was cemented in place over CG-2-D, extending
approximately two feet above and two feet below ground surface. The stand-up casing for CG-
2-D was replaced with a flush-mount well casing when the West Field was paved. All wells
were resurveyed to reflect the modifications to the well heads made necessary by the new

concrete cap that was installed across the facility in the early 1990s.
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4.1.3 Phase Il Hydrogeologic Investigation: A Proposal for Sampling and Analysis -
1988

Twenty-four wells were installed in 1989 as part of the Phase IT Hydrogeologic Investigation.

The wells were screened as follows:

Screened interval Number of wells | Well identifications

Upper portion of the Nine wells CG-1-81, CG-2-S1, CG-5-S1, CG-

shallow aquifer 6-S1, CG-7-S1, CG-8-S1, CG-9-
S1, CG-10-S1 and CG-11-S1

Lower portion of the Nine wells CG-1-82, CG-2-S2, CG-5-S2, CG-

shallow aquifer 6-S2, CG-7-S2, CG-8-S2, CG-9-
S2, CG-10-S2 and CG-11-S2

| Intermediate aquifer Four wells CG-1-1, CG-2-1, CG-5-1 and CG-

9-1

Deep aquifer Two wells CG-4-D and CG-5-D

Wells screened in the intermediate and deep aquifers were installed using temporary conductor
casing to prohibit cross contamination of aquifers during well installation. Details of the drilling,
well installation, and decontamination procedures relevant to the Phase II wells are included as
part of the Phase II Hydrogeological Investigation Report (SE/E, 1989b) and summarized in
Table 4-1. Figure 4-4 shows the location of the Phase II wells.

The locations of these wells were selected based on the monitoring well installation criteria
established in the Phase I Hydrogeologic Investigation, 1990, using groundwater concentrations
and groundwater flow directions. All of these wells were installed on the facility. The "S1" -
shallow aquifer wells were screened from two feet above to eight feet below the shallow aquifer
water table. The "S2" shallow aquifer wells were screened at the base of the shallow aquifer,

approximately 30 to 40 feet bgs. The intermediate wells were screened at the base of the middle
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silt and sand unit, approximately 55 to 65 feet bgs. The deep wells were screened in the upper

portion of the deep aquifer.

4.1.4 Phase |ll [Off-Site] Hydrogeologic Investigation Work Plan - 1991

Seventeen wells were installed in 1992 as part of the Phase III Hydrogeologic Investigation.
Five wells were screened in the upper portion of the shallow aquifer (CG-101-S1, CG-102-S1,
CG-103-S1, CG-104-S1 and CG-105-S1), five wells in the lower portion of the shallow aquifer
(CG-101-S2, CG-102-S2, CG-103-S2, CG-104-S2 and CG-105-S2), five wells in the
intermediate aquifer (CG-102-1, CG-103-1, CG-104-1, CG-105-1, and CG-111-I) and two wells in
the deep aquifer (CG-102-D and CG-104-D). All wells were installed upgradient, cross gradient
and downgradient of the facility. Wells screened in the intermediate and deep aquifers were
installed using temporary conductor casing to prohibit cross contamination of aquifers during
well installation. Details of the drilling, well installation, and decontamination procedures
relevant to the Phase III wells are included in the Phase III (Off-site) Hydrogeologic
Investigation (SE/E, 1991) and are summarized in Table 4-1. Figure 4-5 shows the locations of
the Phase IIT wells.

Wells CG-101-S1 and CG-101-S2 were installed to monitor upgradient water quality. These
"101" wells were installed in place of the proposed wells, CG-3-S1 and CG-3-I, because of
accessibility issues. Four clustered well groups (CG-102 through CG-105), with three to four
wells in each group, were installed hydraulically down-gradient and cross-gradient from the
facility. These wells are located on approximately 200-foot centers at distances from the facility
ranging from 150 to 400 feet to the south, west, and northwest. The deep wells at CG-102
through CG-104 were installed to verify the continuity of the deep aquifer. The "S1" shallow
aquifer wells were screened three feet above and seven feet below the shallow aquifer water "
table. The "S2" shallow aquifer wells were screened at the base of the shallow aquifer. The
intermediate wells were screened at the base of the intermediate aquifer. The deep wells were

screened within the upper portion of the deep aquifer.
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4.1.5 Post-Phase Il Hydrogeologic Investigation Work Plan Monitoring Wells

After completion of the Phase III Hydrogeologic Investigation (SE;E, 1991), fifty-six additional
groundwater monitoring wells were installed at or in the vicinity of the facility. These wells
were installed to fill specific data gaps that were identified by the EPA, Ecology, and PSC.
Separate work plans were prepared prior to installation of these wells, as discussed in this
section. Figure 4-6 shows the locations of the post-Phase III Hydrogeologic Investigation wells
(“Post Phase I11").

4.1.5.1  North Field Investigation Work Plan

Two wells, CG-11-1 and CG-12-1, and a nested shallow aquifer piezometer within well CG-12-1
were installed in September 1998 to provide information about the intermediate aquifer
groundwater elevations and constituent concentrations near the northern boundary of the facility.
CG-12-1 was installed at the north end of the North Field and CG-11-I was installed clustered
with the Phase IT wells CG-11-S1 and CG-11-S2. Wells screened in the intermediate aquifer
were installed using temporary conductor casing to prohibit cross contamination of aquifers
during well installation. The wells were installed with slightly different construction (i.e., sand
pack and screen type) than those installed during the Phase III Hydrogeologic Investigation

based on recommendations from EPA.

A variance from the WAC 173-160-420 (3) “Minimum Standards for Construction and
Maintenance of Wells” was required to construct the dual completion monitoring well and
piezometer well, CG-12-1 and CG-12-S1. The variance was granted on October 19, 1998, by the
Water Resources Program, Department of Ecology (Ecology, 1998). Details of the drilling, well
installation, and decontamination procedures relevant to these wells were reported in the North

Field Intermediate Well Installation Report (PSC, 1999a) and are summarized in Table 4-1.
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4.1.5.2 Final Soil Gas Sampling and Analysis Plan -2000

Two groundwater monitoring wells (CG-112-S1 and CG-113-S1) were installed in 2000 in
accordance with the Final Soil Gas Sampling and Analysis Plan (PSC, 1999b). The purpose of
the wells was to correlate sample results between water table interval groundwater samples and
soil gas samples collected from similar depths at nested permanent soil gas ports. Each well was
screened in the upper portion of the shallow aquifer. Details of the drilling, well installation, and
decontamination procedures relevant to the soil gas/groundwater monitoring wells are included

in the Final Soil Gas Sampling and Analysis Plan (PSC, 1999b) and are summarized in Table 4-
1.

The wells were installed directly hydraulically downgradient of the facility. Well CG-113-S1 is
located on the east side of the building located at 5409 Denver Avenue South. Well CG-113-S1
is located on the east side of the building located at 672 South Lucile Street. Well CG-112-S1 is
co-located with soil gas port CG-2-SG. Well CG-113-S1 is co-located with two soil gas ports,
CG-3-SG and CG-4-SG. The wells were screened through the water table, with two feet of the
screen above the high water table mark and approximately eight feet of the screen below the

water table.

4.1.5.3 RFI Well Installation

Fifty-four (54) groundwater monitoring wells were installed in 2002 and two wells additional
wells were installed in 2003 in accordance with the Final RFI Well Installation Work Plan (PSC,
2001c). Wells were installed upgradient and downgradient of the facility between Airport Way
South to the East and the Duwamish River to the West. The purpose of these wells was to
provide a monitoring program to characterize groundwater upgradient and downgradient of the

facility. The well locations were chosen based on chemical data from groundwater
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reconnaissance locations in the area.! In addition, 13 soil borings were installed for lithological
logging and geotechnical soil sampling (S34, Y26, W23, M29, S15, P18, K21, F16, H14, K10,
D13, and D10). .

Wells were screened at different intervals, based on the chemical data from the reconnaissance
borings, within the shallow, intermediate, and deep aquifers. Twenty-one (21) wells were
screened at the water table, 23 wells were screened in the lower shallow aquifer, 11 wells were
screened in the intermediate aquifer, and 1 well was screened in the deep aquifer. Wells screened
in the intermediate and deep aquifers were installed using temporary conductor casing to prohibit
cross contamination of aquifers during well installation. Details of the drilling, well installation,
and decontamination procedures are included in the Final RFI Well Installation Work Plan (PSC,

2001c) and summarized in Table 4-1. Figure 4-6 shows the locations of the monitoring wells.

4.2 Soil Gas Port Installation

In 1991, a total of five soil gas monitoring ports (CG-2-SG, CG-3-SG, CG-4-SG, CG-5-SG, CG-
6-SG) were installed hydraulically down-gradient of the facility. The purpose of the soil gas
ports was to help quantify the potential for VOCs in groundwater to intrude into nearby
basements. The locations of these ports were based on their proximity to the residences where
the potential exposures were expected to be highest. These wells are located hydraulically

downgradient of the facility, on Denver Avenue South.

"'Two wells were installed in 2003 to fill data gaps not filled by the initial RFI Well Installation in 2002. CG-151-
25 was installed close to the Duwamish River at the west end of South Fidalgo Street. CG-140-30 was installed as
part of the "140" cluster located at the intersection of South Fidalgo Street and East Marginal Way South. Well CG-
151-25 is not included in the PCAMP and is only used for hydrological purposes, as it is the closest well to the
Duwamish Waterway, but is immediately downgradient of another source area. Well CG-140-30 replaces well CG-
140-WT in the PCAMP.

Section 4 Final 11/10/03 4-10



FINAL COMPREHENSIVE
REMEDIAL INVESTIGATION REPORT
' GEORGETOWN FACILITY

The soil gas monitoring ports were constructed similar to the groundwater monitoring wells. All
soil gas ports were installed in accordance with the State of Washington well construction
requirements that were in effect at the time of installation; however, they are screened in the
vadose zone. The soil gas ports were constructed using one-inch diameter, stainless steel risers
with six feet of one-inch diameter, stainless steel, 0.020-inch slot screen. The bottoms of the
screens were fitted with caps. Airtight fittings were used to connect the top of the risers to a
stainless steel ball valve that can be used to attach tubing between the port and an air sampling
canister. Fittings were threz;ded with Teflon® tape. Details of the drilling, well installation, and
decontamination procedures relevant to the soil gas ports are included in the Final Soil Gas
Sampling Analysis Plan (PSC, 1999b). Hugh G. Goldsmith & Associates, Inc. surveyed the soil
gas ports on February 15, 2001.

Soil gas monitoring port nomenclature is similar to that for the groundwater monitoring wells
with one exception. In place of the single letter that indicates the aquifer in which the well is
screened, the two-letter string “SG” is used to indicate a “soil gas” monitoring port screened in

the vadose zone.

Table 4-3 summarizes the soil gas port completion details. Table 4-4 shows the survey
information for the soil gas ports. Boring logs and construction diagrams for soil gas ports are

presented in Appendices 4D and Figure 4-7 shows their locations.

4.3  Soil Vapor Extraction Well Installation

-

In 1993, four soil vapor extraction (SVE) wells (V-1 through V-4) were installed at the facility as
a soil interim measure (BEI, 1992b). The purpose of the interim measure was to extract soil gas
from the vadose zone in the North Field of the facility, to reduce (a) the concentrations of '

contaminants within the vadose zone soils and (b) the potential for vapors to migrate.
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The locations of these ports were determined based on previous investigations, which indicated
that the highest concentrations in soil and some of the highest concentrations in shallow aquifer
groundwater had been detected in the North Field. Although the wélls were intended to extract
vapors from the vadose zone, the wells were screened in both the vadose zone and saturated
zones to account for the groundwater table fluctuations. Well depths range from 17 to 28 feet
bgs. Details of the drilling and well installation procedures are included in the Interim Measures

Selection Report (BEL, 1992b) and are summarized in Table 4-5.

Horton Dennis & Associates surveyed the SVE well measuring points on April 7, 1995. In 2001,
PSC converted these values to the Hugh G. Goldsmith & Associates, Inc. coordinate system
based on the North American vertical datum of 1988. Table 4-6 presents the survey information
for the SVE wells. Well construction diagrams for the SVE wells are presented in Appendix 4E
and Figure 4-8 shows the SVE well locations.

4.4 Groundwater Monitoring Well Decommissioning

Monitoring wells within the PCAMP network that need to be replaced or decommissioned
require a permit modification to be approved by the lead agency for the facility. Table 4-1
identifies PCAMP wells that have been abandoned and their abandonment date. Wells were
decommissioned in a manner consistent with WAC 173-160. Available well decommissioning
records are included in Appendix 4C. Not all records are available for wells decommissioned in
the 1980s. Figure 4-9 shows the former locations of decommissioned wells including the wells
that do not have available decommissioning records but are believed to have been

decommissioned.

4,41 Phase Il Hydrogeologic investigation

Seven of the G-series wells (G-1, G-2, G-3, G-4, G-7, G-8 and G-9) and four of the HC-series
wells (HC-4, HC-5, HC-6 and HC-8) were decommissioned between August 9 and August 14,

1989. The seven G-series wells were decommissioned because of questionable well construction
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practices. The four HC-series wells were decommissioned because they were judged obsolete
(SE/E, 1989a). Wells G-5 and G-6 were not decommissioned because they could not be located

at the time of the other G-series well decommissioning.

Wells G-1, G-2, G-3, G-4, G-7, G-8, G-9, HC-4 and HC-6 were located too close to fences, walls
or overhead obstructions to permit overdrilling. These wells were decommissioned by first
knocking the bottom of the well casing out with a steel pipe, then cementing a PVC cap with a
camlock-fitted elbow joint to the top of each well casing. Bentonite/cement slurry, equivalent to
three well volumes, was pumped into each well and forced through the bottom of the well screen.
An attempt was made on each well to pull the casing out using a boom truck. All of the casings
and screens were extracted from wells G-1, G-4 and G-8. Only the riser pipes were retrieved
from wells G-2, G-3 and G-7. Well casings and screens could not be extracted from wells G-9,
HC-4 and HC-6 (SE/E, 1989b).

Wells HC-5 and HC-8 were decommissioned by over-drilling the well casing with a Mobile B61
drill rig, using a six-inch i.d. auger. The upper six to eight feet of PVC casing was removed
through the top of the auger because the PVC casing broke during over-drilling. Two to four feet
of casing was left in the decommissioned borings. The borings were over-drilled by two feet
below the bottom of the well. The borings were then back-filled with medium bentonite chips
(Enviroplug brand). The chips were poured through the top of the hollow-stem auger as the
auger flights were withdrawn. From 0.5 to one foot bgs, bentonite chips were poured into the
open borehole. The hydrated chips were allowed to set for 24 hours and then sealed with

concrete. -

The remaining HC-series wells (HC-1, HC-2, HC-3, HC-7, HC-9 and HC-10) were not
decommissioned with the G- and HC-series wells because they were considered potentially
useful for a possible future groundwater recovery system. However, these wells were
decommissioned later (in November 1992) because the methods used for their installation were

considered unacceptable compared to current construction standards.
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According to decommissioning records, the remaining HC wells were decommissioned by
running a tremie pipe to the bottom of the well and pumping cemeni bentonite grout from the
bottom up. When the well waS full of grout, the tremie pipe was pulled and the well was topped
off with grout. Grout was then pumped into the riser through a grout hose to force the grout out
of the screen and into the formation. After pressure grouting the well, the top of the well was cut

and the remaining space was filled with grout.

Wells G-1, G-2, G-9, HC-4 and HC-6 were replaced during the Phase II Hydrogeologic
Investigation by wells CG-11-S1, CG-9-S1, CG-6-S1, CG-10-S1 and CG-8-S1, respectively.

The replacement wells were completed prior to the next scheduled groundwater sampling event.

Wells CG-2-D and CG-4-D were decommissioned on January 22, 2002 in accordance with
Permit Modification 43-2 submitted to EPA on August 24, 2001, because they were
inappropriately constructed and not in compliance with the State of Washington well

construction and wellhead protection requirements.

Well CG-7-S1 was decommissioned on August 6, 2002, in accordance with Permit Modification
50-1’ submitted to Ecology on June 18, 2002, because the well integrity was poor and the well
was out of compliance with state well maintenance regulations. This well was in a high traffic

area and the well cap had been broken many times, possibly allowing surface water intrusion into

the well.

Well CG-2-1 was decommissioned on August 8, 2002, in accordance with Permit Modification
49-1’ submitted to Ecology on April 14, 2002, because the well screen was broken, rendering it

unusable for sampling and out of compliance with state well maintenance regulations.

In the Hydraulic Control Interim Measure Construction Work Plan (URS/Geomatrix, 2003) and

permit modification request GTMOD-60-1, PSC proposed to abandon some wells because they
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were either within the wall alignment or so close to the proposed wall alignment that they would
be damaged by the construction of the wall. The following wells were abandoned prior to wall
construction in July 2003: CG-2§1, CG-2-S2, CG-7-S2, CG-8-§1, CG-8-52, CG-9-S1, CG-9-S2,
CG-9-1, CG-11-S1, CG-11-S2, CG-11-], CG-.12-S 1. CG-12-1, CG-105-S1, CG-105-S2, CG-105-
I. All wells were grouted in place, per applicable well decommissioning regulations in WAC-
173-160. A tremie pipe was used to pump a bentonite grout to the bottom of the well to the top,
forcing grout out the screen into the formation. After pressure grouting the well, the top of the

well was cut and the remaining space was filled with grout.

4.5 Groundwater Monitoring Well Development

All wells were developed upon installation. Table 4-7 describes the development process for
each well since Phase I. After the Permit became effective, well integrity was verified on an
annual basis. If any wells did not meet well integrity requirements as specified in Section VILH
of the original Permit then those wells were developed annually. The following three sections
describe the well development procedures used in the past and the current SOP for well

development and well integrity methodologies.

4.5.1 Initial Well Development
4.5.1.1  An Evaluation of Groundwater - 1982

An Evaluation of Groundwater - 1982 groundwater monitoring wells (G-1, G-2, G-3, G-4, G-5,
G-7, G-8, G-9 and HC-4 through HC-8) were developed prior to collection of the first
groundwater sample from the wells. More than 10 casing volumes of groundwater were
evacuated during a one-week period to minimize potential well fabrication-related
contamination. Information regarding the type of equipment used, the ﬂoQ rate used for

purging, and the total volume of water purged is unavailable.
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4.5.1.2 Phase | Hydrogeologic Investigation Work Plan - 1987

Phase I groundwater monitoring wells (CG-1-D and CG-3) were developed by using a gasoline
powered centrifugal pump. The flow rate was controlled at the discharge end using a ball valve.
Both wells were pumped until the discharge water contained only a small amount of silt and fine
sand. Because of its low yield, CG-2-D was developed using a bailer. Field documentation is
unavailable to determine if the well ran dry, or how many attempts were made to develop this
well. Water was removed using a ten-foot-long, 1.25-inch o.d., PVC, single check-valve bailer.
The volume of water removed from CG-2-D was approximately 16 gallons. This well was not
considered to be fully developed because less than three well volumes of groundwater were
removed. Documentation regarding any further action taken to completely develop this well is
unavailable. However, PSC redeveloped all monitoring wells in 1998 and checks silt build up in
wells annually to determine if wells need to be redeveloped. Therefore, the initial development

of these wells is not considered problematic for the quality of the data used in the RL

4.5.1.3  Phase Il Hydrogeologic Investigation: A Proposal for Sampling and Analysis -
1988

Phase II groundwater monitoring wells (CG-1-S1, CG-1-S2, CG-1-1, CG-2-S1, CG-2-S2, CG-2-
I, CG-4-D, CG-5-S1, CG-5-S2, CG-5-1, CG-5-D, CG-6-S1, CG-6-S2, CG-7-S1, CG-7-S2, CG-8-
S1, CG-8-S2, CG-9-S1, CG-9-S2, CG-9-1, CG-10-S1, CG-10-S2, CG-11-S1, and CG-11-S2)
were developed using a surge block and bailing and/or pumping with a Homelite Waterbug
pump. The wells were considered developed once the groundwater was free of sediment, non-
turbid, or showed no further improvement and field measurements of pH and conductivity
stabilized within 10 percent. The recorded pumping rates ranged from 1.5 (CG-9-I) to 6.0 (CG-
1-S1) gallons per minute (gpm). Well CG-5-D ran dry during development. Wells CG-2-I and
CG-4-D were not purged a minimum of three well volumes, and were not considered fully
developed. Documentation regarding any further action taken to completely develop these wells
is unavailable. However, PSC redeveloped all monitoring wells in 1998 and checks silt build up

'in wells annually to determine if wells need to be redeveloped. Therefore, the initial
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development of these wells is not considered problematic for the quality of the data used in the
RL

4.5.1.4  Phase lll [Off-Site] Hydrogeologic Investigation Work Plan - 1991

Phase III groundwater monitoring wells (CG-101-S1, CG-101-S2, CG-102-S1, CG-102-S2, CG-
102-1, CG-102-D, CG-103-S1, CG-103-S2, CG-103-1, CG-104-S1, CG-104-S2, CG-104-1, CG-
104-D, CG-105-S1, CG-105-S2, CG-105-1, and CG-111-I) were developed using a bailer or
pump. Water quality parameters (turbidity, pH, and conductivity) were measured periodically
during development. The wells were considered developed when two successive readings of the
water quality parameters had stabilized to within 10 percent of each other. A minimum of three
times the volume of water added to the borehole during drilling was removed from each well.
Well CG-102-D ran dry during development. Well CG-104-D was not purged a minimum of
three well volumes and was not considered fully developed. Documentation regarding any
further action taken to completely develop this well is unavailable. The initial water level for
well CG-105-S2 was not available to calculate the required three well volumes for purging.
However, 450 gallons were removed during development. This is more than three times the
estimated well volume. Therefore the well is considered to have been fully developed. PSC
redeveloped all monitoring wells in 1998 and checks silt build up in wells annually to determine
if wells need to be redeveloped. Therefore, the initial development of these wells is not

considered problematic for the quality of the data used in the RI.

4.5.1.5  Post Phase Ill Work Plan Investigations

North Field Investigation, 1999

Groundwater monitoring wells (CG-11-I and CG-12-I) were developed using several methods
because of poor recovery. The methods employed included pumping with a submersible pump
(Grundfos brand, EZ-Reel model), bailing, and pumping with a peristaltic pump. When
developing well CG-11-1, the PVC surge block was replaced by a Grundfos EZ-Reel submersible

pump owing to its greater weight and diameter. Initially, the Grundfos EZ-Reel submersible
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pump was used to purge the wells, and was raised and lowered slowly through the screened
interval. A bailer was used after the wells had been surged to remove excess sediment. A
peristaltic pump was also used once in an attempt to remove sedimént from the bottom of the
well; however, this pump was ineffective because of the depth of the water. These methods were
found to be relatively ineffective in developing the well to the point where it could fully recover.
The PVC surge block was ineffective and the Grundfos pump was used as a surge block. After
attempting this method (using the'surge block) three times, the groundwater at CG-11-I returned
to its pre-development elevation. However, this well does not meet the requirements of the
current well development methodology requirements, because the water quality parameters did

not stabilize or the well was not purged of five volumes of water.

Each of the methods described above were also used in developing well CG-12-1, and were also
considered unsuccessful for this well. Consequently, a well development rig with a five-inch by
two-inch surge block attached to a seven-foot, 30-pound rod was used. The surge block had a
rubber lip around it, which created a relatively tight fit in the well. This enabled the surge block
to create pressure and suction within the well as it was moved up and down the well screen.
Following surging with the development rig, the well was pumped using the Grundfos EZ-Reel
submersible pump throughout the screened interval. The water level recovered at a faster rate
than previously observed, and the well was considered fully developed. This method was also

used to successfully finish developing well CG-11-1.

Final Soil Gas Sampling and Analysis Plan, 2000

Groundwater monitoring wells CG-112-S1 and CG-113-S1 were developed using a Wattera®
pump. The wells were developed according to SOP NO. PSC-121 (Appendix

4B). Water quality parameters (temperature, dissolved oxygen, turbidity, pH and conductivity)
were measured periodically during development to determine adequate development. Once the
water quality parameters stabilized over three consecutive readings and a minimum of three

times the well volume of water had been removed, the wells were considered developed. In
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order to not disturb the recently placed sand pack, a surge block was not used to develop these

wells.

RFI Well Installation, 2002-2003

The 54 groundwater monitoring wells installed in 2002 were developed using multiple battery
powered, in-line Whale pumps according to the procedures in SOP NO. PSC-121 (Appendix
4B). Water quality parameters (temperature, dissolved oxygen, turbidity, pH and conductivity)
were measured periodically during development to determine adequate development. Once the
water quality parameters stabilized over three consecutive readings and a minimum of three
times the volume of water had been removed, the wells were considered developed. In order to

not disturb the recently placed sand pack, a surge block was not used to develop these wells.

2003 Well Installation

The two groundwater monitoring wells installed in 2003 were developed using a submersible
pump according to the procedures in SOP NO. PSC-121 (Appendix 4B). Water quality
parameters (temperature, dissolved oxygen, turbidity, pH and conductivity) were measured
periodically during development to determine adequate development. Once the water quality
parameters stabilized over three consecutive readings and a minimum of three times the volume
of water had been removed, the wells were considered developed. In order to not disturb the

recently placed sand pack, a surge block was not used to develop these wells.

4.5.2 Annual Well Development

-

Section VIL.H.3 b) of the Permit states, “If the well has a build-up of one foot or more of
sediment at the bottom, then the well is redeveloped and the sediment is removed.” Well
integrity is evaluated annually by pulling the dedicated pumps and measuring the total well
depths. As an option, PSC may perform slug tests or specific capacity tests in accordance with

condition VIL].3 of the Part B permit.
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Since 1998, PSC has implemented a well integrity standard that is stricter than the permit
requires. Total well depths have been measured and recorded annually and all wells with 0.5 feet
or more of silt buildup are redeveloped. Prior to 1998, annual well measurement and

development were not well documented.

4.6 Groundwater Sampling
4.6.1 Monitoring Well Sampling Program

PSC has collected quarterly groundwater samples from the PCAMP network since 1993. Over
the years the PCAMP network has been changed by removing wells, adding wells, and changing
the analyte list. Changes to the PCAMP are recorded in Table 4-8a (PSC, 2002b). In addition,
the current sampling program for natural attenuation monitoring is provided in Table 4-8b (PSC,
2002a). All groundwater data collected since 1993 are provided in Appendix 9A. As mentioned
earlier, only groundwater data collected between the first quarter of 2000 and the first quarter of

2003 are included in the analysis provided in Section 9.0 and in the RA.

Figure 4-1 shows the current quarterly groundwater monitoring network, which consists of 82
active groundwater monitoring wells. Table 4-8 describes the current PCAMP sampling
program including a well-by-well analyte list and sampling schedule. The frequencies of
groundwater sampling and water level elevation measurements for each of the monitoring wells
are shown in Table 4-9. These frequencies are consistent with those stipulated in Table VII-2 of
the original RCRA Part B permit for the facility (EPA, 1991), the Pre-Corrective Action
Monitoring Plan, and all permit modifications. Natural attenuation samples have been collected
since the fourth quarter of 1999; however, this is not a permit requirement. Table 4-10 lists the

natural attenuation parameters that have been analyzed since the fourth quarter of 1999.

One monitoring well is sampled biannually for the constituents listed in Appendix IX of 40 CFR
264 Part 264, as required by Permit Conditions VIL.B.3 and VIL.G.4 and as modified in Permit
Mod GTMOD 5-4. Initially, the designated frequency was annual, beginning fourth quarter of
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1982. Permit Condition VIL.G.4 was modified, effective June 15, 1994, to conduct Appendix IX
analysis biennially, beginning the fourth quarter of 1995. The designated well was selected by
PSC, with approval of EPA. The selection and approval was based on well location and on the
number and levels of constituents detected at the selected well. Wells that have been sampled
for Appendix IX analysis include CG-5-S1, CG-9-S1, and CG-104-1. The well designated for
Appendix IX analyses in Permit Mod GTMOD 5-4 is CG-104-1.

If any of the Appendix IX constituents that were initially not listed on the quarterly groundwater
analyte list were detected, the concentrations of the detected constituents were reported to the
EPA and/or Ecology and added to the analyte list for quarterly sampling under Permit
requirement VII.G.4. Appendix IX analysis includes: VOCs, SVOCs, PCBs, Total Metals,
Chlorinated and Organophosphorus Pesticides, Chlorinated Herbicides, Dioxins, Furans, Sulfide,

and Cyanide.

All groundwater monitoring wells currently in the sampling program have dedicated pumps,
except well V-1. V-1 is an operational venting well from the SVE system and does not have a
dedicated pump. Dedicated pumps were installed in all groundwater monitoring wells without
LNAPL (CG-11-S1 and CG-6-S1) i)ﬁor to the first quarter 1994 quarterly sampling event (BEI,
1994b). Phase I, Phase II (excluding CG-11-S1 and CG-6-S1 due to product), and Phase III
monitoring wells (excluding CG-11-I and CG-12-1 which were not yet installed) had dedicated
pumps installed on April 3, 1995. Since LNAPL had not been detected in the last five years at
CG-11-S1 or CG-6-S1, those wells and CG-11-I and CG-12-I had dedicated pumps installed in
November 1999. -

The dedicated pumps installed in Phase I, II, and III wells were Grundfos® Redi-Flow II electric
submersible pumps, provided and serviced by Instrumentation Northwest, Inc. However, it was
determined that the Grundfos® pumps had problems associated with the low-flow sampling
method, especially with wells screened in effervescent aquifers. The low flow rates were

difficult to achieve using the Grundfos® pumps; resetting the pumps to maintain flow was often
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required, and increased groundwater temperatures occurred at some wells. At many of the wells
that had experienced these problems, the Grundfos® pumps were replaced in 2002 by new
Bladder pumps. Bladder pumps were pilot tested before purchase aﬁd the pilot test showed that
the pumps were not affected by the effervescence. Table 4-1 shows which wells currently have

each type of dedicated pump.

When the 54 RFI wells were installed in 2002, dedicated bladder pumps were installed at each

well.

4.6.2 Water Level Measurements

The PCAMP requires that water levels be measured on a quarterly basis. Table 4-9 lists the
frequency at which water levels have been measured at each well. The water levels are
measured prior to each sampling event or at least 24 hours after the last day of sampling, if
necessary. It is desirable to perform the water level survey in the shortest period of time that is
practical. For this reason, each time a water level survey is performed, it is completed within a

24-hour period, usually within one working day.

The presence of undetected nonaqueous-phase liquids (NAPLs) may confound the interpretation
of water level data. Light NAPLs (LNAPLSs) are less dense than water and tend to float on the
water surface, while dense NAPLs (DNAPLSs) are denser than water and tend to sink to the
bottom of the water column. Each well has been checked annually for the presence of LNAPL

and DNAPL when the dedicated pumps are removed to measure sediment accumulation.

The methods used for measuring water levels and NAPL thickness are described in SOP NO.
PSC-120 (Appendix 4B). At each well, the groundwater elevation is obtained by measuring the
corresponding DTW, which is the distance from the surveyed measuring point (MP) to the upper
surface of the water column in the well. By convention, DTW is understood to be positive when

the water surface is below the MP, and negative when the water surface is above the MP. The
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groundwater elevation is calculated as the difference between the surveyed MP elevation and the
DTW:

Zow = Zwvp - DTW

e where Zgw is the inferred groundwater elevation and Z yp is the surveyed elevation of

the monitoring well’s MP.

In 1994, LNAPL was detected at wells CG-6-S1 and CG-11-S1. When the high-volume purging
technique for groundwater sampling was employed, the presence of LNAPL and DNAPL was
checked prior to sampling. During the An Evaluation of Groundwater - 1982 Investigation, this
was done by first measuring the depth to water using an Actat, Model 300, Olympic Well Probe.
Then, the presence of NAPL was checked using a peristaltic pump and a Teflon® bailer.- The
pump was first used to intersect the upper liquid surface to observe the potential presence of
LNAPL. Then, the bailer was lowered to the bottom of the well to observe the potential
presence of DNAPL. During the Phase II investigations, water levels were measured using an
Olympic Model 300 electric water probe. The potential presence of NAPL was evaluated using
a clear Teflon® bailer, lowered to the top one foot of the water column and, after examination, to

the bottom of the well (SE/E, 1989b).

Following the implementation of the low-flow sampling technique in November 1993, through a
variance to the permit, an electric oil-water interface detector was used to measure the depth and
thickness of floating or sinking contaminants. After dedicated pumps were installed in 1994,
annual tests for DNAPL have beén performed by pulling the pumps and then lowering an electric
oil-water interface detector to the top of the water table to test for the presence of LNAPL, then
to the bottom of the well to test for the presence of DNAPL. LNAPL has not been detected in
any well since 1994 and DNAPL has not been detected in any well to date. The NAPL

measurements are conducted at the same time well integrity tests are conducted each year.
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4.6.3 Groundwater Sampling Methodology for Permanent Wells

Groundwater samples taken for analysis must contain only fresh formation water to be
representative of the water-bearing zone. Water residing in the well casing and/or filter pack
becomes stagnant as the solution chemistry of the formation water changes with changes in
temperature, pressure, or gas content. In addition, wells should be sampled without disturbing

the water column to ensure that water closest to the well is being sampled.

The methods used to sample groundwater monitoring wells have changed as technology and
EPA recommended techniques have evolved. Consequently, several different groundwater
sampling methods have been applied since 1982. The following sections describe the various

methods used.

4.6.3.1  High Volume Purge

Monthly groundwater sampling from monitoring wells began August 9, 1982 and continued
through January 20, 1983. Following January 1983, groundwater sampling continued on a
periodic basis up to 1994. Prior to the second quarter 1994 sampling event, EPA approved the
use of high-volume well purge and sampling techniques to collect groundwater samples from

monitoring wells.

An Evaluation of Groundwater - 1982 Investigation

The G-series wells were sampled from 1982 through 1988. The groundwater sampling method
employed from August 9, 1982 to December 2, 1982, used a vacuum pump and a 20-liter glass
carboy. Approximately three casing volumes of groundwater were pumped from each well prior
to sampling (Harper-Owes and Hart-Crowser, 1983). The groundwater sampling method
employed after December 9, 1982 used a nitrogen air-lift displacement pump developed by Hart-
Crowser & Associates. The pump was constructed of stainless steel and Teflon® components,
with minimal sample-to-nitrogen contact érea. Information regarding the pumping rate was not

recorded in the Groundwater Monitoring Field Sampling Data Sheets. All sampling equipment
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was decontaminated with acid and acetone wash and triple rinsed with tap water prior to
sampling. Samples were sent to Am Test, Inc., Laucks Testing Laboratories, Inc., and Chemical

Waste Management, Inc. (Harper-Owes and Hart-Crowser, 1983).

Phase I Hydrogeological Investigation Work Plan - 1987
In December 1987, monitoring wells G-1, G-2, G-3, G-4, CG-1-D, CG-2-D and HC-9 were

sampled. Wells G-2 and G-3 ran dry. Well HC-10 was broken at approximately 25 feet bgs and
could not be sampled. Wells were purged using a Masterflex® Model 7549-39 high volume
peristaltic pump with Tygon tubing except for well CG-2-D. A PVC bailer was used to purge
well CG-2-D. Water quality parameters, pH and temperature were measured using a
Yokogawa® Model 51 pH meter, and specific conductivity was measured using a Hanna®
Model HI 8333 conductivity meter. All field test equipment was calibrated approximately every
four hours during sampling. The temperature, pH, and specific conductivity were measured

during well evacuation until successive readings of the parameters stabilized to within 10 percent
of each other (SE/E, 1988).

Sampling commenced after a minimum of three pore volumes of groundwater were removed and
stabilization was achieved. (Well CG-2-D ran dry and was sampled after recovery).
Groundwater samples were obtained using a 2.96-foot long, 0.14-foot 0.d. double check valve
Teflon® bailer and a peristaltic pump with Tygon tubing, with the exception of well HC-9. Well
HC-9 was sampled using a 0.05-foot 0.d. double check-valve Teflon® bailer. Monofilament line
was used for lowering the bailer into the well. Samples that were tested for dissolved priority
pollutant metals were filtered through a 0.45-micron nitrocellulose filter placed at the discharge
line of the peristaltic pump (SE/E, 1988). All groundwater sampling equipment was

decontaminated between monitoring well locations to minimize cross-contamination.

Phase II Hydrogeologic Investigation: A Proposal for Sampling and Analysis — 1988

Groundwater samples were collected in September and October 1989 from 24 new monitoring

wells (CG-1-S1, CG-1-S2, CG-1-1, CG-2-S1, CG-2-S2, CG-2-1, CG-4-D, CG-5-S1, CG-5-S2,
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CG-5-1, CG-5-D, CG-6-S1, CG-6-S2, CG-7-S1, CG-7-S2, CG-8-S1, CG-8-S2, CG-9-S1, CG-9-
S2, CG-9-1, CG-10-S1, CG-10-S2, CG-11-S1, and CG-11-S2 ) and the three existing wells (CG-
1-D, CG-2-D and CG-3) (SE/E, 1989b). -

Each well was purged using either a high capacity peristaltic pump (Cole-Palmer® Master Flex
Model #7549-30) and Tygon tubing, or a Teflon® bailer and polypropylene rope. Each
monitoring well was purged until a minimum of three pore volumes had been removed.
Groundwater temperature, pH, and specific conductivity were measured after the removal of
each pore volume. Sampling commenced after two successive readings of the water quality
parameters had stabilized to within 10 percent of each other, after three volumes were purged
(SE/E, 1989b). Wells with insufficient well yield (CG-5-D and CG-2-D) were purged by
lowering the water column to the top of the screen and allowing the well to partially recover
overnight. The following day, the water level was again lowered to the top of the screen and

then sampled. 10

Samples for VOC analyses were collected using a double check-valve Teflon® bailer equipped
with a bottom-drain sampling device. Samples collected for dissolved metals were filtered at the
time of sample collection using a QED® Sample Pro or similar 0.45-micron, in-line filter (SE/E
1988). All groundwater sampling equipment was decontaminated between monitoring well

locations to minimize cross-contamination.

Phase ITI [Off-Site] Hydrogeologic Investigation Work Plan - 1991

In compliance with the work plan for the Phase III Hydrogeologic Investigation, groundwater
samples continued to be collected quarterly for the 27 existing wells and 17 new monitoring
wells (CG-101-S1, CG-101-S2, CG-102-S1, CG-102-S2, CG-102-1, CG-102-D, CG-103-S1,
CG-103-82, CG- 103-1, CG-104-S1, CG-104-S2, CG-104-1, CG-104-D, CG-105-S1, CG-105-S2,
CG-105-1, and CG-111-I).
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To purge the wells, one of the following pieces of equipment was used:
e Masterflex® high-capacity peristaltic pump fitted with silicon and Tygon tubing;
o Teflon® bailer secured with monofilament line; or
¢ Grundfos® Redi-flo™ electric submersible pump.

Water quality parameters were measured using a HC DRT-15C turbidimeter, a Taylor® pocket
thermometer, and a DSPH-3 or Corning® pH/conductivity meter and an Issco® 8-20 controller

YSI 3800, purge saver, or similar water quality meter.

These wells were purged and sampled using methods similar to those used during the Phase II
Hydrogeologic Investigation. In addition, after removing a minimum of three pore volumes, and
after field parameters had stabilized, three consecutive measurements of turbidity, temperature,
pH and specific conductivity were recorded. The goal of this sampling methodology was to
maintain a water level above the screen and to keep total drawdown under 10 percent of the
saturated screen length during purging and sainpling. However, this was not always possible due
to hydrogeological conditions or equipment problems (as discussed in Section 5.0). Samples
were collected directly from the pump discharge line or using a Teflon® bailer. Samples
collected for dissolved metals analysis were filtered at the time of collection using disposable
QED® Sample Pro or similar 0.45-micron, in-line filters (SE/E, 1991). All groundwater
sampling equipment was decontaminated between monitoring well locations to minimize cross-

contamination.

46.3.2 Low Flow

On November 19, 1993, BEI requested a variance from the facility's Pre-Corrective Action

Groundwater Monitoring Plan (BEIL 1992c). EPA partially approved the variance on December
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10, 1993. Aspects of the variance that were approved included using dedicated sampling
equipment and low flow sampling techniques, and eliminating equipment blanks for wells with
dedicated sampling equipment. Beginning with the second quarter éJune) 1994 sampling event,
EPA approved low-flow purging and sampling techniques to obtain groundwater samples. Low-
flow groundwater sampling techniques are described in Low-Flow Groundwater Sampling
Procedure SOP NO. PSC-124 Revision 0 (Appéndix 4B). When sampling the dedicated wells,
an electric converter was connected to the Grundfos® Redi-Flow II submersible pump and
operated at a low flow rate. Using the EPA-approved low-flow sampling technique, water was
purged from the well at a rate of 1000 milliliters per minute (mL/min) or less while groundwater
field parameters were monitored at three- to five-minute intervals from the beginning of purging.
Sampling commenced after one well-volume of water had been purged and at least two

consecutive readings of water quality parameters agreed within 10 percent.

Immediately prior to sampling, the pumping rate was reduced to no more than 100 mL/min to
reduce the potential for degassing the sample of volatile constituents. Following the collection
of VOC samples, the pumping rate could be increased to a rate that did not exceed 1000 mL/min.
The sample bottles were filled directly from the sampling pump discharge hose. After all
samples were collected and before turning off the pump, two final water quality readings were

measured.

4.6.3.3 Micropurge®

On May 11, 1999, PSC requested a variance to the Pre-corrective Action Groundwater
Monitoring Plan (BEI, 1992) to change the sampling method from low-flow to Micropurge®.
On May 20, 1999 this request was granted on a trial basis. The PSC sampling team used EPA
approved Micropurge® sampling techniques at the facility from the second quarter of 1999 until
the first quarter of 2002. Wells were sampled according to the Micropurge® Groundwater
Sampling Procedure SOP NO. PSC-124 Revision 3 (Appendix 4B).
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In Micropurge® sampling, groundwater was purged at a rate of 300 mL/min or less while
groundwater field parameters were monitored at three-minute intervals from the start of purging.
Flow rate, water level and power converter hertz/pump speed were measured every three to five
minutes while purging to insure that the flow rate was at or below 300 mL/min and that
drawdown was not occurring. Sampling commenced once the following water quality
parameters were deemed stable: pH, specific conductivity, temperature, dissolved oxygen, redox
potential, and turbidity. There were two exceptions to the stability criteria: (1) if the well has run
dry twice or (2) one full well volume of groundwater has been removed. If either of these

exceptions occurred, the well was sampled even if the parameter readings had not stabilized.

The sample bottles were filled directly from the sampling pump discharge hose. Immediately
before sampling, the pumping rate was reduced to no more than 100 mL/min to reduce the
potential for degassing the sample of volatile constituents. Flow rate was then turned back up to
300 mL/min after the VOCs had been collected. The order of sampling was as follows: VOCs,
SVOCs, PCBs, other organic constituents, total metals, and other inorganics. If the laboratory
did not add the necessary preservatives to the new sample bottles prior to sampling, then the

sampling team added the preservatives as prescribed by the lab.

After samples were collected and before turning the pump off, final water quality and water level

readings were measured and recorded. .

4.6.3.4 Revised Low-Flow Sampling

-

On March 18, 2002, EPA approved a revised version of SOP No. PSC-124 dated February 22,

2002 for use in quarterly groundwater sampling.2 This version of the SOP has been used for all

2 This revision of the SOP was prompted, in part, by a CME inspection by EPA in first quarter 2001 that lead to a
Notice of Violation (NOV) and later to a Compliance Order. The NOVs criticized PSC for failing to meet

monitoring well sampling standard operating procedures (even if the cause was related to naturally occurring
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quarterly groundwater sampling since that time. The SOP was revised after PSC had reviewed
the sampling techniques being used and determined that the SOP being used was too restrictive
to properly comply with under normal field conditions and with the Hmitations of the sampling
equipment. PSC reviewed federal guidance and discussed field problems with EPA and Ecology
staff prior to revising the SOP. The main changes made to SOP No. PSC-124 included slightly
increasing the flow rate limit, revising methodologies to counteract drawdown, factoring in the
accuracy of the equipment being used, and recording temperature but not waiting for it to
stabilize prior to sample collection. The general procedures for sampling technique remained

approximately the same as the previous version of the SOP.

4.6.4 Groundwater Sampling from Reconnaissance Borings

In addition to quarterly groundwater sampling of groundwater monitoring wells, one-time
groundwater samples were collected from reconnaissance borings during various investigations
to provide additional information r.egarding the groundwater characterization of the facility and
surrounding areas. Table 4-11 describes the groundwater samples collected from reconnaissance

borings. A brief description of the investigations and the methods employed is given below.

4.6.41 Phase | Investigation Work Plan - 1987

Thirteen groundwater samples were collected during a property transfer assessment in December
1987 (SE/E, 1988). Samples were collected at discrete intervals from two reconnaissance
borings during the installation of wells CG-1-D and CG-2-D, from approximately 10 to 89 feet
bgs. Water samples were collected at 10-foot intervals in boring CG-1-D and at 20-foot intervals

in boring CG-2-D. Figure 4-3 shows the sample locations for the Phase I Investigation.

conditions in the aquifer). The Order required that PSC evaluate the possible uncertainties related to changing the

sampling technique over time.
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Groundwater samples were collected using a two-foot long, three-inch diameter, stainless steel
Johnson® drive-point well screen with 0.010-inch slots attached to a threaded ten-foot length of
two-inch diameter, black iron riser. The screen was advanced ahead of the drill casing. Prior to
sampling, three times the volume of water inside the drive point and riser pipe were removed
using a three-foot long by 1.25-inch o.d. Teflon® bailer for each sample collected. The volume
was calculated from a measurement of the depth to water inside the riser. After the casing and
screen were purged, the sample was collected using a 1.8-foot by 1.0-inch diameter single check-
valve Teflon® bailer. Four sample bottles were filled at each sample interval, one for headspace
analysis and three for laboratory testing (VOC, SVOC, phenols, total metals and cyanide). More
information on the methods used to sample the reconnaissance borings are described in Phase [

Hydrogeologic Investigation (SE/E, 1988a).

4.6.4.2 Phase Il Hydrogeologic Investigation: A Proposal for Sampling and Analysis -
1988

Thirty-nine groundwater samples were collected from reconnaissance borings during the Phase II
Hydrogeological Investigation conducted in June 1989 through August 1989. At each "T"
boring location, two to three groundwater samples were collected. Samples were collected from
each of 14 reconnaissance borings at the following depths: the water table, approximately 18 to
22 feet below the water table, and at the termination depth (if greater than 29 feet bgs). Figure 4-

10 shows the sampling locations for the Phase II Hydrogeological Investigation.

Contrary to the Phase II Hydrogeological Investigation Proposal for Monitoring, Analyses, and
Testing (SE/E, 1989a), at least one volume of water inside the hollow-stem auger was not
removed before the drive point was installed as had been stipulated. This variance was necessary
because of heaving sands migrating up into the auger during the extraction of the water.
However, one pore volume was removed from within the auger after the drive point was
positioned. Groundwater samples were collected using a three-foot long, two-inch i.d. wound-

wire stainless steel drive-point well screen with a black iron riser pipe. The screen was advanced
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ahead of the drill casing approximately 18 inches until the screen met refusal into soils from
which a split-spoon sample had been removed.

The pre-sampling procedures described in the Phase II Hydrogeological Investigation Proposal
for Monitoring, Analyses, and Testing (SE/E, 1989a) were not followed exactly.3 Prior to
sampling, the drive-point screen and casing were purged a minimum of three pore volumes using
a peristaltic pump, or a Teflon® bailer and polypropylene rope. Water quality parameters (pH,
specific conductivity and temperature) were measured after each pore volume was removed.
Sampling commenced after water quality parameters stabilized within 10 percent of each other
and at least three pore volumes were removed. Organic samples (VOC and SVOC) were
collected using a double-check-valve Teflon® bailer equipped with a bottom drain. Inorganic
samples (total and dissolved metals, and cyanide) were collected using a peristaltic pump with an
in-line high capacity FF-8200 0.45 micron nitrocellulose disposable filter. More information on
the methods used to sample the reconnaissance borings is given in Phase II Hydrogeologic

Investigation (SE/E, 1989D).

4.6.4.3 Phase lll [Off-Site] Investigation Work Plan - 1991

Semi-Annual Progress August 1993
Nineteen groundwater samples (GW-01 through GW-17, GW-103 and GW-104) were collected

from reconnaissance borings as part of the Phase III Hydrogeological Investigation during 1993.
Samples were collected with a RECON® System within the vicinity of the facility and in the
Georgetown neighborhood from the upper part of the shallow aquifer (12-15 feet bgs). The
RECON® System is a mobile laboratory consisting of laboratory-grade screening equipment and
a hydraulic probe for direct-push sampling. Figure 4-11 shows the sampling locations for this

Phase III Hydrogeological Investigation.

3 This is not considered an uncertainty in the RI, because PSC has collected much more recent monitoring well data
and reconnaissance data that are used for analysis in the Rl and RA.
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Four samples were collected to determine the comparability of groundwater samples cbllected
with the RECON® System with those collected from wells downgradient of the facility. Two
samples (GW-103 and GW-104) were collected with the RECON® System, one adjacent to CG-
103-S1 and one adjacent to CG-104-S1, and two samples collected from each of these wells.
These groundwater samples were analyzed by both the RECON® System gas chromatograph
(GC) and by an analytical laboratory by EPA Method 8240.

Groundwater samples were obtained by driving a one-inch o.d. steel probe to the expected depth
of the water table. The groundwater sampling tool was attached to the end of the probe and
consisted of a 19-inch stainless-steel screen enclosed in a steel sheath sealed by O-rings.
Groundwater was not purged, and water quality parameters were not measured, prior to sample
collection. The type of pump used and the rate of pumping are unknown. Samples were
collected for VOC analysis. A Hewlett-Packard® Model 5890A Series II gas chromatograph
(GC) was used for the headspace screening analysis. Compound separation and detection were
performed using a 30-meter wide-bore DB-624 capillary column and a flame ionization detector
(BEI, 1993). More information on the methods used to sarnple the reconnaissance borings are

described in Semi-Annual RFI Progress Report (BEI, 1993).

Semi-Annual Progress Report February 9, 1994

Twenty groundwater samples (RW-1 through RW-20) were collected as part of the investigation
to determine the location of additional step-out wells for the Phase III Investigation during
August 1993. Samples were collected using the RECON® System, from 20 boreholes at the
water table. The exact depths of the boreholes are not known. Figure 4-11 shows the sampling
locations for this Phase III Investigation. The methods used to sample the reconnaissance

borings are described in Semi-Annual RFI Progress Report (BEI, 1994a).*

4 This is not considered an uncertainty in the R, because PSC has collected much more recent monitoring well data

and reconnaissance data that are used for analysis in the RI and RA.
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4.6.4.4 Post-Phase lll Hydrogeologic Investigation Work Plans

Off-site Hvdropunch® Investigation Work Plan, July 1998

-

More than 100 temporary groundwater samples were collected during the Off-site Hydropunch®
Investigation, from July 16, 1998 through July 31, 1998. Figure 4-12 shows the sampling
locations. Samples were collected from 21 Hydropunch® locations (reconnaissance borings) at

four or five different depths. Sample locations were based on a 200-foot rectangular grid.
Sampling occurred at: the following depths:

¢ the water table (approximately 15 feet bgs);

e the bottom of the shallow aquifer (approximately 30 feet bgs);

e the top of the intermediate aquifer (approximately 45 feet bgs);

e the bottom of the intermediate aquifer or the top of the silt unit (approximately 60 feet

bgs); and

e approximately 75 feet bgs, only if the silt unit had not been encountered at a lesser depth

in the same boring.

Groundwater samples were collected from monitoring wells following the low-flow procedure

designated in SOP NO. PSC-124 Revision 0. Groundwater samples were collected through the

following process:
e Attach a water sampling tool to the end of the drive rods.

e Insert the inner rods into the drive rods, engage the inner rod with the sampling tool, and

remove the threaded plug, opening the sampling tool.
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e Expose the screen by retracting the drive rods four feet.

e Run polyethylene tubing down the drive rods, with the top of the tubing attached to the

peristaltic pump.

e Purge one gallon of groundwater prior to sample collection. Information regarding the
flow rate is not available. Samples were collected from the bottom of the tubing for VOC

analysis.

¢ No water quality parameters were measured while purging the direct-push reconnaissance

borings.

The initial groundwater samples from reconnaissance borings were collected along rows one
through three of the grid and were simultaneously sampled with PSC’s neighboring groundwater
monitoring wells. Specifically, reconnaissance samples from location B1 were collected at the
same time that monitoring well cluster CG-5 was sampled. Reconnaissance samples from
location C2 were collected at the same time that monitoring well cluster CG-102 was sampled.
Reconnaissance samples from location D3 were collected at the same time that rhonitoring well
cluster CG-103 was sampled. Reconnaissance samples from location F3 were collected at the
same time that monitoring well cluster CG-104 was sampled. Reconnaissance samples from
location H3 were collected at the same time that monitoring well cluster CG-105 was sampled.
The groundwater samples from each well were obtained using the well’s dedicated sampling
equipment. More information on the methods used to sample the reconnaissance borings are

described in the Final Off-site Hydropunch Work Plan (PSC, 1998).

North Field Intermediate Well Installation Work Plan - 1998

Two reconnaissance groundwater samples were collected during the North Field Intermediate

Well Installation on September 4, 1998. Samples were collected at two discrete intervals in one
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borehole during the installation of well CG-12-1. One sample was collected at the water table
and the second sample was collected at the bottom of the shallow aquifer. Figure 4-6 shows the

sample locations for the North Field intermediate well installation. -

Reconnaissance groundwater samples were collected using the same procedure as previously
described in Section 4.6.3.3. Although no water quality parameters were measured, notes in the
field book suggest that a qualitative evaluation was made regarding the turbidity of the
groundwater, and that groundwater was purged until the water appeared to be relatively clear.
Samples were analyzed for VOCs, SVOCs, PCBs/pesticides, TPH and metals. More information
on the methods used to sample the reconnaissance borings is given in the North Field

Intermediate Well Installation Report (PSC, 1999a).

Supplemental Offsite Groundwater Characterization, Source Area and Off-Site Nature and

Extent of Plume Investigation Sampling and Analysis Plan - 2000

Between October 2000 and December 2000, 263 reconnaissance groundwater samples were
collected as part of the Source Area Investigation portion of the Supplemental Offsite
Groundwater Characterization. Samples were collected at ten-foot intervals from 38 boreholes.
Sample locations were located directly downgradient (hydraulically) of the facility on a 25-foot
rectangular grid. The samples were collected at 10foot or greater intervals, beginning at the
water table in the shallow aquifer, and continuing until the silt aquitard was encountered.
However, if a photo-ionization detector (PID) reading from a soil sample was high, then an
additional groundwater sample was collected, and screened at the corresponding interval. If this
interval was close to the original sampling location, subsequent locations were slightly adjusted
to accommodate this sample. Figure 4-13 shows the sampling locations for the Source Area |

Investigation.

The actual number of sampling locations and sampling intervals changed during the field event

based on the groundwater concentrations observed. Eight sampling locations on the Aronson
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property to the northwest of the facility were added based on observed groundwater
concentrations. Four sampling locations were added outside of the Stone Drew/ Ashe Jones
property based on observed groundwater concentrations. Four sampling locations (D-33
through D-36) were sampled at ten-foot intervals beginning at 63 feet bgs. VOC samples were
collected at all Source Area Investigation sampling locations. Cyanide and some natural
attenuation parameter groundwater samples were collected at designated locations to monitor

up-gradient and down-gradient conditions.

Between October 2000 and April 2003, 180 reconnaissance borings were instélled to collect 780
groundwater samples as part of the Off-site Nature and Extent Investigation during the
Supplemental Offsite Groundwater Characterization. These samples were located throughout the
Georgetown neighborhood, between the facility and the Duwamish Waterway. Sample locations
were initially set on grid nodes approximately 250 feet apart. However, access was limited to the
public right-of-way and sometimes sample locations had to be located further apart. Samples
were collected at 15-foot depth intervals or continuously at some locations, with maximum
sampling depths at each location based on exceedances of cleanup criteria in hydraulically up-
gradient locations. Figure 4-14 shows the sampling locations for the Off-site Nature and Extent

of Plume Investigation.

Sampling occurred in a step-out system depending on the depths and concentrations in the most
recent step-out investigation. A total of eight step-out investigations were conducted. In
addition, a few sample locations from the 1998 Hydropunch Investigation were re-sampled. The
initial 10 sample locations were analyzed for the complete facility Method 8260 VOC list.
Subsequent samples were only énalyzed for those VOCs where the nature and extent was not

defined.

Groundwater samples for both the Nature and Extent and Source Area Investigations were
collected using Geoprobe® direct-push sampling tools. Groundwater samples were obtained by

driving a one-inch o.d. steel probe to a given depth. Then, the 19-inch stainless-steel screen
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enclosed in a steel sheath was pushed out into the formation at the desired depth. Polyethylene
3/8-inch o.d. tubing was placed down the drive rods to the depth of the screen. Typically, one
gallon of groundwater was purged prior to sample collection. Headspace of the purged water
was measured using a Photovac® PID. Water quality parameters, turbidity, pH, temperature,
dissolved oxygen, specific conductivity, and oxidation potential were monitored at three separate
times during purging. Sometimes, less than one gallon was purged from a well because of less
porous subsurface material and difficulty encountered with the pump at greater depths. In each

instance, this was documented on the water quality sheet and in the field book.

To collect the groundwater samples, the pump was stopped and groundwater VOC samples were
collected from the bottom of the tubing. If an entire 40-mL VOC vial did not fill within one

tubing extraction, the bottle was discarded and a second attempt was made.

After the VOC samples were collected through the bottom end of the tubing, the tubing was re-
inserted into the drive rods and cyanide and natural attenuation groundwater samples were
collected, if necessary, through the top end of the tubing using the pump. If the volume of water
was limited, not all water quality samples were collected from the deeper sampling intervals.

After collecting the samples, the tubing was discarded and the sampling tools withdrawn and

decontaminated.

More information on the methods used to sample the reconnaissance borings and results are
given in the Georgetown Supplemental Offsite Groundwater Characterization Work Plan (PSC,
2000) and subsequent Georgetown Supplemental Offsite Groundwater Characterization:

Technical Memorandum I through XII.

Indoor Air Analysis Investigation Sampling and Analysis Plan, 2000

Eleven groundwater reconnaissance samples were collected during the Indoor Air Analysis
Investigation on August 29, 2000. Sample sites were located beneath homes, hydraulically

upgradient of homes, and in the City rights-of-way near the sidewalks outside two homes. The
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samples were collected at the water table (10 to 12 feet bgs). Figure 4-15 shows the groundwater

sample locations for the Indoor Air Analysis Investigation.

Groundwater samples were collected using Geoprobe® direct-push sampling tools. The drilling
contractor, Cascade Drilling, custom fabricated the tools used for this investigation. The
Geoprobe® rods were already in the ground from sampling soil gas. The screens did not have a
sheath to uncover the screens, as the screens were already exposed while collecting the soil gas
samples. To collect the groundwater samples, the one-inch o.d. steel rod was pushed deeper,
from the vadose zone to the water table (8 to 12 feet bgs). At three locations, 672L-1, 672L-2
and 5409D-1, Geoprobe® rods were pushed at an angle near the side of the residences to obtain
groundwater samples as close to the basements as possible. Drill rig access was limited on the
east side of the 672 S. Lucile St. residence because of utilities and a large tree. Consequently,
groundwater samples were collected on the west side of the house. Geoprobe® rods were
installed vertically (at the remaining eight groundwater locations) along the sidewalk near the

two residences.

Polyethylene 3/8-inch o.d. tubing was placed down the drive rods to the depth of the screen. One
gallon of groundwater was purged prior to sample collection. Headspace of the purged water
was measured using a Photovac® PID. Water quality parameters (turbidity, pH, temperature,
dissolved oxygen, specific conductivity and oxidation potential) were monitored at three separate
times during purging. Two 40-ml vials of groundwater were collected for VOC analysis, at flow
rates less than 100 mL/min, from the top end of the tubing through the peristaltic pump. More
information on the methods used to collect groundwater samples are described in the Indoor Air

Analysis Investigation, (PSC, 2000b).

Soil Gas Investigation - March 2001

As part of the March 2001 Soil Gas Investigation, six groundwater reconnaissance samples were

collected on March 22, 2001. Samples were located throughout the Georgetown neighborhood.
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The samples were collected at the depth of the water table, which was 11 to 15 feet bgs or 15 to
19 feet bgs, depending on the location. Figure 4-16 shows the sample locations.

After removing the temporary soil gas ports, groundwater samples were collected using
Geoprobe® direct- push sampling tools. Groundwater samples were obtained by driving a O.l65-
inch o.d. steel probe to the water table. Then, the three-foot stainless steel, 0.004-inch slot screen
enclosed in a steel sheath was pushed out into the formation at the desired depth. Polyethylene
tubing was inserted down the drive rods to the depth of the screen. One gallon of groundwater

was purged prior to sample collection using a peristaltic pump. Headspace of the purged water

was measured using a Photovac® PID. Water quality parameters, turbidity, pH, temperature,

dissolved oxygen, specific conductivity and oxidation potential were monitored at three separate

times during purging.

VOC groundwater samples were collected by stopping the pump and collecting samples from
the bottom of the tubing. If an entire 40-mL VOC vial did not fill within one tubing extraction,
the bottle was discarded and a second attempt was made. North Creek Analytical Laboratories

analyzed the groundwater samples.

More information on the methods used to sample the reconnaissance borings is given in the

Technical Memorandum: Soil Gas Investigation Results (PSC, 2001a).

Hydraulic Control Interim Measure Work Plan - 2002

In June 2002, 141 groundwater samples were collected as part of the Hydraulic Control Interim
Measure to assist in the design of a barrier wall surrounding the source area of contamination.
The samples were collected using direct push methods according to the Hydraulic Control
Interim Measures Work Plan (URS and PSC, 2002). All samples were analyzed for VOCs and
some of the samples were analyzed for metals also. North Creek Analytical Laboratories

analyzed the groundwater samples. Sample locations are shown in Figure 4-17.
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4.7  Soil Gas, Indoor Air and Ambient Air Sampling

The following is a brief summary of the soil gas, indoor air, and ambient air data collected.

4.7.1 Permanent Soil Gas Port Sampling

PSC installed five permanent soil gas sampling ports to determine the relationship between the
soil gas concentrations and grounﬂwater concentrations in adjacent monitoring wells. Typically,
the soil gas ports were sampled within the same groundwater sampling event on the same day
and prior to the groundwater monitoring wells within the cluster. The soil gas ports screened at
the four-foot interval were sampled prior to the soil gas ports screened at the seven-foot interval.
The soil gas ports screened at the seven-foot interval were not sampled if groundwater was

present in the well.

SOP NO. PSC-106 Revision 1 (Appendix 4B) describes the active soil gas sampling method
used for sampling the soil gas ports. To be representative of the vadose zone, soil gas samples
must contain only “fresh” formation soil gas. Soil gas residing in the port and/or filter pack
becomes stagnant as the solution chemistry of the formation gas changes with changes in
temperature, pressure and water table elevation. Therefore, soil gas ports need to be evacuated
prior to sampling. A purge test was completed when the soil gas ports were initiaI]y installed
according to the methods described in the Final Soil Gas Sampling and Analysis Plan (PSC,
1999b). Based on the findings of that test, three liters of soil gas were purged from the shallow
soil gas ports and four liters of soil gas were purged from the deeper soil gas ports prior to

-

sample collection.

Prior to purging the soil gas ports for each sampling event, soil moisture was measured. During
the installation of the permanent soil gas ports, two Soil Moisture Sensor Theta Probes (Type
ML2X, by Delta-T Devices) were buried at 4.5 and 7.5 feet bgs near CG-3-SG and CG-4-SG,
respectively. The output line runs through the soil and was accessible in soil gas port CG-3-SG.

A Moisture Meter (Type HH2, by Delta-T Devices) is used to read the soil moisture.
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Soil gas ports were purged using an Amtek Alpha 1 Air Sampler. Pufging of the soil gas ports
was conducted using Teflon®-lined polyethylene tubing connected to the Amtek Alpha 1 Air
Sampler and a dedicated Swagelok® fitting in the soil gas port. Samples were collected at a rate

of 100 liters per minute (L/min).

All soil gas samples were collected in six-liter Summa® canisters. The Summa® canisters were
prepared under negative pressure and equipped with a dedicated flow regulator and filter. The
Summa® canisters were individually cleaned and certified to 0.02 parts per billion by volume
(ppbv) total hydrocarbons (THC) by the contract laboratory for selective ion mode (SIM) VOC

analysis by TO-14A. The tags on the canisters were labeled with the following information:

e Sample location identification number;

e Canister number;

e Date of the sample;

¢ Initial and final pressure; and

¢ Initials of the PSC sampling personnel.
The Summa® canisters were connected to the soil gas ports using dedicated Teflon®-lined
polyethylene tubing and airtight Swagelok® fittings. The soil gas sampling was completed once
the pressure on the Summa® canister read approximately -5.0” Hg. The Summa® canisters -
were sent by overnight courier to Air Toxics Laboratory in Folsom, California. The soil gas
samples were analyzed for VOCs using the TO-14A SIM analysis in order to achieve the lowest

possible detection limits. The analytes are listed in Table 4-11. Table 4-12 lists the soil gas port

sampling frequency. Figure 4-7 shows the soil gas port locations. Soil gas sampling from
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permanent soil gas ports began in the first quarter of 2001 and ended in the fourth quarter of

2001. However, some of the soil gas ports were used for specific subsequent sampling events.

4.7.2 Temporary Soil Gas Port, Indoor Air, and Ambient Air Sampling

In addition to quarterly soil gas sampling of permanent soil gas ports, one-time soil gas, indoor
air, and ambient air samples were.collected during various investigations. Refer to Section 2.0
for more details on the purpose of those investigations. Table 4-13 and 4-14 list the temporary
soil gas, indoor air, and ambient air samples collected. A brief description of the methods

employed is included below.

4.7.2.1  Phase Il Hydrogeologic Investigation: A Proposal for Sampling and Analysis -
1988

Twelve soil gas samples were collected during the Phase II Hydrogeologic Investigation from
July 5, 1989 to July 7, 1989. Sample locations were distributed throughout the Georgetown
neighborhood. Samples were collected from the vadose zone (2.0 to 3.2 feet bgs) from 11
boreholes using an air pump in new disposable Tedlar® air sampling bags. Figure 4-18 shows

the soil gas sampling locations for the Phase II Investigation.

Soil gas samples were collected using a soil gas probe (KVA® “HEFTY” model). Soil gas
samples were obtained by driving a threaded 7/8-inch stainless steel rod with a 1.2-foot long,
7/8-inch slot screen to a depth of 2.0 to 3.2 feet bgs. The soil gas was allowed to equilibrate for
10 minutes. Prior to purging, the air sample pump was cleaned by purging with background air
(an upwind location at the facility) for 15 minutes prior to use at each location. Ambient air
samples also were collected to evaluate ambient air conditions. Then the probe was purged at a
rate of five L/min for a period of 10 minutes using an SKC® model 224-30 air evacuation pump.
Teflon® tubing was attached to a threaded fitting connected to the surface of the steel rods. The
soil gas samples were collected into Tedlar® air sample bags. Two bags were filled at each

location. Laucks Testing Laboratory analyzed the samples for VOCs.
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More information on the methods used to sample the temporary soil gas ports is given in the

Phase 1l Hydrogeologic Investigation Report (SE/E, 1989b). -

4.7.2.2  Phase Il [Off-Site] Hydrogeologic Investigation Work Plan - 1991

Twenty-three soil gas samples were collected during the Phase III Hydrogeologic Investigation
from October 29, 1991 to November 21, 1991. Sample locations were located both at the facility

and downgradient of the facility, with some locations hydraulically up-gradient of the facility.

Each soil gas sample was collected from a depth of one foot bgs in a single borehole completed
in the vadose zone, in an air sample bottle. Figure 4-19 shows the soil gas sampling locations for

the Phase III Investigation.

Soil gas samples were collected using a soil gas probe. Soil gas samples were obtained by
driving a gas probe with a sampling point attached to the bottom of the probe. A hydraulic
mechanism was used to push the probe into the ground. Information regarding purging activities
prior to sampling is unavailable; it was not stipulated in the work plan for the Phase III
Hydrogeologic Investigation. Samples were collected by attaching an adapter to the top of the
soil gas probe. A vacuum pump was attached to the adapter and used to evacuate soil gas from
the probe. To collect the sample, a hypodermic needle was inserted through the Silicon rubber
and down into the stainless steel tubing of the adapter while the vacuum pump was running. The
syringe was purged with soil gas. Then, without removing the syringe needle from the adapter, a
ten-mL soil gas sample was collected. For samples having evacuation pressures less than 15 in
Hg, evacuation lasted 30 seconds, and did not exceed five minutes. For samples having
evacuation pressures greater than 15 in Hg, evacuation times were at least one minute but did not
exceed five minutes. Information regarding ambient air samples is unavailable. Soil gas

samples were screened in the field using a portable GC for the following VOCs: cis-1,2-
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dichloroethene; total-1,2-dichloroethene; 1,1,1-trichloroethane; trichloroethene; toluene;

ethylbenzene and possibly vinyl chloride; tetrachloroethene; and 1,1,2,2-tetrachloroethane.

More information about the methods used to sample the temporary soil gas ports is given in the

Phase IIl Hydrogeologic Investigation (SE/E, 1991).

4.7.2.3 Soil Gas Study Sampling and Analysis Plan - 1999

Sixteen soil gas samples were collected for the Soil Gas Study on October 5, 1999. Eight
borings were located at 50-foot intervals along the west side of Denver Avenue South, closest to
the residences with basements. Samples were collected from two intervals in the vadose zone,
one from ground surface to two feet bgs and one at the estimated depth of the basements, from
three to four feet bgs. The samples were collected in 6L. Summa® canisters, filling at a rate of

300 mL/min. Figure 4-20 shows the soil gas sampling locations.

Soil gas samples from the ground surface to one-foot bgs interval were collected using a garden
shovel to overturn soil in a one-foot by one-foot square. This area was shielded from the wind
by setting up a tent of plastic sheeting over the sampling area. The tent was set two to three feet
above the ground surface. While one of the field personnel was digging, another set tubing for
the pump within six inches of the soil being upheaved in order to collect the sample. This
sampling method was used to provide conservative data for the scenario in which a person is
kneeling on the ground digging in a garden or playing.

Soil gas samples were collected from three to four feet bgs using a soil gas probe. Soil gas
samples were obtained by driving a threaded one-inch hardened steel rod with a one-foot long,
0.01-inch slot screen. The enclosed screen was pushed out into the formation from three to four
feet bgs. Sealant was not placed at the ground surface around the rod. The soil gas was not
allowed to stabilize prior to purging. Tubing was lowered to the screened interval, attached to an

above ground air sampling pump, which had an outlet tube that connected to a depressurized
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Summa® canister. Each Summa® canister filled six liters of soil gas at a rate of approximately
10 to 12 L/min. The Summa® canisters were individually cleaned and certified to 0.02 ppbv
THC by the contract laboratory. Air Toxics Ltd. Of Folsom, California analyzed samples for
VOC analysis by EPA Method TO-14 with SIM analysis.

One ambient air sample was collected at sampling location SG-3 at approximately one to four
feet above ground surface. SG-3_—‘2FB was collected over a period of approximately 20 minutes
at 300 mL/min on October 5, 1999. The field blank was collected prior to intrusion of the soil or

collecting the soil gas sample at SG-3.

More information on the methods used to sample the temporary soil gas ports is presented in the
Final Soil Gas Sampling and Analysis Plan (PSC, 1999). These data were not used in the Final
RIor RA.

4.7.2.4 Indoor Air Analysis Sampling and Analysis Plan, 2000

Sixteen soil gas samples (CSG-672L-1, CSG-672L-2, CSG-672L-3, CSG-672L-4, CSG-672L-5,
ESG-672L-1, ESG-672L-2, ESG-672L-3, ESG-672L-4, ESG-672L-5, ISG-5409D-1, CSG-
5409D-1, CSG-5409D-2, CSG-5409D-3, ESG-5409D-1, ESG-5409D-2 and ESG-5409D-3)
were collected under the requirements of the Indoor Air Sampling and Analysis Plan (PSC,
2000) between August 21, 2000 and August 23, 2000. Two types of soil gas samples were
collected for this project, active and passive. Eight active soil gas samples were collected from
August 21 through August 22, 2000 using Summa® canisters. Eight passive soil gas samples
were collected on August 23, 2000 using EMFLUX® passive soil gas samplers. Passive soil gas
samples were collected with the EMFLUX® samplers placed at a screened interval at 6.5 feet

bgs over a period of approximately 120 hours. Figure 4-15 shows the soil gas sample locations.

The sampling and analysis plan proposed collecting two soil gas samples through the floor of the

basement near the indoor air samples, in order to correlate the soil gas data to the indoor air data.
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Only one soil gas sample was collected through the concrete basement floor of the house at 5409
Denver Avenue South (ISG-5409d-1). This sample was collected at the same time as the indoor
air samples were collected. This sample was collected from a screened interval, approximately
one to two feet below the concrete floor. The 6L Summa® canister was filled over a period of
24 hours. The second sample was not collected from the basement floor of the house at 672
South Lucile Street because the exposed floor was not inside the house and the second location

of exposed floor was not accessible.

Sample locations were located beneath the houses and hydraulically upgradient of the houses
that were sampled for indoor air. Three soil gas samples were collected with angled drive points
from three locations (672L-1, 672L-2 and 5409-1) from beneath the basement slabs of the two
residences, 672 South Lucile Street and 5409 Denver Avenue South Soil gas samples also were
collected from five drive points installed vertically along the City-right-of-way, hydraulically
upgradient of the residences. Soil gas samples were collected through 1.25-inch stainless steel
drive points with two-foot screens. The basement depths were expected to be approximately 5.5

feet bgs, and the screens of the drive points were installed from 5.5 to 7.5 feet bgs.

Following the installation of the drive points, the drive points were sealed and stabilized for a
period of 24 hours. Tubing was set at mid-screen level, 6.5 feet, through a barbed brass fitting,
which was inserted through a silicone stopper. At the other end of the stopper, another piece of
tubing was attached and ran to the fitting on the Summa® canister. The Summa® canisters were
set to fill over 24 hours. Each Summa® canister held six liters of air, sufficient volume to reach
the method detection limit goals. Air Toxics LTD analyzed the samples using EPA Method TO-
14 with SIM analysis. |

Passive soil gas samples were collected using EMFLUX® samplers over a period of 120 hours
to reach the lowest detection limits. Following the active soil gas sampling, the drive points
were sealed and stabilized for 24 hours. At the end of the 24-hour period, EMFLUX® passive

soil gas samplers were strung down to one inch above the bottom of the screen, using a wire
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attached to the top of the rod. Instead of aluminum foil or screw caps to seal the rods, PVC well
caps were used. At the end of the 120-hour period, the EMFLUX® passive soil gas samplers
were removed, the screened top was replaced with a solid top and ptaced in the original shipping
containers. Beacon Environmental Services, Inc.’s subcontractor, Spectral Laboratory of
Maryland, which specializes in analyzing EMFLUX® sampling devices, analyzed the samples
using EPA Method TO-1.

PSC also collected indoor air samples from the two residences, 672 South Lucile Street and 5409
Denver Avenue South on August 16, 2000. These residences were resampled by the DOH one
week later. On a separate occasion (March 2001) the EPA and DOH sampled indoor air while

PSC sampled the soil gas and groundwater outside the residences being sampled for indoor air.

The residents of their homes were asked to leave their homes for a 72-hour period. Then, the

sampling team performed the following tasks:
1. Screened the home for other sources of volatile contaminants.

2. Removed any obvious sources of indoor air contamination. Evacuated the home of five
volumes of air. All of the doors and windows were opened and fresh air was punched
into the house in order to flush the stagnant air from the house. A three-foot box fan was
used to evacuate each of the basements in the homes. The fans ran at a rate of 10,300
cubic feet per minute (cfm).Allowed the homes to reach equilibrium over a 24-hour
period. Following the evacuation, the windows and doors were sealed and left

unoccupied for 24 hours.

3. Collected the samples. Samples were placed in areas where residents spent most of their
time and at the height typical of the breathing zone. Two samples (IA-672L-1 and IA-
672L-2) were collected from 642 South Lucile Street, sample IA-672-1 was collected

from a sitting area and sample IA-672L-2 was collected from on top of a bed. One
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sample (IA-5409D-1) was collected from 5409 Denver Avenue South, sample IA-5409-1
was collected from on top of a bed. Samples were collected in Summa® canisters over a

24-hour period.
4. Dismantled the sampling equipment and put the home back in order.

Two ambient air samples were collected at 5409 Denver Avenue South, A-Ambient-1 was
collected over a period of two hours on August 14, 2000 from air that was being blown into the
residence during the air exchange process prior to indoor air sampling. A-Ambient-2 was
collected three feet above ground surface upgradient (via wind direction) of 5409 Denver
Avenue South on the northeast corner in the City right-of-way over a period of 24 hours from

August 15 to 16, 2000.

This indoor air sampling event was conducted at a time when there was a low-pressure weather
system. Indoor air and ambient air samples were collected using 61. Summa canisters and were
analyzed for VOCs using the TO-14 with SIM. Table 4-15 lists the compounds analyzed. More
information on the methods uéed to sample indoor air is given in the Indoor Air Analysis Report
(PSC, 2000D).

4.7.2.5 Soil Gas Investigation - 2001

Six soil gas samples (SG-9, SG-10, SG-12, SG-13, SG-14 and SG-15) were collected for the Soil
Gas Investigation (March 2001) on March 22,2001. Sample locations were located throughout
the Georgetown neighborhood, correlating with the buildings in which indoor air samples were
collected by the DOH. The DOH collected nine indoor air samples at one business and six

residences within the Georgetown neighborhood.

PSC collected soil gas samples as close to the seven residential buildings undergoing indoor air

sampling as possible, in the city right-of-way. The soil gas samples were collected from the
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vadose zone at the interval above the capillary fringe (four to six feet bgs), where soil gas
concentrations are expected to be the highest, and where a basement slab would be located.

Soil gas samples were obtained by driving a threaded 1.5-inch hardened alloy steel riser with
1.25-inch by two-foot stainless steel, 0.01-inch slot screens. The screens, enclosed in a steel
sheath, were pushed out into the formation from four to six feet bgs. Sealant was placed at the
ground surface around the riser and the riser was sealed with a 1.25-inch #8 rubber stopper. The
soil gas did not stabilize prior to purging. A total of three liters of air was purged from each riser
prior to sampling to ensure that the air was representative of only soil gas. The air purged from

each riser was purged using an Amtek® Alpha 1 Air Sampler.

After purging the soil gas, tubing was lowered to the screened interval, attached to a
depressurized Summa® canister. Each Summa® canister filled six liters of soil gas at a rate of
approximately 200 mL/min over a 30 minute period, which was an EPA-approved method for
collection of soil gas samples from permanent soil gas ports (PSC, 1999b). The Summa®
canisters were individually cleaned and certified to 0.02 ppbv THC by the contract laboratory.
Air Toxics Ltd. of Folsom, California analyzed samples for VOC analysis by EPA Method TO-
14 with SIM analysis. Figure 4-16 shows the soil gas sampling locations and Table 4-13

summarized the soil gas samples that were collected and their depth.

PSC also collected two ambient air samples at approximately 2.5 feet above the ground surface.
An ambient air sample was collected at soil gas sample location SG-9 over a period of
approximately 30 minutes at a rate of 200 mL/min to measure the ambient air quality at locations
within the vicinity of the facility (CG-2-SG, CG-3-SG, CG-4-SC, CG-5-SG, CG-6-SG, SG-9 and
SG-14). An ambient air sample was collected at soil gas sample location SG-13 over a period of
approximately 30 minutes at a rate of 200 mL/min to measure the ambient air quality at locations

near First Avenue South (SG-10, SG-12, SG-13 and SG-15).
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‘More information on the methods used to sample the temporary soil gas ports is given in

Technical Memorandum: Soil Gas Investigation March 2001 Results (PSC, 2001a).

4.7.2.6 EPA and DOH Indoor Air Investigations

The DOH conducted an indoor air investigation in cooperation with the Agency for Toxic
Substances and Disease Registry (ASTDR) at homes and businesses near the facility. The
ASTDR is part of the US DOH and Human Services and is the principal federal public health

agency responsible for health issues related to hazardous waste.

The EPA and DOH have conducted two indoor air investigations, one during a low groundwater
table season, and one during a high groundwater season. The 2000 sampling event was
conducted during the low groundwater table season because VOCs can more readily migrate
through the unsaturated zone when the soil pores do not contain significant amounts of
infiltrating rainwater. During the 2000 sampling event, the EPA sampled two businesses and
three residences in August 2000. Two of the three residences, 672 South Lucile Street and South
Denver Avenue, were initially sampled by PSC, and then resampled by the EPA as part of this
investigation (DOH, 2000).

The sampling event set to correlate with the high groundwater table season was conducted by
DOH during March 22 and 23, 2001. DOH conducted an indoor air investigation in cooperation
with the ASTDR at homes and businesses near the facility. Nine air samples were collected at
one business and six residences_within the Georgetown neighborhood. The sample locations are

summarized in Table 4-14.

The indoor air samples were collected in SilicoCan® TM 6-Liter (L), stainless steel canisters
with passive flow regulators for a period of 24 hours. The canister intake was set at a height that
corresponds to the general breathing zone within the room sampled. The samples were analyzed

for VOCs by TO-15 with SIM analysis in air, collected in specially-prepared canisters, and
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analyzed by gas chromatography/mass spectrometry (GC/MS). DataChem Laboratories
decontaminated the canisters and performed the analyses. Figure 4-16 shows the sampling

locations. _ *

Some differences exist between the methods used by PSC and those of DOH to collect indoor air
samples. This indoor air sampling event was conducted at a time when there was a medium-
pressure weather system. Prior to sampling, DOH did not inspect the houses or remove any
items or appliances. The houses were not purged of the stale air, nor were the houses sealed
during the time of sampling. During the time of collecting the indoor air samples, the residents
were not asked to vacate their buildings. At 5409 South Denver Avenue, during the March 2000
Soil Gas Investigation, the resident of the building was not present at the end of the 24-hour
sampling period. As a result, EPA personnel were unable to access the indoor air canister and
turn it off. This canister remained open for a period of 36 hours, 12 hours over the designated

sample time.

4.7.2.7 Inhalation Pathway Interim Measure Work Plan - 2002

In August 2002, PSC conducted multi-media sampling at 10 residential type buildings, which
included sampling two of the buildings twice within a week. This sampling event generated 28
indoor air samples, four crawl space air samples, 14 soil gas samples, seven ambient air samples,
and 14 groundwater samples. Summaries of the samples collected for this sampling event are
provided in Tables 4-11, 4-13, and 4-14. The objectives of this data collection event were (OHto
determine to what degree vapor migration from groundwater to indoor air is occurring in areas of
significant VOC concentrations in the groundwater directly downgradient of the facility, and (2)
to use the site-specific data to develop site-specific GIVF that would then be used to develop

site-specific IPIMALS for groundwater and indoor air.”

5 The GIVFs were developed to be sufficiently conservative to be health-protective in their use to estimate “upper-
bound” indoor air concentrations for each chemical of potential concern (COPC) detected in groundwater

throughout the affected area.
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During the week of August 19, 2002, PSC conducted the sampling event at 10 building locations
in the GIVF Study Area, shown in Figure 4-21. The GIVF Study Area is located within the
mixed residential/industrial neighborhood that is hydraulically downgradient of the facility and
would be most likely to be impacted by facility-related COPCs. Figure 4-21 shows the GIVF
Study Area and the location of all samples collected during the sampling event. The COPCs
were identified in the HHERA (FW, 2001). Three locations were re-sampled for indoor air on
August 26 and 27, 2002. All sampling was performed in acéofdance with the IPIM Work Plan
and Sampling and Analysis Plan (SAP)(FW, 2002).

Groundwater samples were collected over a two-day period using either direct push
reconnaissance borings or by sampling a nearby permanent monitoring well screened at the
water table. All groundwater samples were collected as close to the building as possible6 and
within 48 hours of the indoor air sample collection. Groundwater samples were obtained by
driving a 0.65-inch o.d. steel probe to the water table. Then, the three-foot stainless steel, 0.004-
inch slot screen enclosed in a steel sheath was pushed out into the formation at the desired depth.
Polyethylene tubing was inserted down the drive rods to the depth of the screen. One gallon of
groundwater was purged prior to sample collection using a peristaltic pump. Water quality
parameters, turbidity, pH, temperature, dissolved oxygen, specific conductivity and oxidation
potential were monitored at three separate times during purging. VOC groundwater samples
were collected by stopping the pump and collecting samples from the bottom of the tubing. If an

entire 40-mL VOC vial did not fill within one tubing extraction, the bottle was discarded and a

-

%In some cases, samples were not collected directly adjacent to the building due to logistics (i.e., the drill rig could
not be operated any closer to the building) or as a result of selecting to sample existing monitoring wells that were as
near as possible. Distances from the buildings generally ranged from directly adjacent to within 25 feet, with two
exceptions: at 412 South Lucile, the monitoring well selected for sampling was located approximately 300 feet from
the residence, and similarly, the monitoring well sampled for 412 S. Orcas was located approximately 200 feet from

the building.
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second attempt was made. North Creek Analytical Laboratories analyzed the groundwater
samples.

Indoor air samples (up to three samples from each selected building) were collected on the main
floor in the primary breathing zones (bedroom and/or living room). If the building was a
business, at least one sample was collected in the office area. For buildings with basements, at
least one sample was collected from the basement area in areas where potential infiltration of soil
gas was expected to be highest. To meet data quality objectives, at least one duplicate co-located

indoor air sample was collected from each building.

Ambient air samples and one duplicate sample accompanied the indoor air samples to allow for
indoor air COPC concentrations to be “adjusted” for ambient air intrusion. One ambient air
sample (727H) was collected from outside the plume area. The remaining samples were
collected from each block where indoor air samples were collected. To the extent possible,
Summa canisters were placed at a sampling height of three meters (m) above the ground, upwind

of the building.

Soil gas samples were collected from vertical shallow borings near the buildings. Soil gas was
sampled from approximately four to eight feet below ground surface (bgs) (above the water
table) using a direct push stainless-steel screen, in accordance with the work plan (Foster
Wheeler, 2002). This depth is consistent with the depth of a basement foundation as well as the
interval directly above the capillary fringe. A 6- liter Summa canister, equipped with dedicated
flow regulators, was set to collect air samples over a 24-hour period to account for typical
diurnal fluctuations in concentrations. VOCs in air samples were analyzed by GC/MS and/or-
GC/MS-SIM using the laboratory modified version of EPA methods TO-14A and TO-15 (EPA,
1999). All VOC air analyses were validated according to the validation requirements presented
in the Quality Assurance Project Plan (QAPP).
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Six geotechnical samples were collected from ground surface to six or eight feet bgs at locations
throughout the GIVF Study Area. In accordance with the work plan, these borings were
advanced to a depth of one foot above the capillary fringe. Although the generalized basement
floor slab elevation is considered to be four to eight feet bgs, geotechnical data were also
collected from zero to four feet bgs, as these shallower data are relevant for buildings without
basements (e.g., buildings that are built slab-on-grade or with crawlspaces). Locations were

selected to provide consistent area-wide coverage of the GIVF Study Area.

Grain-size testing was conducted on all samples in accordance with American Society for
Testing Materials (ASTM)-D-422 using both sieve and hydrometer portions of the analysis.
Soils were then classified using United States Department of Agriculture (USDA) soil texture
based on grain size. To date, a total of 17 geotechnical samples have been collected to
characterize the vadose zone soils west and south of the facility and 14 of these samples are from

the GIVF Study Area.

Additional information about the field sampling procedures followed for this sampling event are
provided in the Revised Inhalation Pathway Interim Measure Work Plan (FW, 2002) and the
Revised Inhalation Pathway Interim Measure Technical Memorandum 1 (FW/PTC, 2003).

4.8 Soil Sampling

Prior to the development of the PSC SOPs in 1998, the sampling procedures included in the
work plans for field investigations were followed for the individual projects. Currently, PSC
field personnel sample soil according to SOP NO. PSC-102 and SOP NO. PSC-103 (Appendix

4B). Soil samples were collected during various investigations.

Subsurface soil sampling is conducted to obtain several types of information, including lithology

(descriptive), chemical composition, and physical properties.
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Subsurface stratigraphy can be inferred by visually inspecting soil samples and recording the
observed lithology. This is done in accordance with the Unified Soil Class Identification

guidelines for logging soil (ASTM, 2487-98). The seven categories-that are observed include
Munsell Color, grain size, sorting, moisture, compaction, indication of contaminants (odor or

sheen) and general stratigraphic description.

Subsurface soil samples may also provide valuable information regarding geotechnical

information such as hydraulic conductivity, porosity, compressibility, and grain-size distribution.

Subsurface soil samples may be analyzed for chemical analysis. Tables 4-15 and 4-16 list the
soil samples collected for chemical analysis, sample locations, and depths. A brief description of

the methods employed to collect subsurface soil samples for chemical analysis is included below.

4.8.1 An Evaluation of Groundwater - 1982

Eighteen soil samples were collected as part of the investigation for An Evaluation of
Groundwater Contamination at the Chemical Processors Inc., Georgetown Facility, (Harper-
Owes and Hart Crowser, 1983) on September 23, 1982. Samples were collected from six
boreholes during the installation of groundwater monitoring wells (G-1, G-2, G4, G-7, G-8 and
G-9). Figure 4-22 shows the soil sampling locations for the investigation. The wells were

installed in the boreholes following the soil sampling.

Soil samples were collected from one hydraulically upgradient borehole (G-4), two
downgradient boreholes (G-1 and G-2), and borehole HC-1. Soil samples were collected using a
hollow-stem auger drill rig. Soil samples from the G-series boreholes were obtained by
collecting soil off of the hollow-stem auger at intervals of approximately 20- inches from depfhs
ranging approximately 9 to 15 feet bgs. Soil samples from HC-1 were collected using a 1.5-inch

split-spoon sampler. No information is available on field soil screening. Soil samples were
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collected in sealed jars and stored at four degrees Celsius. Laucks Testing Laboratory analyzed

samples for metals and phenol.

More information on the methods used to sample the subsurface soil is given in An Evaluation

of Groundwater Contamination at the Chemical Processors, Inc. Georgetown Facility (Harper-

Owes and Hart Crowser, 1983).

4.8.2 Phase | Hydrogeologic Investigation Work Plan - 1987

Thirteen soil samples were collected for the Phase I Hydrogeologic Investigation, (SE/E, 1988)
on November 24 through November 30, 1987. Samples were collected at 10-foot intervals from
borehole G-1 and at 20-foot intervals from borehole CG-2 during the installation of groundwater
monitoring wells CG-1-D and CG-2-D. Sample depths ranged approximately 10 to 90 feet bgs.
Figure 4-22 shows the soil sampling locations for the Phase I Investigation. The Phase I wells

were installed in the boreholes following the soil sampling.

Prior to sampling, the borehole was bailed dry, or one to three times the volume of water
introduced during drilling was removed if the borehole could not be bailed dry. All soil samples
were then collected using a Sprague and Henwood three-inch o.d., split-spoon sampler that was
driving in advance of the drilled borehole into undisturbed soil. Blow counts were not counted
during this investigation. Each sample was split into two portions. The first portion was used
for field testing of VOCs and the second portion was prepared for laboratory testing. Samples

were sent to ERCO in Cambridge, Massachusetts.

More information on the methods used to collect the subsurface soil samples is given in the

Phase I Hydrogeologic Investigation (SE/E, 1988).
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4.8.3 Phase |l Hydrogeologic Investigation: A Proposal for Sampling and Analysis -
1988

-

Seventy-five soil samples were collected for the Phase II Hydrogeologic Investigation, between
June 16, 1989 through August 30, 1989. Twenty-nine boreholes were drilled at 14 locations
(TB-1 through TB-14). Figure 4-22 shows the soil sampling locations. Monitoring wells were
installed at 24 of the boreholes in .10 locations, and four boring locations were decommissioned
according to the Phase Il Hydrogeological Iﬁvestigation Proposal for Monitoring, Analyses, and
Testing (SE/E, 1989a).

Sample locations were distributed throughout the facility and the neighboring properties. At nine
locations (TB-3, TB-4, B-5, TB-7, TB-8, TB-10, TB-11, TB-13 and TB-14) boreholes were
drilled to the base of the shallow aquifer. At two locations (TB-1 and TB-5), boreholes were
drilled to the deep aquifer. Soil samples were collected at discrete intervals from approximately
2 to 105 feet bgs, at depths of approximately 2, 5, 7.5, 10, and 20 feet bgs, and at termination
depth if the termination depth was greater than 29 feet bgs.

Soil samples were collected using a two- or three-inch split-spoon from undisturbed material at a
maximum of 18 inches below the casing. In the shallow boreholes, soil samples were collected
at discrete depths of approximately 2, 5, 7.5, 10, and 20 feet bgs and at termination depth if it
was greater than 29 feet. The two-foot soil sample was collected from the boring sidewall after
the sampling surface was scrapped clean of caked and exposed material. No soil samples were
collected for chemical testing in the intermediate boreholes (TB-5, TB-7, TB-10 and TB-13). In
the deep boreholes, soil samples were collected at approximately 50, 85, and 105 feet bgs.

Samples were sent to Analytical Resources, Inc., Seattle, Washington for analysis.

More information on the methods used to sample soil is given in the Phase Il Hydrogeologic

Investigation (SE/E, 1989D).
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4.8.4 Phase Il Hydrogeologic Investigation
4.8.4.1 Soil Samples From Hand-auger Boreholes

Sixty-eight hand-augered soil samples were collected from 35 boreholes for the Phase III
Hydrogeologic Investigation, between October 29, 1991 and May 30, 1993. Samples were
collected at two intervals—two to three feet bgs (sample nomenclature indicated with an “S”),
and seven to eight feet bgs (indiczited by a “D”). Samples were combined into 26 composite
samples, 13 from the shallow sampling depth and 13 from the deep sampling depth. Table 4-16
lists the samples that were composited. Figure 4-22 shows the hand auger soil sampling

locations for the Phase III Investigation.

Soil sample locations were located throughout the facility. In the processing area, two soil
samples were collected from each boring for chemical analysis (HA-104 through HA-1 17). The
shallow sample was from the vadose zone at the native soil/fill interface (approximately 2.5-3.0
feet bgs), and the second sample was from the capillary fringe immediately above the water table
(approximately eight feet bgs). Sample depths were indicated with an “S” or “D” at the end of
each sample identifier. Samples from the south area (HA-121 through HA-126) and the cyanide
area (HA-127 through HA-135) were only collected from the native soil/fill interface unless
subsurface conditions indicated a second sample was warranted (SE/E, 1991). A second sample

was not collected from boreholes HA-122 and HA-128.

In the cyanide area, samples HA-145 through HA-147 were not collected because of obstruction
problems (BEI, 1992). In the prbcess area, samples HA-136 through HA-144 were not collected
because of access issues with Union Pacific Property. In the North Field area, samples HA-148

through HA-153 were not collected because of access issues with TASCO.

A stainless steel hand auger, approximately four-inch i.d., was used to drill the boreholes. In
between sampling intervals, a post-hole digger was used to advance the boring. Soil samples

were composited spatially, rather than vertically, with no more than three samples composited
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into one chemical sample. Soil was composited by removing the soil from the auger onto plastic
sheeting using a stainless steel spoon to place the soil into containers. PID field screening
information for the soil samples is not available. Soil samples underwent the following
analyses: total metals, PCBs, VOCs, organic content, base neutral acids (BNAs), and toxicity
characteristic leaching procedure (TCLP) metals. Samples were sent to Analytical Resources,

Inc., Seattle, Washington, for analysis.

More information on the methods used to sample soil is given in the Phase III Hydrogeologic

Investigation Work plan (SE/E, 1991).

4.8.4.2 Soil Samples from Well Installation

Thirty-nine soil samples were collected from 16 boreholes for the Phase III Hydrogeologic
Investigation, from May 5, 1992 through July 6, 1992. Samples were collected at various
intervals depending on the depth of the borehole. The Phase III wells were installed in the

boreholes following the soil sampling.

These 16 boreholes were located near the facility. Two boreholes were located hydraulically
upgradient of the facility (CG-101-S1 and CG-101-S2). Four clustered boring groups (CG-102
through CG-105) with three to four boreholes in each group, were drilled hydraulically
downgradient and crossgradient of the facility. These boreholes are located on approximately
200-foot centers at distances ranging from 150 to 400 feet south, west and northwest of the

facility.

The samples were collected using two-inch o.d. split-spoon or three-inch o.d. split-barrel

samplers. The sampling spoon was driven 18 inches ahead of the auger. Soil samples were ’
collected for chemical analysis from the upper shallow borings from depths of two, six and 10
feet bgs. Soil samples were collected from the base of the shallow aquifer from a depth of 20

feet bgs and at the base of the shallow zone, if greater than 30 feet bgs. Soil samples were
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collected from the intermediate aquifer at depths of 50 and 80 feet bgs. If the shallow zone was
less than 30 feet thick, the 30-foot sample from the intermediate borehole was also submitted for
analysis. Soil samples were collected from the deep boreholes at five-foot intervals below the
first depth sampled in the intermediate boring. Soil samples were analyzed for the following
compounds and parameters: VOCs, SVOCs, total metals, PCBs, and TCLP metals. Samples

were sent to Analytical Resources, Inc., Seattle, Washington, for analysis.

More information on the methods used to sample soil is given in the Phase III Hydrogeologic

Work plan (SE/E, 1991).

4.8.5 Post-Phase lll Investigation Work Plans
4.8.5.1 Soil Gas Sampling and Analysis Plan - 1999

Sixteen soil samples were collected for the Soil Gas SAP as part of the Soil Gas Investigation,
conducted in October 1999. Samples were collected along a 50-foot sampling grid along Denver
Avenue South, at two intervals, one from zero to two feet bgs and another from two to four feet
bgs. These samples were analyzed for VOCs to determine if any soil off the facility property
was contaminated and might potentially contribute to soil gas contamination. Figure 4-22 shows

the soil sample locations.

Soil samples were collected using Geoprobe® direct-push sampling tools by driving a one-inch
o.d. steel probe to a given depth. The 24-inch stainless steel rod, lined with an acetate liner,
was pushed out into the formation. Upon retrieving the rod, the soil samples were screened
using a PID immediately after cutting the acetate liner. The soil sample was collected from the
six-inch area within the liner with the highest reading. If the PID did not detect VOC:s, then the
sample was collected from the center of the acetate liner. The soil sample was immediately

collected for VOC analysis in a jar with no headspace.
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More information on the methods used to sample indoor air is given in the Indoor Air Analysis
Report (PSC, 2000b).

-

4.8.5.2 Supplemental Off-Site Groundwater Characterization - 2000

Fifteen soil samples were collected for the Source Area portion of the Supplemental Off-site
Investigation between October 9 through November 7, 2000. The purpose of the investigation
was to define the edge of the presumed DNAPL Source Area by collecting groundwater samples
on a 25-foot grid at ten-foot depth intervals. If soil indicated elevated VOCs during field
screening, a soil sample was collected to determine if NAPL or NAPL residue was encountered.
Samples were collected from nine boreholes. Depths of samples collected ranged approximately
30to 76.5 feet bgs. Soil sampling locations for the 2000-2001 Supplemental Off-Site

Investigation are presented in Figure 4-22.

Soil samples were collected using Geoprobe® direct-push sampling tools by driving a one-inch
o.d. steel probe to a given depth. Then the 24-inch stainless-steel rod lined with an acetate shell,
was pushed out into the formation. Upon retrieving the rod, the soil sample was screened using
a PID immediately after cutting the acetate liner. If the field screening indicated the presence of
elevated VOC:s, then a soil sample was ithediately collected for VOC analysis in a jar with no
headspace. The soil sample was collected from the section of the soil sample with the highest
PID reading. In addition, if PID readings were significantly elevated, a water-oil indicator field-

screening kit was used to potentially identify NAPL or NAPL residue.

More information on the methods used to sample the soil is given in the Supplemental Off-Site-

Characterization Work plan (PSC, 2000c).

4.8.5.3 Tidal Studies

A tidal study was conducted between 2002 and 2003 to determine the following information:
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e Extent of tidal influence in shallow and intermediate aquifer wells

- e Tidal cycle effect on water levels within the shallow and intermediate aquifer wells that

are installed in the tidally affected area

e Extent of salt water mixing within the shallow and intermediate aquifer wells

In May 2002, PSC conducted a six-day tidal study at monitoring wells CG-140-WT, CG-141-30,
CG-141-50, and CG-145-35. In November 2002, PSC began a 30-day tidal study in the wells
closest to the Duwamish Waterway, CG-140-40, CG-144-35, and CG-145-35. In July 2003, a
three-day tidal study was conducted at monitoring wells CG-140-WT, CG-140-40, CG-141-WT,
CG-141-50, and CG-151-25.

For all three tidal studies, pressure transducers combined with a programmable electronic data
logger, contained in a single housing, were used to measure pressure in each well and in the
atmosphere. The submersible sensor/loggers were suspended from the tops of the well casings
with pre-measured stainless-steel cables. The barometric sensor/logger was placed in a part of
the PSC warehouse that is exposed to ambient atmospheric pressure but also sheltered from
precipitation and solar radiation. PSC obtained historical tide data for Elliott Bay from the
National Oceanic and Atmospheric Administration (NOAA) public web site
(http://www.noaa.gov). These data were collected and verified by NOAA.

The measurement schedule was selected to satisfy several goals. First, the various types of data
(e.g., atmospheric pressure, groundwater pressure) were collected synchronously, to simplify
subsequent data processing and interpretation. Second, the measurement interval was
sufficiently short to capture any substantial temporal variation in the measured quantities, so that

the data records are representative.
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After the field execution phase was completed, PSC transferred the data from the electronic data

loggers to desktop computers for subsequent graphing and analysis.

-

4.8.5.4 Slug Tests

Slug tests have been conducted in each phase of investigation for the facility. The purpose of
slug tests is to estimate horizontal conductivity. In general, the instruments used for the slug
tests included pressure transducers with data loggers, water level indicators, and a pump or
bailer. All water measurement equipment was factory calibrated. The water level indicator and
the transducers had an accuracy of at least + 0.01 foot. The transducers had data loggers that
stored the data until the end of the test, at which time the data were downloaded onto a computer
and interpreted and analyzed. In addition, manual water level measurements that were recorded
in field log books or field forms were compared to the downloaded transducer data, if available,

to verify the accuracy of the equipment.

Phase I Hydrogeological Investigation Work Plan - 1987

During the Phase I Hydrogeological Investigation, rising-head slug tests were performed at wells
CG-1, CG-2, and existing wells G-1, G-4, and HC-10. The static water level was measured with
an electronic water level indicator prior to the test, and then a slug of water was removed from
each well using a peristaltic pump to lower the water levels in the wells. Following the removal
of the water, the water level recovery was monitored with an electronic water level indicator
until the water recovered to 70% of the static water level. The Hvorslev Variable Head Analysis

was used to calculate the hydraulic properties of the wells.

Phase I Hydrogeological Investigation Proposal for Sampling and Analysis - 1988

During the Phase II Hydrogeological Investigation, rising-head slug tests were performed at !
wells CG-4-D, CG-5-D, CG-1-1, CG-2-1, CG-5-1, and CG-9-1. The static water level was
measured with an electronic water level indicator prior to the test, and then a slug of water was

removed from each well using a 7-foot long, 1.75-inch diameter PVC bailer. Following the
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removal of the bailer, the water level recovery was monitored with a Hermit SE 1000B data
logger and a 10-psi transducer until the water level recovered to within 10 percent of the initial
(static) level. Recovery data were analyzed using the Hvorslev analytical method (1951). Based
on the aquifer conditions observed during well development, the hydraulic conductivity of the

shallow aquifer was assumed to be too high to obtain meaningful data using the slug test method.

Phase III [Off-Site] Hydrogeological Investigation Work Plan - 1991

During the Phase III Hydrogeological Investigation, rising-head slug tests were performed at
each new well following development. The tests were conducted in October 1992. Transducers
with data loggers were set in each well to record the head until the water levels reached static

conditions. A solid slug was used to conduct the tests.

Post Phase III Hydrogeological Investigation Work

Slug tests were performed in August 2003 as part of an effort to determine the horizontal
conductivity of shallow and intermediate aquifer wells closest to the Duwamish Waterway. The
study was conducted in wells CG-140-WT, CG-140-40, CG-141-WT, CG-141-50, and CG-151-
25. The static water level was measured with an electronic water level indicator prior to the test,
and then transducers with data loggers were placed at the bottom of the well screens. Solid PYC
slugs were used ranging in length from 30 inches to 10 feet, depending on the height of the water

column in the wells.

4.9 Additional Investigations
4.9.1 Underground Storage Tank Removal

During September and October 1987, 24 underground storage tanks were removed from the -
facility in conjunction with the Seattle Fire Department (SFD) and Ecology. Pictures of the tank
removal are included in Appendix 2B. This removal was done to fulfill the requirement of the
Seattle Fire Code Section 79.221, which mandated the removal of underground storage tanks that

have been abandoned for a period of one year or less. Per guidance from Ecology and SFD, the
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tanks were removed by breaking up the existing concrete, removing the tank, backfilling the
hole, and replacing the concrete. The tanks were removed under the Temporary Underground

Fuel Tank Removal Permit issued by SFD, issued September 10, 1987 (SFD, 1987).

Prior to removal, each tank was made gas-free by a certified marine chemist. Initially, two tanks
in the North Field (#8 and #9) were removed. Underground storage tank #8 was removed using
a boom truck to lift the tank out onto plastic, where it was then inspected for leaks and its
exterior was scraped and swept clean. Underground storage tank #9 was excavated mostly by
hand because of its proximity to a water main. A crane was used to lift the tank out onto plastic,
where it was inspected for leaks and its exterior was scraped and swept clean. Following the
removal of underground storage tank #8 and #9, soil and water samples were collected and

analyzed for VOCs. The excavations were backfilled using the original soil and broken concrete.

Underground storage tanks N and O were then removed using a backhoe. During the excavation
of tanks N and O, a small amount (approximately one quart) of brown liquid trickled out of each
line. The liquid from each line was sampled. The soil that came into contact with the liquid
(about one-half drum) was quickly placed in a drum and removed from the facility by a Chempro
employee outfitted in a Tyvek® suit and protective gloves. As the excavation of tank N
continued, a small amount of black, tar-like material was seen in the north side of the excavation.
Approximately 0.5 cubic yard of adjacent soil was scooped out and placed on a plastic sheet. A
sample of this material was taken to the facility’s on-site lab for analysis. Two groundwater
samples (N-1 and N-2) and two soil samples (N-3 and N-4) were collected from the location of
tank N and analyzed for VOCs by Analytical Resources, Inc. and for cyanide by Chempro’s

main lab. The excavation was backfilled using the original soil and broken concrete.

Underground storage tanks (A, B,C,D,E,F,G,H, L J, K, L, M, #1, #2, #3, #4, #5, #6 and #7)
were removed using a lifting eye. During the removal of tank A, a small puncture (2” x 2.5”)in
the tank was made and patched with plastic. Two soil samples were collected from the south

bank of tank A. During the removal of tank M, three small pinholes in the tank were observed,
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these pinholes were promptly repaired with epoxy cement. A sample of the concrete pad was
collected for analysis. Four soil samples (S1 through S4) were collected from the south end of

the excavation area of tanks #1 through #7.

The excavation areas were backfilled using the original soil and broken concrete. The
excavation area from tanks A through M was covered by a plastic sheet laid over the original
compacted fill at a depth of approximately 3.5 feet bgs at the north end of the excavation, and at
5.5 feet bgs at the south end of the excavation. The excavation area from tanks #1 through #7
was covered by a plastic sheet placed over the original compacted fill at a depth of
approximately three feet bgs. New fill material was placed over the plastic and compacted.
Concrete was then set on top of the new fill material. Approximately 130 cubic yards of broken
concrete were disposed of at the Coal Creek Demolition Debris Landfill. This material was
originally the concrete pad covering fifteen of the underground storage tanks in the North Field
of the facility. The material was not considered a dangerous waste, as it passed both the EP

toxicity and 96-hour fish bioassay tests performed by Biomed Research Laboratories.

4.9.2 NAPL Investigation
4.9.2.1  LNAPL Investigation - 1996

An LNAPL Investigation was conducted in 1996 in accordance with the LNAPL Plan, (BE],
1996). Philip completed monthly water level/hydrocarbon thickness measurements in wells CG-
6-S1, CG-8-S1 and CG-11-S1 during August, September, October and November 1996. LNAPL
were not detected in any wells during this investigation. Quarterly measurements were resumed

in the first quarter of 1997.
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Table 4-1

Groundwater Monitoring Well Construction Details

Well Casing

. General Well Information Screened Sample Intervai Screen
Total Initial Water Lower Intermediate Deep
. Total Well Shailow ) . . . Slot Screen
Phase Well ID Contract Drilling Method Instailation | Abandonment | Abandonment | Borehole Deoth Table Aquifer Aquifer Aquifer | Diameter Material Type of Centrali Diameter Material si |
ontractor 9 Date Date Method Depth P Sample 9 Sample Sample | (inches) PVC joint € fzers (inches) . ize |lInterval (ft
(ft bgs) (ft from Intervai Sample Interval Interval (inches) bgs)
TOC) Interval
3 CG-101-S1 Burlington Hollow Stem Auger 516/92 NA 17.5 17 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 7-17.0
3 CG-101-S2 Burlington Hollow Stem Auger 5/7/92 NA 32 30.5 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 20.5-30.5
3 CG-102-D Holt Drilling Cable Tool 7/13/192 NA 130 112 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen* 2 Sch. 40 PVC 0.01 {101.5-111.5
3 CG-102-| Holt Drilling Cable Tool 6/17/92 NA 69 63 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen” 2 Sch. 40 PVC 0.01 53-63.0
3 CG-102-31 Burlington Hollow Stem Auger 5/20/92 NA 17.8 17.3 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 7.3-17.3
3 CG-102-S2 Burlington Hollow Stem Auger 5/22/92 NA 31.5 30 X 2 Sch. 40 | PVC | Threaded | - Bottom and top of screen 2 Sch. 40 PVC 0.01 20-30.0
3 CG-103-1 Holt Drilling Cable Tool 6/5/92 NA 80 71.5 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen* 2 Sch. 40 PVC 0.01 61-71.0
3 CG-103-81 Burlington Hollow Stem Auger 5/8/92 NA 18 17.5 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 7.5-17.5
3 CG-103-82 Burlington Hollow Stem Auger 5/11/92 NA 35.5 35 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 25-35.0
3 CG-104-D Hott Drilling Cable Tool 7/20/92 NA 127 123 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen” 2 Sch. 40 PVC 0.01 113-123.0
3 CG-104- Holt Drilling Cable Tool 6/14/92 NA 70 66 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen™ 2 Sch. 40 PVC 0.01 55.5-65.5
3 CG-104-$1 Burlington Hollow Stem Auger 5/12/92 NA 18 17.5 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 75175
3 CG-104-S2 Burlington Hollow Stem Auger 5/13/92 NA 33 30.5 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC - 0.01 20.5-30.5
3 CG-105- Burlington Cable Tool 6/11/92 7/28/03 Grout in place 765 66.2 X 2 Sch. 40 | PVC [ Threaded | Bottom and top of screen* 2 Sch. 40 PVC 0.01 56.2-66.2
3 CG-105-S1 Burlington Hollow Stem Auger 5/14/92 7/28/03 Grout in place 17.5 17 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 7-17.0
3 CG-105-82 Burlington Hollow Stem Auger 5/15/92 7/28/03 Grout in place 35 35 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen 2 Sch. 40 PVC 0.01 25-35.0
2 CG-10-81 Hokkaido Drill Co. Hollow Stem Auger 7/18/89 NA 17.5 15.5 X 2 Sch. 80 {| PVC | Threaded NA 2 Sch. 80 PVC 0.01 5.5-15.5
2 CG-10-S2 Hokkaido Drili Co. Hollow Stem Auger 7/15/89 NA 28.5 25 X 2 Sch. 80 | PVC } Threaded NA 2 Sch. 80 PVC 0.01 15-25
3 CG-111-| Holt Drilling Cable Tool 7/6/92 NA 60 52 X 2 Sch. 40 | PVC | Threaded | Bottom and top of screen” 2 Sch. 40 PVC 0.01 42-52.0
3 CG-112-S1 Cascade Dirilling Hollow Stem Auger 11/20/00 NA 15.5 15 X 2 Sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 5-15
3- CG-113-S1 Cascade Drilling Hollow Stem Auger 11/20/00 NA 15.5 15.5 1 2 Sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 5-15
3 CG-11- Cascade Drilling Hollow Stem Auger 9/3/98 7/28/03 Grout in place 68 66 1 2 Sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 56-66
2 CG-11-81 Hokkaido Drili Co. Hollow Stem Auger 07/1989 7/28/03 Grout in place 17 15 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 5-15
2 CG-11-S2 Hokkaido Drill Co. | Hollow Stem Auger 7/20/89 7/28/03 Grout in place 41.5 36 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 26-36
3 CG-12-1 Cascade Drilling Hollow Stem Auger 9/4/98 8/7/03 Overdrill, grout 65 63 1 2 Sch. 40 | PVC [ Threaded NA 2 Sch. 40 PVC 0.01 53-63
3 CG-12-81 Cascade Drilling Hollow Stem Auger 9/4/98 8/7/03 Overdrill, grout 18 1 2 Sch. 40 | PVC | Threaded NA 1 Sch. 40 PVC 0.01 6-16
1 CG-1-D Holt Drifling Cable Tool 11/28/87 NA 109 108 1 2 Sch. 80 | PVC | Threaded | Bottom and top of screen” 2 Sch. 80 PVC 0.01 98-108
2 CG-1-1 Hokkaido Drill Co. Cable Tool 8/30/89 NA 66 63 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 53-63
2 CG-1-81 Hokkaido Drill Co. Hollow Stem Auger 7/18/89 NA 17.5 15.5 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 5.5-15.5
2 CG-1-82 Hokkaido Dirill Co. Hollow Stem Auger 7/18/89 NA 30.5 29.5 1 2 Sch. 80 | PVC [ Threaded NA 2 Sch. 80 PVC 0.01 10.5-29.5
1 CG-2-D Holt Drilling Cable Tool 12/2/87 1/22/02 Grout in place 128.5 128 1 2 Sch. 80 | PVC [ Threaded center of screen 2 Sch. 80 PVC 0.01 118-128
2 CG-2- Hokkaido Drill Co. Cable Tool 8/22/89 8/8/02 Grout in place 70.5 65 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 55-65
2 CG-2-81 Hokkaido Drill Co. Hollow Stem Auger 7/31/89 7/28/03 Grout in place 20.5 18.5 1 2 Sch. 80 | PVC [ Threaded NA 2 Sch. 80 PVC 0.01 8.5-18.5
2 CG-2-S2 Hokkaido Drill Co. | Hollow Stem Auger 7/28/88 7/28/03 Grout in place 40.5 40.5 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 30.5-40.5
1 CG-3 Tacoma Pump/Drilling Hollow Stem Auger | 12/23/87 NA 315 30 1 2 Sch. 80 | PVC | Threaded bottom of screen 2 Sch. 80 PVC 0.01 20-30
2 CG-4-D Hokkaido Drill Co% Cable Tool 6/16/89 1/22/02 Grout in place 109.5 105 1 2 Sch. 80 | PVC [ Threaded NA 2 Sch. 80 PVC 0.01 95-105
2 CG-5-D Holt Drilling Cable Tool 6/29/89 NA 123 108 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 98-108
2 CG-5-I Hokkaido.Drill Co. Cable Tool 8/17/89 NA 64.5 63.5 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 53.5-63.5
2 CG-5-51 Hokkaido Drill Co. Hollow Stem Auger 7/5/89 NA 17 15 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 5-15
2 CG-5-S2 .. |. Hokkaido Drill Co. Hollow Stem Auger 7/7/189 NA 45 44 1 2 | Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 34-44
2 CG-6-S1 Hokkaido Drill Co. | Hollow Stem Auger 07/1989 NA 16.8 15 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 515
2 CG-6-52 Hokkaido Drill Co. Hollow Stem Auger 7/10/89 NA 38.5 35 1 2 Sch. 80 { PVC | Threaded NA 2 Sch. 80 PVC 0.01 25-35
2 CG-7-81 Hokkaido Drill Co. Hollow Stem Auger 7/14/89 8/6/02 17.5 15.5 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 5.5-15.5
2 CG-7-82 Hokkaido Drill Co. | Hollow Stem Auger 7/13/89 7/28/03 Grout in place 38 31 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 21-31
2 CG-8-S1 Hokkaido Drill Co. Hollow Stem Auger 7/27/89 7/28/03 Grout in place 20 18 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 8-18
2 CG-8-S2 Hokkaido Drill Co. Hollow Stem Auger 7/26/89 7/28/03 Grout in place 415 40.5 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 30.5-40.5
2 CG-9-| Hokkaido Drill Co. Cable Tool 8/25/89 7/28/03 Grout in place 75 73 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 63-73
2 CG-9-S1 Hokkaido Drill Co. | Hollow Stem Auger 7/25/89 7/28/03 Grout in place 19 17 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 7-17
2 CG-9-S2 Hokkaido Drill Co. Hollow Stem Auger 7/24/89 7/28/03 Grout in place 415 41 1 2 Sch. 80 | PVC | Threaded NA 2 Sch. 80 PVC 0.01 31-41
3 CG-106-WT Cascade Dirilling Hollow Stem Auger 4/25/02 NA 15 14.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 4-14
3 CG-106- Cascade Dirilling Hollow Stem Auger 5/7/02 NA 38 36.67 1 2 sch. 40 | PVC [ Threaded NA 2 Sch. 40 PVC 0.01 26-36
3 CG-106-D Cascade Drilling Hollow Stem Auger 5/6/02 NA 72 70.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 60-70
3 CG-107-WT Cascade Drilling Hollow Stem Auger | | 4/24/02 NA 15.17 15.17 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 4.5-14.5
3 CG-114-75 Cascade Drilling Hollow Stem Auger 3/20/02 NA 80 74.83 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC [ 0.01 [64.17-74.17
3 CG-115-WT | Cascade Drilling Hollow Stem Auger 3/20/02 NA 16 15.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 5-15
3 CG-115-75 Cascade Drilling Hollow Stem Auger 3/20/02 NA 80 75.67 1 2 sch, 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 65-75
3 CG-119-40 Cascade Drilling Hollow Stem Auger 3/21/02 NA 42 40.67 1 2 sch. 40 [ PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-120-75 Cascade Dirilling Hollow Stem Auger 3/19/02 NA 80 75.67 1 2 sch. 40 { PVC [ Threaded NA 2 Sch. 40| prepacked PVC | 0.01 65-75
3 CG-121-40 Cascade Dirilling Hollow Stem Auger 3/19/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-121-70 Cascade Drilling Hollow Stem Auger 3/19/02 NA 73 70.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 60-70
3 CG-122-WT Cascade Dirilling Hollow Stem Auger 3/5/02 NA 16.5 . 15.67 1 2 sch. 40 | PVC [ Threaded NA 2 Sch. 40 PVC 0.02 5-15 .
3 CG-122-60 Cascade Drilling Hollow Stem Auger 3/5/02 NA 63 60.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 50-60
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Table 41

Groundwater Monitoring Well Construction Details

; General Well Information Screened Sample Interval Well Casing Screen
Total TJ::: I:Je" Water Sl;:l\:z:v Intermediate Deep Slot Screen
Phase Well ID Contractor Drilling Method Installation { Abandonment | Abandonment | Borehole Depth Table Aquifer Aquifer Aquifer D.lameter Material Typt.e z_)f Centrafizers Qlameter Material Size |Interval (ft
Date Date Method Depth Sample Sample Sample | (inches) PVC joint (inches) .
(ft bgs) (ft from Interval Sample Interval {nterval (inches) bgs)
TOC) Interval
3 CG-123-90 Cascade Drilling Hollow Stem Auger 3/22/02 NA 95 90.5 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 |79.83-89.83
3 CG-124-WT Cascade Drilling Hollow Stem Auger 3/27/02 NA 16 15.17 1 2 sch. 40 [ PVC | Threaded NA 2 Sch. 40 PVC 0.01 45-14.5
3 CG-124-40 Cascade Drilling Hollow Stem Auger 3/27/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PvC 0.01 30-40
3 CG-124-70 Cascade Drilling Hoilow Stem Auger 3/27/02 NA 74 70.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC [ 0.01 60-70
3 CG-125-40 Cascade Drilling Hollow Stem Auger 3/18/02 NA 42 40.67 1 2 sch. 40 [ PVC | Threaded NA 2 Sch, 40 PVC 0.01 30-40
3 CG-126-WT | Cascade Drilling Hollow Stem Auger 3/11/02 NA 16 15.17 1 2 sch. 40 | PVC | Threaded |. NA 2 Sch. 40 PVC 0.02 4.5-14.5
3 CG-127-WT{ Cascade Drilling Hollow Stem Auger 3/21/02 NA 17.5 16.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.0t 6-16
3 CG-127-40 Cascade Drilling Hollow Stem Auger 3/21/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-128-WT | Cascade Drilling Hollow Stem Auger 3/26/02 NA 16 15.17 1 2 sch. 40 [ PVC | Threaded NA 2 Sch. 40 PVC 0.01 4.5-14.5
3 CG-128-70 Cascade Drilling Hollow Stem Auger 3/26/02 NA 74 70.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 60-70
3 CG-129-WT| Cascade Drilling Hollow Stem Auger 3/5/02 NA 16.5 15.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 5-15
3 CG-129-40 Cascade Drilling Hollow Stem Auger 3/5/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-130-WT [ Cascade Drilling Hollow Stem Auger 3/25/02 NA 16 14.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 4-14
3 CG-131-WT| Cascade Drilling Hollow Stem Auger 3/6/02 NA 16.5 15.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 5-15
3 CG-131-40 Cascade Drilling Hollow Stem Auger 3/6/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-132-WT| Cascade Drilling Hollow Stem Auger 3/11/02 NA 16 15.17 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 4.5-14.5
3 CG-132-40 Cascade Drilling Hollow Stem Auger 3/11/02 NA 43 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-133-40 Cascade Dirilling Hollow Stem Auger 4/1/02 NA 41 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-134-WT | Cascade Drilling Hollow Stem Auger 4/24/02 NA 15 15 1 2 sch. 40 { PVC | Threaded NA 2 Sch. 40} PVC 0.01 4.33-14.33
3 CG-134-40 Cascade Drilling Hollow Stem Auger 4/1/02 NA 41 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-135-40 Cascade Drilling Hollow Stem Auger 3/25/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-135-50 Cascade Drilling Hollow Stem Auger 3/25/02 NA 52 50.67 1 2 sch. 40 | PVC [ Threaded NA 2 Sch. 40 PVC 0.01 40-50
3 CG-136-WT | Cascade Drilling Hollow Stem Auger 3/18/02 NA 16 14.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 4-14
3 CG-136-40 Cascade Drilling Hollow Stem Auger 3/19/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 30-40
3 CG-137-WT | Cascade Driiling Hollow Stem Auger 3/13/02 NA 16 15.17 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 4.5-14.5
3 CG-137-40 Cascade Drilling Hollow Stem Auger 3/13/02 NA 43 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-138-WT [ Cascade Drilling Hollow Stem Auger 3/7/02 NA 16 15.17 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 4.5-14.5
3 CG-138-40 Cascade Drilling Hollow Stem Auger 3/7/02 NA 42 40.58 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 [29.92-39.92
3 CG-138-70 Cascade Drilling Hollow Stem Auger 3/7/02 NA 73 70.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40| prepacked PVC | 0.01 60-70
3 CG-139-40 Cascade Drilling Hollow Stem Auger 3/11/02 NA 43 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-140-WT | Cascade Drilling Hollow Stem Auger 3/12/02 NA 16 15.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 5-15
3 CG-140-30 Cascade Drilling Hollow Stem Auger 7/25/03 NA 31 30.05 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 20-30
3 CG-140-40 Cascade Drilling Hollow Stem Auger 3/12/02 NA 43 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-141-WT | Cascade Drilling Hollow Stem Auger 3/14/02 NA 16 1517 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 4.5-14.5
3 CG-141-40 Cascade Drilling Hollow Stem Auger 3/14/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-141-50 Cascade Drilling Hollow Stem Auger 3/14/02 NA 52 50.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 40-50
3 CG-142-WT [ Cascade Drilling Hollow Stem Auger 3/13/02 NA 16 15.67 1 2 sch. 40 { PVC | Threaded NA 2 Sch. 40 PVC 0.02 5-15
3 CG-142-40 Cascade Drilling Hollow Stem Auger 3/13/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.02 30-40
3 CG-143-WT | Cascade Drilling Hollow Stem Auger 3/6/02 NA 16 1517 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PvVC 0.02 4.5-14.5
3 CG-143-40 Cascade Drilling Hollow Stem Auger 3/6/02 NA 42 40.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PvVC 0.02 30-40
3 CG-144-35 Cascade Drilling Hollow Stem Auger 5/8/02 NA 37 35.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 25-35
3 CG-145-35 Cascade Drilling Hollow Stem Auger 5/8/02 NA 37 35.67 1 2 sch. 40 | PVC | Threaded NA 2 Sch. 40 PVC 0.01 25-35
3 CG-151-25 Cascade Drilling Hollow Stem Auger 7/25/03 NA 25.5 24.88 1 2 sch. 40 | PVC [ Threaded NA 2 Sch. 40 PVC 0.01 15-25
32 31 17 5
Final Tables_4 11/3/03

20of 4



Table 4-1
Groundwater Monitoring Well Construction Details

Filter Pack . Seal Conductor Casing Pump
Conductor
) Conductor . Conductor . Conductor Conductor
Weil ID Type-Material Filter Pack Interval Seal (ft bgs) Casing #1 o.d. COgdut:o;tCasmg Casing #2 o.d. Casing Casing #3 o.d. | Casing Depth Surface Seal Type Depth (feet
(ft bgs) (inches) epth (ft bgs) (inches) De‘::s) (ft (inches) (ft bgs) from TOC)
CG-101-81 10-20-silica sand 5.0-17.5 2-5 NA NA NA NA 10.5 0-17.5 Concrete, steel flush mount | Grundfos 14.3
CG-101-S2 20-40-silica sand 18.5-32 0-18.5 NA NA NA NA 10.5 0-32 Concrete, steel flush mount | Grundfos 26
CG-102-D 20-40-silica sand 99.5-112.0 1-99.5 21.5 0 18 32-67 125 67-130 Concrete, steel flush mount Bladder 107
CG-102-1 20-40-silica sand 50.0-63.5 1-50 NA NA 18 0-32 125 32-69 Concrete, steel flush mount | Grundfos 58.7
CG-102-S1 10-20-silica sand 5.3-17.8 1-5.3 NA NA NA NA 10.5 0-17.8 Concrete, steel flush mount | Grundfos 159
CG-102-S2 20-40-silica sand 18.0-31.0 1-18 NA NA NA NA 10.8 0-31.5 Concrete, steel flush mount | Grundfos 25.7
CG-103-i 20-40-silica sand 59.0-71.5 1-59 NA NA 18 0-37 12.5 37-80 Concrete, steel flush mount | Grundfos 66.7
CG-103-S1 10-20-silica sand 5.5-18.0 0.5-5.5 NA NA NA NA 10.5 0-18 | Concrete, steel flush mount Bladder 13.5
CG-103-S2 10-20-silica sand 22.0-35.5 1-22 NA NA NA NA 10.5 0-35.5 Concrete, steel flush mount | Grundfos 30.7
CG-104-D 20-40-silica sand 111.0-123.5 0.5-111 215 0 18 33-69 12.5 69-127 Concrete, steel flush mount Bladder 118.5
CG-104-| 20-40-silica sand 52.5-66.0 0.5-52.5 NA NA 18 0-33 12.5 33-70 Concrete, steel flush mount [  Grundfos 61.2
CG-104-S1 10-20-silica sand 5.5-18.0 1-5.5 NA NA NA NA 10.5 0-18 Concrete, steel flush mount | Grundfos 15.4
CG-104-S2 10-20-silica sand 18.5-31.0 1-18.5 NA NA NA NA 10.5 0-33 Concrete, steel flush mount | Grundfos 28
CG-105-1 20-40-silica sand 53.2-66.7 1-63.2 NA NA 18 0-37 12.5 37-76.5 Concrete, steel flush mount [ Grundfos 61.8
CG-105-S1 10-20-silica sand 5.0-17.5 0.5-5 NA NA NA " NA 10.5 0-17.5 Concrete, steel flush mount | Grundfos 15.6
CG-105-S2 10-20-silica sand 22.0-35.0 2-22 NA NA NA NA 10.5 0-35 Concrete, steel flush mount Bladder 30
CG-10-81 | Colorado Silica Sand #8/12 4.5-17.5 2-45 NA NA NA NA 12 ) 0-17.5 Concrete, steel flush mount [ Grundfos 14.4
CG-10-82 | Colorado Silica Sand #8/12 13-26.5 1.5-13 NA NA NA NA 12 0-28.5 Concrete, steel flush mount - --
CG-111-1 20-40-silica sand 39.0-52.5 1-39 NA NA 18 0-22 12.5 22-60 Concrete, steel flush mount Bladder 475
CG-112-S1 Monterey Sand #212 3.5-15.5 1.5-3.5 NA NA NA NA 12.5 0-15.5 Concrete, steel flush mount Bladder 12.5
CG-413-S1 Monterey Sand #212 4-15 1.54 NA NA - NA NA 12.5 0-15.5 Concrete, steel flush mount | Grundfos 9.5
CG-11-| #20/40-silica sand 54-68 3-54 NA NA 15 0-35 8 35-68 Concrete, steel flush mount - -
CG-11-S1 | Colorado Silica Sand #8/12 4-17 1.5-4 NA NA NA NA 12 0-17 Concrete, steel flush mount Bladder 10.5
CG-11-S2 | Colorado Silica Sand #8/12 23-37 1.5-23 NA NA NA NA 12 0-41.5 Concrete, steel flush mount - -
CG-12-1 #20/40-silica sand 51-65 18, 3-51 NA NA 15 0-35 8 35-65 Concrete, steel flush mount -~ -
CG-12-81 2/12 silica sand 5-18 4-5 NA NA NA NA 15 0-18 Concrete, steel flush mount - -
CG-1-D Colorado Silica Sand #8/12 91-109 8-91 NA NA 12.5 0-55 10.5 55-109 Concrete, steel flush mount - -
CG-1-1 Colorado Silica Sand #8/12 51-66 1.5-51 NA NA 18 0-30 12.5 30-66 Concrete, steel flush mount - -
CG-1-S1 Colorado Silica Sand #8/12 45-17.5 1.5-4.5 NA NA NA NA 12 0-17.5 Concrete, steel flush mount [ Grundfos
CG-1-82 Colorado Silica Sand #8/12 17.5-30.5 1.5-17.5 NA NA NA NA 12 0-30.5 Concrete, steel flush mount - -
CG-2-D Colorado Silica Sand #8/12 113-128 5-113 NA NA NA NA 10.5 0-128.5 Concrete, steel flush mount - -
CG-2-1 Colorado Silica Sand #8/12 48-66 1.5-48 NA NA 18 0-30 12.5 30-70.5 Concrete, steel flush mount - -
CG-2-81 Colorado Silica Sand #8/12 6.5-20.5 1.5-6.5 NA 0-32 NA NA 12 0-20.5 Concrete, steel flush mount Bladder 14.5
CG-2-82 Colorado Silica Sand #8/12 4-28.5 1.5-27 NA . NA NA NA 12 0-40.5 Concrete, steel flush mount -- -
CG-3 Colorado Silica Sand #8/12 16.5-30 1.5-18.5 NA NA NA NA 7.5 0-31.5 Concrete, steel flush mount | Grundfos 25.7
CG-4-D Colorado Silica Sand #8/12 90.5-108 1.5-93 215 NA 18 35-64 12.5 64-109.5 Concrete, steel flush mount - -
CG-5-D Colorado Silica Sand #8/12 95-110 1.5-118 21.5 0-33 18 44-69 12.5 69-123 Concrete, steel flush mount -- -
CG-5-1 Colorado Silica Sand #8/12 48-64.5 1.5-48 NA NA 18 0-44 12.5 44-64.5 Concrete, steel flush mount - -
CG-5-§1 Colorado Silica Sand #8/12 4-17 1.54 NA NA NA NA 12 0-17 Concrete, steel flush mount - -
CG-5-82 Colorado Silica Sand #8/12 32-45 1.5-32 . NA NA NA NA 12 0-45 Concrete, steel flush mount - -
CG-6-S1 Colorado Silica Sand #8/12 45-17 1.5-4 NA NA NA NA 12 0-16.8 Concrete, steel flush mount - -
CG-6-82 | Colorado Silica Sand #8/12 22.5-35.5 1.5-22.5 NA NA NA NA 12 0-38.5 Concrete, steel flush mount - -
CG-7-S1 Colorado Silica Sand #8/12 5.5-17.5 1.5-55 NA NA NA NA 12 0-17.5 Concrete, steel flush mount - --
CG-7-82 Colorado Silica Sand #8/12 18-31.5 1.5-18 NA NA NA NA 12 0-38 Concrete, steel flush mount - -
CG-8-S1 Colorado Silica Sand #8/12 6-20 1.5-6 NA NA NA NA 12 0-20 Concrete, steel flush mount - -
CG-8-S2 | Colorado Silica Sand #8/12 28.5-41.5 1.5-28.5 NA NA NA NA 12 0-41.5 Concrete, steel flush mount - -
CG-9-1 Colorado Silica Sand #8/12 60.5-75 1.5-61 NA NA 18 0-41 12.5 41-75 Concrete, steel flush mount - --
CG-9-S1 8x12-silica sand 5-19 1.5-5 NA NA NA NA 12 0-19 Concrete, steel flush mount Bladder 14.5
CG-9-S2 8x12-silica sand 28-41.5 1.5-28 NA NA NA NA 12 0-41.5 Concrete, steel flush mount - -
CG-106-WT | Colorado Silica Sand #10/20 3.5-14.83 . 1.5-3.5 NA NA NA NA 8.25 0-15 Concrete, steel flush mount Bladder 9
CG-106-1 | Colorado Silica Sand #10/20 23-37.17 3-23 NA NA NA NA 8.25 0-38 Concrete, steel flush mount Bladder 31
CG-106-D | Colorado Silica Sand #10/20 57-70 4-57 NA NA 15 41 8.25 41-72 Concrete, steel flush mount Bladder 65
CG-107-WT | Colorado Silica Sand #10/20 4-15.17 . 24 NA NA NA NA 8.25 0-15.17 Congcrete, steel flush mount Bladder 9.5
CG-114-75 | Colorado Silica Sand #20/40 62-74.17 2-62 NA NA NA NA 8 0-80 Concrete, steel flush mount Bladder 69 .
CG-115-WT | Colorado Silica Sand #10/20 45-16 2-4.5 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 11
CG-115-75 |Colorado Silica Sand #20/40 62-75 2-62 NA NA NA NA 8 0-80 Concrete, steel flush mount Bladder 70
CG-119-40 | Colorado Silica Sand #10/20 28-41.17 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-120-75 | Colorado Silica Sand #20/40 62-65 2-62 NA NA NA NA 8 0-80 Concrete, steel flush mount Bladder 70
CG-121-40 | Colorado Silica Sand #10/20 28-41.17 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-121-70 | Colorado Silica Sand #20/40 57-60 2-57 NA ] NA NA NA 8 0-73 Concrete, steel flush mount Bladder 64.5
CG-122-WT | Colorado Silica Sand #8/12 4.5-18 2-4.5 NA NA . NA NA 8 0-16.5 Concrete, steel flush mount Bladder 11
CG-122-60 | Colorado Silica Sand #10/20 47-50 2-47 NA NA NA NA 8 0-63 Concrete, steel flush mount Bladder 55
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Table 4-1

Groundwater Monitoring Well Construction Details

Filter Pack . Seal Conductor Casing Pump
Conductor
! Conductor . Conductor i Conductor Conductor
Well ID Type-Material Filter Pack Interval Seal (ft bgs) Casing #1 0.d. Conductor Casing Casing #2 0.d. Casing Casing #3 o0.d. | Casing Depth Surface Seal Type Depth (feet
(ft bgs) (inches) Depth (ft bgs) (inches) De‘:;‘s) (1 (inches) (ft bgs) from TOC)
CG-123-90 [ Colorado Silica Sand #10/20 77-90.5 2-77 NA NA NA NA 8 0-95 Concrete, steel flush mount Bladder 84.5
CG-124-WT | Colorado Silica Sand #10/20 4-15.5 2-4 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 11
CG-124-40 | Colorado Silica Sand #10/20 28-41.17 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-124-70 | Colorado Silica Sand #10/20 57-64 2-57 NA NA NA NA 8 0-74 Concrete, steel flush mount Bladder 65
CG-125-40 | Colorado Silica Sand #10/20 28-41.17 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-126-WT | Colorado Silica Sand #8/12 4-15.25 2-4 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 11.5
CG-127-WT | Colorado Silica Sand #10/20 5-17.17 2-5 NA NA NA NA 8 0-17.5 Concrete, steel flush mount Bladder 12
CG-127-40 | Colorado Silica Sand #10/20 28-41.17 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-128-WT | Colorado Silica Sand #10/20 4-15.67 2-4 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 10
CG-128-70 | Colorado Silica Sand #10/20 57-63 2-57 NA NA NA NA 8 0-74 Concrete, steel flush mount Bladder 64.5
CG-129-WT | Colorado Silica Sand #8/12 4.5-16.17 2-45 NA NA NA NA 8 0-16.5 Concrete, steel flush mount Bladder 10.5
CG-129-40 | Colorado Silica Sand #8/12 29-41 2-29 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-130-WT | Colorado Silica Sand #10/20 3.5-155 2-3.5 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 10
CG-131-WT | Colorado Silica Sand #8/12 4.5-16.08 2-4.5 NA NA NA NA 8 0-16.5 Concrete, steel flush mount Bladder 10.5
CG-131-40 | Colorado Silica Sand #8/12 27-41 2-27 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-132-WT | Colorado Silica Sand #8/12 4-15.33 2-4 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 10.5
CG-132-40 | Colorado Silica Sand #8/12 28-41.17 2-28 NA NA NA NA 8 0-43 Concrete, steel flush mount Bladder 35
CG-133-40 | Colorado Silica Sand #10/20 28-40.67 2.5-28 NA NA NA NA 8 0-41 Concrete, steei flush mount Bladder 345
CG-134-WT | Colorado Silica Sand #10/20 3.83-15 2-3.83 NA NA NA NA 8 0-15 Concrete, steel flush mount Bladder 10
| CG-134-40 | Colorado Silica Sand #10/20 27.83-40.67 3-27.83 NA NA NA NA 8 0-41 Concrete, steel flush mount Bladder 34.5
CG-135-40 | Colorado Silica Sand #10/20 28-41.33 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-135-50 | Colorado Silica Sand #10/20 38-51.33 2-38 NA NA NA NA 8 0-52 Concrete, steel flush mount Bladder 45
CG-136-WT | Colorado Silica Sand #10/20 3.5-15.33 2-3.5 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 95
CG-136-40 | Colorado Silica Sand #10/20 28-41.33 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-137-WT | Colorado Silica Sand #8/12 4-15.67 2-4 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 10.5
CG-137-40 | Colorado Silica Sand #8/12 28-41.17 2-28 NA NA NA NA 8 0-43 Concrete, steel flush mount Bladder 35
CG-138-WT | Colorado Silica Sand #8/12 4-155 2-4 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 10.5
CG-138-40 | Colorado Silica Sand #8/12 28-40.58 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 345
CG-138-70 Pre pack 57-60 2-57 NA NA NA NA 8 0-73 Concrete, steel flush mount Bladder 64.5
CG-139-40 | Colorado Silica Sand #8/12 28-41.08 2-28 NA NA NA NA 8 0-43 Concrete, steel flush mount Bladder 345
CG-140-WT | Colorado Silica Sand #8/12 4.5-16 2-4.5 NA NA NA NA ] 0-16 Concrete, steel flush mount Bladder 11
CG-140-30 | Colorado Silica Sand #10/20 18-31 2-18 NA NA NA NA 8 0-31 Concrete, steel flush mount Bladder TBD
CG-140-40 | Colorado Silica Sand #8/12 28-41.58 2-28 NA NA NA NA 8 0-43 Concrete, steel flush mount Bladder 345
CG-141-WT | Colorado Silica Sand #8/12 4-15.67 2-4 NA NA NA NA 8 0-18 Concrete, steel flush mount Bladder 11
CG-141-40 | Colorado Silica Sand #8/12 28-41.17 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 34.5
CG-141-50 | Colorado Silica Sand #8/12 38-51.67 2-38 NA NA NA NA 8 0-52 Concrete, steel flush mount Bladder 445
CG-142-WT | Colorado Silica Sand #8/12 45-16 2-4.5 NA NA NA NA 8 0-16 Concrete, steel flush mount Bladder 11
CG-142-40 | Colorado Silica Sand #8/12 28-41.67 2-28 NA NA NA NA 8 0-42 Concrete, steel flush mount Bladder 35
CG-143-WT | Colorado Silica Sand #8/12 4-15.25 2-4 NA NA NA NA 8 0-15 Concrete, steel flush mount Bladder 10.5
CG-143-40 | Colorado Silica Sand #8/12 27-41.33 2-27 NA NA NA NA 8 - 0-42 Concrete, steel flush mount Bladder 35
CG-144-35 | Colorado Silica Sand #10/20 23-36.17 2-23 NA NA NA NA 8 0-37 Concrete, steel flush mount Bladder 30
CG-145-35 | Colorado Silica Sand #10/20 23-36.17 3-23 NA NA NA NA 8 0-37 Concrete, steel flush mount Bladder 30
CG-151-25 | Colorado Silica Sand #10/20 13-25.5 2-13 NA NA NA NA 8 0-25 Concrete, steel flush mount NA NA
Final Tables_4 11/3/03
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Table 4-2

Summary of Monitoring Well Survey Data

Location Survey Data

Measuring
Welllp | Northing | Easting g‘;‘r’f‘;:‘: Point

Coordinate | Coordinate . (feet, City

Elevation
(feet) (feet) (feet) of Seattle
Datum)
CG-101-S1 | 205881.59 | 1272890.13| 19.51 19.18
CG-101-S2 | 205875.59 | 1272891.13| 19.66 18.81
CG-102-D | 205394.59 | 1272664.13| 20.86 20.43
CG-102-1 | 205394.59 | 1272657.13| 20.87 20.5
CG-102-S1 | 205394.59 | 1272649.13| 20.95 20.58
CG-102-S2 | 205393.59 | 1272644.13| 20.96 20.63
CG-103-1 | 205457.59 | 1272458.13| 21.21 20.72
CG-103-S1 | 205463.59 | 1272449.13| 21.19 20.68
CG-103-S2 | 205463.59 | 127245513 | 21.15 20.78
CG-104-D | 205642.59 | 1272260.13| 20.61 20.26
CG-104-1 | 205621.59 | 1272249.13| 20.33 19.78
CG-104-S1 | 205612.59 | 1272258.13| 20.29 19.88
CG-104-S2 | 205616.59 | 1272254.13| 20.22 19.73
CG-105-1 | 205842.59 | 1272305.13| 20.57 20.11
CG-105-S1 | 205832.59 | 1272295.13| 20.35 20

CG-105-S2 | 205838.59 | 1272301.13| 20.47 20.05
CG-10-S1 | 205768.59 | 1272513.13] 19.22 18.73
CG-10-S2 | 205771.59 | 1272511.13| 19.23 18.73
CG-111-1 | '205321.59 | 1272971.13| 20.21 19.88
CG-112-81 | 205507.09 | 1272283.43| 21.03 20.57
CG-113-S1 | 205594.99 | 1272201.33} 20.71 20.32
CG-11-1 | 205872.44 | 1272407261 17.62 17.27
CG-11-S1 | 205866.59 | 1272412.13| 17.75 17.18
CG-11-82 -| 205869.59 | 1272409.13| 17.69 17.25
CG-12-1 205899.35 | 1272441.47| 17.37 17.06
CG-1-D 205813.59 | 1272465.13| 18.53 18.09
CG-1- 205819.59 | 1272458.13| 18.31 17.76
CG-1-S1 205816.59 | 1272461.13| 18.45 18.02
CG-1-82 205816.59 | 1272465.13] 18.44 17.94
CG-2-D 205546.59 | 1272534.13| 22.16 21.56
CG-2- 205537.59 | 1272553.13| 22.13 21.59
CG-2-81 205519.59 | 1272567.13| 22.17 21.57
CG-2-82 205522.59 | 1272563.13| 22.14 21.66
CG-3 205821.59 | 1272739.13| 18.61 17.99
CG4-D 205947.59 | 1272488.13 17.6 17.24
CG-5-D 205494.59 | 1272767.13| 21.63 20.99
CG-5- 205504.59 | 1272761.13| 21.43 20.88
CG-5-S1 205500.59 | 1272765.13 21.5 21.05
CG-5-S2 205496.59 | 1272766.13| 21.53 21.03
CG-6-S1 205667.59 | 1272606.13| 18.66 18.2
CG-6-5S2 205669.59 | 1272605.13| 18.66 18.24
CG-7-31 205577.59 | 1272661.13| 19.29 18.82
CG-7-S2 205573.59 | 1272663.13| 20.34 18.79
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Table 4-2
Summary of Monitoring Well Survey Data

Location Survey Data

Measuring
Well ID Northing Easting g;:;;:: Point

Coordinate | Coordinate . {feet, City

Elevation
{feet) (feet) (feet) of Seattle
Datum)
CG-8-S1 205600.59 | 1272483.13| 22.12 21.54
CG-8-S2 205602.59 | 1272481.13} 22.11 21.6
CG-9-1 205653.59 | 1272429.13| 22.37 21.79
CG-9-S1 205658.59 | 1272422.13} 22.42 21.94
CG-9-S2 205661.59 | 1272419.13| 22.42 21.9
CG-106-WT | 205709.4 | 1272917.9 19.43 19.16
CG-106-! 205707.3 | 1272918.4 19.31 18.92
CG-106-D | 205711.3 | 1272916.4 19.41 19.02
CG-107-WT| 205130.4 | 127299151 19.44 19.05
CG-114-75 | 205824.99 | 1272100.83 | 20.33 20

CG-115-WT | 205770.19 | 1272153.53| 20.41 20.14
CG-115-75 | 205775.69 | 1272148.43 | 20.44 20.09
CG-119-40 | 205516.19 | 1272377.83] 20.59 20.35
CG-120-75 | 205858.89 | 1271980.23| 19.45 19.16
CG-121-40 | 205659.79 | 1272017.53 19.5 19.1
CG-121-70 | 205653.69 | 1272017.53| 19.54 19.07
CG-122-WT | 205459.29 | 1271973.23| 20.04 19.59
CG-122-60 | 205464.79 | 1271973.63| 20.05 19.73
CG-123-90 | 205440.79 | 1272198.93 20.6 20.33
CG-124-WT | 205436.99 | 1272310.93| 21.15 20.96
CG-124-40 | 205437.39 | 1272306.93| 20.99 20.87
CG-124-70 | 205437.39 | 1272303.13| 21.14 20.84
CG-125-40 | 205043.19 | 1272060.93| 20.76 20.36
CG-126-WT | 205200.59 | 1272013.73| 20.63 20.3
CG-127-WT | 204998.29 | 1271654.33| 20.55 20.32
CG-127-40 | 204991.49 | 1271654.23| 20.48 20.2
CG-128-WT | 205385.99 | 1271647.03| 18.81 18.36
CG-128-70 | 205390.49 | 1271647.53 | 18.81 18.35
CG-129-WT | 205737.79 | 1271654.83| 18.88 18.46
CG-129-40 | 205742.99 | 1271654.13| 18.68 18.35
CG-130-WT | 205374.39 | 1271278.53| 17.64 17.28
CG-131-WT | 204927.39 | 1271272.53| 17.91 17.52
CG-131-40 | 204932.69 | 1271271.93| 18.02 17.57
CG-132-WT | 204468.39 | 1271617.33| 18.69 18.5
CG-132-40 | 204463.79 | 1271617.33| 18.62 18.31
CG-133-40 | 203836.2 | 1270968.61| 16.74 16.45
CG-134-WT | 204729.9 | 1270981.7 17.86 17.54
CG-134-40 204734 1270981.9 17.84 17.37
CG-135-40 | 205373.49 | 1270999.93| 17.42 16.99
CG-135-50 | 205376.59 | 1270999.83| 17.38 16.95
CG-136-WT | 204660.59 | 1270620.13| 15.03 14.67
CG-136-40 | 204665.79 | 1270620.33| 15.07 14.34
CG-137-WT | 204434.1 1270264.2 15.84 15.39
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Table 4-2

Summary of Monitoring Weil Survey Data

Location Survey Data

Measuring
Well ID Northing Easting g::fl:;: Point

Coordinate | Coordinate . (feet, City

Elevation
(feet) (feet) (feet) of Seattle
Datum)

CG-137-40 | 204438.8 | 1270264.3 15.88 15.43
CG-138-WT | 205255.19 | 1270243.13| 16.57 16.28
CG-138-40 | 205260.19 | 1270243.33| 16.62 16.32
CG-138-70 | 205265.49 | 1270243.43| 16.65 16.29
CG-139-40 | 205777.89 | 1270294.23 | 16.67 16.36
CG-140-WT | 204275.99 | 1269432.83| 15.36 15.02
CG-140-30 | 204273.9 | 1269422.7 15.25 14.9
CG-140-40 | 204274.99 | 1269427.63| 15.28 14.87
CG-141-WT | 204414.29 } 1269750.93| 16.93 16.61
CG-141-40 | 204424.99 | 1269750.13| 17.01 16.66
CG-141-50 | 204429.99 | 1269750.33 17 16.68
CG-142-WT | 204976.69 | 1269451.43| 16.82 16.38
CG-142-40 | 204977.19 | 1269446.93 | 16.72 16.26
CG-143-WT | 205522.29 | 1269339.23| 15.73 15.43
CG-143-40 | 205522.79 | 1269332.63| 15.67 15.24
CG-144-35 204984 1268831.31 15.43 15.18
CG-145-35 | 205130.7 | 1268842.81 15.42 15.11
CG-151-25 | 204170.4 | 1268749.6 11.65 11.31
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Table 4-3

Soil Gas Port Construction Details

General Well Information Well Casing Screen Fiiter Pack Seal Conductor Casing
Total Initiai Scl:een Filter Pack Conductor | Conductor
. ID i b, t i . X i . i
Phase Well Contractor| Drilling Method Instailation | Abandonment | Borehole |Total Well Qlameter Material Typt.e 9f Centralizers Dfametﬂ Materiat S'Iot Size Interval Type-Material Interval (ft Seal Casing o.d.| Casing Depth Surface Seal
Date Date Depth Depth | (inches) PVC joint (inches) (inches) (ft bgs) b (ft bgs) inch £ bas) fré
(ftbgs) | (ft bgs) g gs) (inches) | {ft bgs)from
Post CG-2-SG PSC Hollow Stem Auger 11/20/00 NA 525 5 1 Staintess Steel | Threaded NA 1 Stainiess Steel 0.02 4.5-5 Monterey Sand #212 4.25-5.25 | 0.5-4.25 12.5 0-5.25 Concrete, steel flush mount
Post CG-3-SG PSC Hollow Stem Auger 11/20/00 NA 5.25 5 1 Stainless Steel | Threaded NA 1 Stainless Steel 0.02 45-5 Monterey Sand #212 3.75-5.25 | 05-3.75 125 0-5.25 Concrete, steel flush mount
Post CG-4-5G PSC Hollow Stem Auger 11/20/00 NA 8.25 8 1 Stainless Steel | Threaded NA 1 Stainiess Steel 0.02 7.5-8 Monterey Sand #212 7.25-8.25 | 05-7.25 125 0-8.25 Concrete, steel flush mount
Post CG-5-SG PSC Hollow Stem Auger 11/20/00 NA 5.25 S 1 Stainless Steel | Threaded NA 1 Stainless Steel 0.02 4.5-5 Monterey Sand #212 425525 | 05-4.25 125 0-5.25 Concrete, steel flush mount
Post CG-6-SG PSC Hollow Stem Auger 11/20/00 NA 8.25 8 1 Stainless Steel | Threaded NA 1 Stainless Steel 0.02 7.5-8 Monterey Sand #212 7.25-825 | 05-7.25 12.5 0-8.25 Concrete, steel flush mount
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Table 4-4

Soil Gas Port Survey Information

Location Survey Data
, . . Ground Measuring
Well ID Northing Easting Surface  |Point Elevation
Coordinate Coordinate . . i
(feet) (feet) Elevation (feet, City of
(feet) Seattle Datum)
_ CG-2-8G_ | 205585.09 1272200.225 20.7 20.7
- CG-3-5G 205505.29 1272284.925 21.01 21.01
| CG-4-SG 205508.59 1272281.925 21.03 21.03
- CG-5-5G 205634.79 1272281.925 20.96 20.96
CG-6-SG 205632.69 1272283.825 20.89 20.89
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Table 4-4

Soil Gas Port Survey Information

Location Survey Data
) . . Ground Measuring
Well ID Nortrng East,ng Surface Point Elevation
Coordinate Coordinate . - i
(feet) (feet) Elevation (feet, City of
(feet) Seattle Datum)
~ CG-2-8G 205595.09 1272200.225 20.7 20.7
CG-3-SG 205505.29 1272284.925 21.01 21.01
- CG-4-SG 205508.59 1272281.925 21.03 21.03 -
- CG-5-8G 205634.79 1272281.925 20.96 20.96 ©
CG-6-SG 205632.69 1272283.825 20.89 20.89
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Table 4-6
SVE Well Survey Information

Location Survey Data
. . Ground Measuring

Well ID North.lng East!ng Surface |Point Elevation

Coordinate | Coordinate . .
(feet) (feet) Elevation| (feet, City of
(feet) | Seattle Datum)
V-1 205790.59 | 1272507.13 | 17.79 17.32
V-2 205464.949 | 1272808.82 17.38 NA
V-3 205454.139 | 1272819.40| 17.22 NA
V-4 205426.199 | 1272847.99( 16.85 NA
11/3/03
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Table 4-7

Initial Groundwater Monitoring Well
Development Details

Development Details

Well ID Development Method Drilling Fluid Used | Drilling Fluid Type Gga';‘;:‘i‘;d 3-5 Vol:
CG-101-81 Bailer/pump Yes Water 225 yes
CG-101-582 Bailer/pump Yes Water 110 yes
CG-102-D Bailer/pump NA NA 35 yes
CG-102-1 Bailer/pump NA NA 300 yes
CG-102-51 Bailer/pump Yes Water 300 yes
CG-102-52 Bailer/pump Yes Water 460 yes
CG-103-1 Bailer/pump NA - NA 580 yes
CG-103-S1 Bailer/pump Yes Water 300 yes
CG-103-52 Bailer/pump Yes Water 495 yes
CG-104-D Bailer/pump NA NA 70 no
CG-104-1 Bailer/pump NA NA 605 yes
CG-104-51 Bailer/pump Yes Water 215 yes
CG-104-52 Bailer/pump NA NA 440 yes
CG-105-1 Bailer/pump Yes Water 660 yes
CG-105-81 Bailer/pump Yes Water 225 yes
CG-105-52 Bailer/pump Yes Water 450 yes
CG-10-S1 Bailer/HomeliteWaterbug pump NA NA 100 yes
CG-10-82 Bailer/HomeliteWaterbug pump NA NA 220 yes
CG-111-l Bailer/pump NA NA 220 yes
CG-112-81 Wattera Pump No 27 yes
CG-113-S1 Wattera Pump No 36 yes
CG-11-| Grundfos EZ-Reel Submersible NA NA 30.5 no
CG-11-81 Bailer/HomeliteWaterbug pump NA NA 110 yes
CG-11-82 Bailer/HomeliteWaterbug pump NA NA 270 yes
CG-12-| Grundfos EZ-Reel Submersible NA NA 63.32 yes
CG-1-D Centrifugal Pump Yes Water 400 yes
CG-1-| Bailer/HomeliteWaterbug pump NA NA 75 yes
CG-1-81 Bailer/HomeliteWaterbug pump NA NA 100 yes
CG-1-S2 Bailer/HomeliteWaterbug pump NA NA 260 yes
CG-2-D Bailer Yes Water 16 no
CG-2-1 Bailer/HomeliteWaterbug pump NA NA 55 no
CG-2-81 Bailer/HomeliteWaterbug pump NA NA 160 yes
CG-2-82 Bailer/HomeliteWaterbug pump NA NA 330 yes
CG-3 Centrifugal Pump Yes Water 45 yes
CG-4-D Bailer/HomeliteWaterbug pump NA NA 55 no
CG-5-D Bailer/HomeliteWaterbug pump NA NA 50 yes
CG-5- Bailer/HomeliteWaterbug pump NA NA 80 yes
CG-5-81 Bailer/HomeliteWaterbug pump NA NA 60 yes
CG-5-S2 Bailer/HomeliteWaterbug pump NA NA 380 yes
CG-6-S1 Bailer/HomeliteWaterbug pump NA NA 110 yes
CG-6-S2 Bailer/HomeliteWaterbug pump NA NA 275 yes
CG-7-S1 Bailer/HomeliteWaterbug pump NA NA 80 yes
CG-7-S2 Bailer/HomeliteWaterbug pump NA NA 220 yes
CG-8-S1 Bailer/HomeliteWaterbug pump NA NA 140 yes
CG-8-S2 Bailer/HomeliteWaterbug pump NA NA 330 yes
CG-9- Bailer/HomeliteWaterbug pump NA NA 6 pv yes
CG-9-81 Bailer/HomeliteWaterbug pump NA NA 140 yes
CG-9-S2 Bailer/HomeliteWaterbug pump NA NA 350 yes

V-1 Not Available NA NA Not Available |Not Available
CG-106-WT] In-line Whale Pumps No NA 70 yes
CG-106-1 In-line Whale Pumps No NA 110 yes
CG-108-D In-line Whale Pumps No NA 160 yes
CG-107-WT| In-line Whale Pumps No NA 65 yes
CG-114-75 In-line Whale Pumps No NA 165 yes
Final Tables_4 Page 1 of 2 11/3/03



Table 4-7

Initial Groundwater Monitoring Well
Development Details

Development Details
Well ID Development Method Drilling Fiuid Used | Drilling Fluid Type G(‘ga';::‘gs‘;d 3-5 Vol:
CG-115-WT] In-line Whale Pumps No NA 65 yes
CG-115-75 In-line Whale Pumps No NA 160 yes
CG-119-40 In-line Whale Pumps No NA 120 yes
CG-120-75 In-line Whale Pumps No NA 170 yes
CG-121-40 In-line Whale Pumps No NA 115 yes
CG-121-70 In-line Whale Pumps No NA 150 yes
CG-122-WT In-line Whale Pumps No NA 68 yes
CG-122-60 In-line Whale Pumps No NA 135 yes
CG-123-90| EZ Reel Submersible Grundfos Pump No NA 180 yes
CG-124-WT| In-line Whale Pumps No NA 70 yes
CG-124-40 In-line Whale Pumps No NA 110 yes
CG-124-70 In-line Whale Pumps No NA 160 yes
CG-12540 In-line Whale Pumps No NA 110 yes
CG-126-WT| In-line Whale Pumps No NA 70 yes
CG-127-WT| In-line Whale Pumps No NA 75 yes
CG-127-40 In-line Whale Pumps No NA 115 yes
CG-128-WT] In-line Whale Pumps No NA 70 yes
CG-128-70 In-line Whale Pumps No NA 150 yes
CG-129-WT] In-line Whale Pumps No NA 68 yes
CG-129-40 In-line Whale Pumps No NA 75 yes
CG-130-WT| In-line Whale Pumps No NA ~55 yes
CG-131-WT] In-line Whale Pumps No NA 70 yes
CG-131-40 In-line Whale Pumps No NA 115 yes
CG-132-WT] In-line Whale Pumps No NA 70 yes
CG-13240 In-line Whale Pumps No NA 120 yes
CG-13340 In-line Whale Pumps No NA 110 yes
CG-134-WT] In-line Whale Pumps No NA 70 yes
CG-134-40 In-line Whale Pumps No NA 105 yes
CG-13540 In-line Whale Pumps No NA 110 yes
CG-135-50 In-line Whale Pumps No NA 135 yes
CG-136-WT| In-line Whale Pumps No NA 85 yes
CG-136-40 In-line Whale Pumps No NA 115 yes
CG-137-WT In-line Whale Pumps No NA 75 yes
CG-137-40 In-line Whale Pumps No NA 115 yes
CG-138- In-line Whale Pumps No NA 80 yes
CG-138-40 In-line Whale Pumps No NA 110 yes
CG-138-70 In-line Whale Pumps No NA 150 yes
CG-139-40 In-line Whale Pumps No NA 80 yes
CG-140-WT] In-line Whale Pumps No NA 55 yes
CG-140-30 Submersible Pump No NA 162 yes
CG-140-40 In-line Whale Pumps No NA 120 yes
CG-141-WT] In-line Whale Pumps No NA 55 yes
CG-141-40 In-line Whale Pumps No NA 110 yes
CG-141-50 In-line Whale Pumps No NA 125 yes
CG-142-WT]| In-line Whale Pumps No NA 75 yes
CG-14240 In-line Whale Pumps No NA 120 yes
CG-143-WT] In-line Whale Pumps No NA 60 yes
CG-143-40 In-line Whale Pumps No NA 120 yes
CG-144-35 In-line Whale Pumps No NA 120 yes
CG-145-35 In-line Whale Pumps No NA 120 yes
CG-151-25 Submersible Pump No Water 187 yes
Final Tables_4 Page 2 of 2 11/3/03
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Table 4-9

Groundwater Monitoring Well
Sampling Frequency

Momt::':g Well Water Quality Monitoring Frequency Water Level Elevation Measurement Frequency*
CG-1-S1 Quarterly 1992- 4th gtr 2001/Annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-1-S2 Quarterly 1992-4th qtr 1994 Monthly 18 mos./Quarterly through 1995
CG-1-l Quarterly 1992- 4th gtr 2001 Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterty
CG-1-D i Quarterly 1992- 4th qtr 2001 Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-2-S1 Quarterly 1992- 4th gtr 2001/Annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-2-82 Quarterly 1992-4th gtr 1994 Monthly 18 mos./Quarterly through 1995
CG-2-| Quarterly 1992- 4th gtr 2001 Monthly 18 mos./Quarterly through 1st gtr 2002
CG-2-D Quarterly 1992- 4th gtr 2001 Monthly 18 mos./Quarterly through 4th gtr 2001
CG-3 Quarterly 1992- 1st qtr 2003/Annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-4-D Quarterly 1992- 4th qtr 2001 Monthly 18 mos./Quarterly through 4th gtr 2001
CG-5-81 Quarterly 1992- 4th gtr 2001 Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-5-S2 Quarterly 1992-4th qtr 1994 , Monthly 18 mos./Quarterly through 1995
CG-5- Quarterly 1992- 4th gtr 2001 | Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-5-D Quarterly 1992- 4th gtr 2001 | Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-6-81 Quarterly 1992- 4th gtr 2000/Semi-annually through 2001 | Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-6-S2 Quarterly 1992-4th gtr 1994 ! Monthly 18 mos./Quarterly through 1995
CG-7-S1 | Quarterly 1992- 4th gtr 2000/Semi-annually through 2001 Monthly 18 mos./Quarterly through April 2002
CG-7-82 Quarterly 1992-4th gtr 1994 Monthly 18 mos./Quarterly through 1995
CG-8-S1 Quarterly 1992- 4th gtr 2001 Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-8-S2 Quarterly 1992-4th qtr 1994 , Monthly 18 mos./Quarterly through 1995
CG-9-81 Quarterly 1992- 4th gtr 2001/Annuaily | Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-9-82 Quarterly 1992-4th qgtr 1994 ! Monthly 18 mos./Quarterly through 1995
CG-9-1 Quarterly 1992- 4th qtr 2001 ' Monthly 18 mos./Quarterly through April 2002/Monthiy 12 mos./Quarterly
CG-10-S1 Quarterly 1992- 4th gtr 2001/Annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-10-S2 Quarterly 1992-4th qtr 1994 Monthiy 18 mos./Quarterly through 1995
CG-11-81 Quarterly 1993-4th gtr 2001/Annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-11-S2 Quarterly 1992-4th gtr 1994 Monthly 18 mos./Quarterly through 1995
CG-11-1 Quarterly 4th gtr 1998- 4th gtr 2001 Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-12- I Quarterly 4th gtr 1998- 4th gtr 2001 | Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-101-S1 Quarterly 1992- 1st gir 2003/Annually Monthly 18 mos./Quarterty through April 2002/Monthly 12 mos./Quarterly
CG-102-S1 i Quarterly 1992- present Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterfy
CG-102-52 Quarterly 1992- present Monthly 18 mos./Quarteriy through April 2002/Monthly 12 mos./Quarterly
CG-102-| Quarterly 1992- present Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-102-D Quarterly 1992- 1st qtr 2003/Semi-annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterty
CG-103-81 Quarterly 1992- present . Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-103-82 Quarterly 1992- present | Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-103-I Quarterly 1992- present Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-104-S1 Quarterly 1992- present Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-104-S2 Quarterly 1992- present Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-104-1 Quarterly 1992- present Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarteriy
CG-104-D Quarterly 1992- 1st gtr 2003/Semi-annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-105-S1 Quarterly 1992- 1st gtr 2003/Annually Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-105-52 Quarterly 1992- 1st gfr 2003/Annually Monthly 18 mos./Quarterly through Aprit 2002/Monthly 12 mos./Quarterly
CG-105- Quarterly 1992- 1st gtr 2003/Annually Monthly 18 mos./Quarterty through April 2002/Monthly 12 mos./Quarterly
CG-106-WT Quarterly May 2002 - 1st gtr 2003/Annually Monthly 12 mos./Quarterly
CG-106-1 Quarterly May 2002 - 1st gtr 2003/Annually Monthly 12 mos./Quarterly
CG-106-D Quarterly May 2002 - 1st gtr 2003/Annually Monthly 12 mos./Quarterly
CG-107-WT Quarterly May 2002 - 1st gtr 2003/Annually Monthly 12 mos./Quarterly
CG-111-1 Quarterly 1992- 1st gtr 2003/Annually . Monthly 18 mos./Quarterly through April 2002/Monthly 12 mos./Quarterly
I e XY Quarterly 2001- present ! Quarterly through April 2002/Monthly 12 mos./Quarterly
-113-S1 Quarterly 2001- present i Quarterly through April 2002/Monthly 12 mos./Quarterly
CG-114-75 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-115-WT Quarterly May 2002 - present Monthly 12 mos./Quarterly
| CG-115-75 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-119-40 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-120-75 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-121-40 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-121-70 ] Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-122-WT : Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-122-60 | Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-123-90 | Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-124-WT | Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-124-40 ! Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-124-70 Quarterly May 2002 - present Monthly 12 mos./Quarterly
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Groundwater Monitoring Well

Table 4-9

Sampling Frequency

Momt:;:g Well Water Quality Monitoring Frequency Water Level Elevation Measurement Frequency™
CG-125-40 | Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-126-WT : Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-127-WT Quarterly May 2002 - present ‘ Monthly 12 mos./Quarterly
CG-127-40 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-128-WT Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-128-70 | Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-129-WT ; Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-129-40 Quarterly May 2002 - present ! Monthly 12 mos./Quarterly
CG-130-WT Quarterly May 2002 - present : Monthly 12 mos./Quarterly
CC-131-WT Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-131-40 i Quarterly May 2002 - present i Monthly 12 mos./Quarterly
CG-132-WT | Quarterly May 2002 - present ' Monthly 12 mos./Quarterly
CG-132-40 ! Quarterly May 2002 - present ! Monthly 12 mos./Quarterly
CG-133-40 ; Quarterly May 2002 - present i Monthly 12 mos./Quarterly
CG-134-WT ! Quarterly May 2002 - present i Monthly 12 mos./Quarterly
CG-134-40 ! Quarterly May 2002 - present I Monthly 12 mos./Quarterly
CG-135-40 Quarterly May 2002 - present ! Monthly 12 mos./Quarterly
CG-135-50 | Quarterly May 2002 - present : Monthly 12 mos./Quarterly
CG-136-WT ! ) Quarterly May 2002 - present ) Monthly 12 mos./Quarterly
CG-136-40 Quarterly May 2002 - present | Monthly 12 mos./Quarterly
CG-137-WT Quarterly May 2002 - present i Monthiy 12 mos./Quarterly
CG-137-40 Quarterly May 2002 - present : Monthly 12 mos./Quarterly
CG-138-WT ; Quarterly May 2002 - present i Monthly 12 mos./Quarterly
CG-138-40 : Quarterly May 2002 - present | Monthly 12 mos./Quarterly
CG-138-70 | Quarterly May 2002 - present ! Monthly 12 mos./Quarterly
CG-138-40 ‘ Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-140-WT Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-140-30 Quarterly August 2003 - present Quarterly
CG-140-40 . Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-141-WT Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-141-40 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-141-50 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-142-WT 1 Quarterly May 2002 - present - Monthly 12 mos./Quarterly
CG-142-40 Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-143-WT Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-143-40 , Quarterly May 2002 - present Monthly 12 mos./Quarterly
CG-144-35 Quarterly May 2002 - present Monthly 12 mos./Quarterly
C(G-145-35 Quarterly May 2002 - present i Monthly 12 mos./Quarterly
CG-151-25 Not in monitoring program (sampled once 9/03) Quarterly

G-1 1882-1988 Periodically

G-2 1982-1988 Periodically

G-3 1982-1988 Periodically

G-4 1982-1988 Periodically

G-5 1982-1988 Periodically

G-6 ! 1982-1988 Periodically

o G-7 | 1982-1988 Periodically
G-8 | 1982-1988 Periodically

G-8 1982-1988 Periodically

HC-1 1982-1988 - Periodically

HC=2 1982-1988 Periodically
 HC3 1982-1988 Periodically
| HC4 1982-1988 ! Periodically
HC-5 J 1982-1988 | Periodically

HC-6 ! 1982-1968 . Periodically

HC-7 1982-1988 Periodically

HC-8 1982-1988 Periodically

HC-9 1982-1988 Periodically

HC-10 1982-1988 Periodically

*Monthly X Mos./Quarterly = monthly for the first X months of pre-corrective action monitoring and quarterly thereafter.
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