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1.0 INTRODUCTION

This Pre-Remedial Design Investigation (PRDI) Work Plan (Work Plan) describes the field and laboratory
activities that will be completed to collect supplemental data for the engineering analysis and design of the
Washington State Department of Ecology’s (Ecology) selected cleanup action for the Gas Works Park Site
(GWPS) in Seattle, Washington (Figure 1). The cleanup action is described in a Cleanup Action Plan (CAP)
(Ecology 2023a) which is an exhibit to Consent Decree No. 23-2-25643-3 (CD; Ecology 2024) between
Ecology, the City of Seattle (City), and Puget Sound Energy (PSE). The PRDI, remedial design, permitting,
cleanup construction and post-construction monitoring activities are being completed under the CD
pursuant to requirements of the Washington State Model Toxics Control Act (MTCA) (Chapter 70.105D of
the Revised Code of Washington [RCW] and Chapter 173-340 of the Washington State Administrative Code
[WAC]) and Sediment Management Standards (SMS) (Chapter 173-204 WAC).

1.1. General Site Description

The GWPS encompasses contamination associated with the former MGP and tar refinery, and other
historical industrial activities (Figure 2). The former Manufactured Gas Plant (MGP) operated from 1907 to
1956. Gas Works Park opened between 1973 and 1976. Additional information on the history of the GWPS
can be found in Section 1.0 of the Ecology-approved GWPS Remedial Investigation/Feasibility Study (RI/FS)
(GeoEngineers 2023).

The GWPS contains both upland and sediment areas.

The upland area of the GWPS is approximately 21 acres and is located landward of the ordinary high-water
mark (OHWM1), It includes Gas Works Park, part of Waterway 19, and the Seattle Police Harbor Patrol
(Harbor Patrol) facility. The City owns the upland area, except for Waterway 19, which is owned by the State
of Washington (State) and managed by the Washington State Department of Natural Resources (WDNR)
(Figure 3). Contamination in most of the upland area was previously addressed through a variety of remedial
actions including a cleanup action under Consent Decree—99-2-52532-9 (Ecology 1999). Additional
information on previous actions to address contamination in the upland area can be found in Section 2.2
of the RI/FS.

The sediment area of the GWPS is approximately 56-acres and is located waterward of the OHWM. The
sediment area incorporates most of the aquatic area of Waterway 19, all the aquatic area of Waterway 20
and the lake bottom adjacent to the Metro Lake Union (South Yard), Harbor Patrol, and Gas Works Park
(Figure 2). The State owns most of the sediment area of the GWPS (Figure 3), except for the following:

m A small parcel in the western portion of the GWPS (Metro Lake Union [South Yard]) is owned by King
County,

m Multiple, small parcels between Waterway 20 and Waterway 19 (Harbor Patrol and Gas Works Park)
are owned by the City, and

m  Asmall parcel in the eastern portion of the GWPS adjacent to Waterway 19 is owned by Gasworks Park
Marina.

1 The OHWM is at an elevation of 22 feet USACE Locks Datum.
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Gasworks Park Marina, the City, and Northlake Shipyard lease or have permits to use state-owned aquatic
land (Figure 3):

m Gasworks Park Marina: Residents at the Marina lease three small parcels at the southern end of the
marina property from WDNR (Lease Numbers 20-013648, 20-A79485, and 20-B12133).

m Harbor Patrol: Several overwater structures at Harbor Patrol are on state-owned aquatic property
subject to a use permit and lease between the City and WDNR (Aquatic Waterway Use Permit
No. 20-08991 and Lease No. 20-009624).

m Northlake Shipyard: Most of the Northlake Shipyard structures fall within four parcels owned by the
state and leased from WDNR, three that are outside of the AOI and one that is within the AOI and
waterward of the Metro South Yard (Lease No. 20-A12992). The remainder of the structures fall within
the shipyard property boundary.

The remaining areas of the GWPS requiring cleanup include a small area of uncapped contaminated
shoreline bank soil, an area of shoreline arsenic-impacted groundwater, and the sediment area. These
areas comprise the Settlement Area defined in the CD, and identified in Figure 3, which will be addressed
by the Ecology-selected cleanup described in the CAP. The PRDI field activities will take place within the
Settlement Area except for the air and soil vapor sampling discussed in Section 3.0 and some of the upland
groundwater sampling discussed in Section 4.0. In addition, as noted in Section 14, the topographic and
bathymetric surveys will extend approximately 50 feet beyond the Settlement Area boundary.

1.2. Relationship to Adjacent MTCA Cleanup Sites

Several MTCA cleanup sites are in the general vicinity of the GWPS as shown in Figure 4 and described
below.

1.2.1. Northlake Shipyard

The Northlake Shipyard is located north and west of the GWPS and has been operating since at least 1956.
The shipyard entered into an agreement with the United States Environmental Protection Agency (EPA) to
clean up the site and this agreement was later transferred to Ecology. The shipyard funded a trust allowing
the State to conduct an interim cleanup action. Ecology completed an interim action in early 2014 that
included dredging 8,300 cubic yards of sandblast grit and contaminated sediment, removing 23 tons of
scrap metal and 20 pilings, and backfilling the dredged area with clean sand. The footprint of the dredge
area is shown in Figure 4. As noted in Section 7.2 of the RI/FS, no post-dredging data outside of the dredge
footprint were collected to assess the extent, if any, of the dredging impacts to the surrounding area. The
construction completion report (Hart Crowser 2014) noted releases during dredging and that not all
sediment contamination within the shipyard was removed as part of dredging.

1.2.2. Metro North and South Yards

West and northwest of the upland portion of the GWPS is the former Chevron Bulk Fueling Terminal that is
comprised of two separate parcels referred to as the North and South Yards of the Metro Lake Union facility.
The South Yard parcel is owned by King County and leased to the Center for Wooden Boats. The South Yard
parcel borders the GWPS west of Waterway 20. Overwater structures associated with the historical activities
at the South Yard are located within the sediment area of the GWPS. The former North Yard consisted of a
tank farm that stored gasoline, gasoline distillates, fuel oil, refined oil, lubricating oils, and diesel oil until
1992 when Metro decommissioned the fueling equipment, including the aboveground tanks (Ecology
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2023b). Although not immediately adjacent to the GWPS, subsurface fuel distribution pipes extended from
the North Yard to the lakeshore and daylighted beneath fueling docks that are within the sediment portion
of the GWPS. Separate cleanup actions were implemented in the former North and South Yards between
1988 and 2015 to address contaminated soil and groundwater. According to the Executive Summary, Draft
Cleanup Action Plan for the Metro Lake Union facility (available on Ecology’s Metro Lake Union project
website), “subsurface product piping traversing the North and South Yards was cleaned and capped in
1992.”

In April 2023 Ecology completed a periodic review of post-cleanup site conditions and monitoring data to
ensure that human health and the environment are being protected (Ecology 2023b). The review yielded
several conclusions, including, that groundwater should be monitored regularly until cleanup levels are met
at the conditional point of compliance.

1.2.3. Former ATCO Facility

The former ATCO facility (referred to as Nortar Inc on Ecology’s project website), which manufactured roofing
products and formulated wood preservatives from 1956 to the late 1980s, was located immediately north
of Gas Works Park on North Northlake Way (Figure 4). Nortar purchased the property in the 1990s and
leased the property to several tenants (Equipoise Corporation 1999). Ecology added the site to the list of
Hazardous Sites and Confirmed and Suspected Contaminated Sites in 1997 because soil and groundwater
had been impacted by releases of petroleum hydrocarbons, pentachlorophenol, and polycyclic aromatic
hydrocarbons (PAHs). The site was remediated under Consent Decree No. 99-2-09071-3SEA between
Ecology and Triad Northlake LLC. Although the site does not border the shoreline, stormwater from the
property is discharged within the GWPS to Lake Union through a municipal outfall located in Waterway 20.

1.2.4. Waterway 20

Ecology added the Waterway 20 upland area (“Waterway 20 Upland”) to the list of Confirmed and
Suspected Contaminated Sites in 2021 based on a soil investigation completed by the City of Seattle
Department of Finance and Administrative Services (FAS) (Herrera 2016). Historical operations on the
property are not known at this time. Carcinogenic PAHs (cPAHs) were detected in soil at concentrations
greater than the MTCA Method A soil cleanup level of 0.1 mg/kg for unrestricted land use, but less than
the MTCA Method A soil cleanup level of 2.0 milligrams per kilogram (mg/kg) for industrial properties.

FAS, as licensee (WDNR Aquatic Waterway User Permit No. 20-089981), completed a soil and groundwater
investigation in 2023 with WDNR oversight (Herrera 2023). Lube oil and cPAHs were detected in soil at
concentrations greater than the MTCA Method A soil cleanup levels for unrestricted land use and for
industrial purposes. Lead was detected in soil at concentrations greater than the MTCA Method A cleanup
level for unrestricted land use, but less than the MTCA Method A soil cleanup level for industrial purposes.
No analytes were detected in groundwater at concentrations greater than the MTCA Method A groundwater
cleanup levels.

1.3. Ecology-Selected GWPS Cleanup Action Summary

The Ecology-selected GWPS cleanup action is described in detail in the CAP and summarized in Figure 5.
The cleanup action includes the following elements:
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m Treat dissolved arsenic in shoreline groundwater associated with thioarsenate sources to the extent
feasible, using in-situ treatment and monitor groundwater to evaluate long-term conditions (GWMA-1).

m Excavate the exposed tar mound in the northeast shoreline (Sediment Management Area-1 [SMA-1]).

m Excavate, grade, and cap (permeable vegetated) upland soil as needed to match the adjacent sediment
excavation, to cap uncapped shoreline bank soil, and to integrate respective cap surfaces (SMA-1 and
SMA-2).

m Excavate sediment to the extent feasible to reduce mass of contaminants from within the cap limits
and prevent loss of aquatic lands due to cap placement. Excavation will be accomplished in the dry
using land-based methods and a cofferdam system to separate the excavation from surrounding
surface water (SMA-3 and SMA-4).

m Dredge shallow sediment using mechanical or hydraulic methods where necessary and feasible prior
to capping to avoid shallowing water depths (SMA 5 and SMA-10).

m Install an enhanced cap (low-permeability multi-layer cap) to contain contaminated sediment and to
direct groundwater discharge away from nearshore sediment containing higher concentrations of
contaminants and non-aqueous phase liquid (NAPL) (majority of SMA-3 and SMA-4, and all of SMA-5).

m Place an enhanced cap (amended sand cap) to provide attenuation of contaminants where increased
groundwater discharge and mass flux is anticipated at the toe of the low permeability- caps and in
areas where there is shallow NAPL (SMA-7 and SMA-9).

m Place a thick sand cap (minimum of 3 feet thick, plus armor) to contain shallow NAPL and to increase
attenuation (SMA-8 and SMA-12).

m Place a conventional sand cap (2 feet thick, plus armor) to contain sediment exceeding cleanup levels
(SMA-3, SMA-4, SMA-6, SMA-10, and SMA-11).

m Place a conventional sand cap (2 feet thick, plus armor) to contain sediment exceeding cleanup levels
in limited portions of SMAs that do not require an enhanced cap (SMA-7 and SMA-9) or that do not
require a thick sand cap (portion SMA-12).

m Place a thin sand enhanced natural recovery (ENR) layer to accelerate natural recovery (SMA-13).

m Monitor sediment to assess natural recovery (SMA-14).
The GWPS cleanup action also includes:

m Disposing of excavated/dredged material off-site at a permitted disposal facility.
B Restoring shoreline habitat to existing conditions.

m Completing a pre-design investigation to collect supplemental data that will be used to refine the design
of the cleanup action.

m  Applying institutional controls.

m  Completing storm drain modifications, where necessary to prevent infiltration of contaminated soil from
the GWPS.

m Performing long-term monitoring and maintenance.
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2.0 PRDI OVERVIEW

Activities that will be completed as part of the PRDI are described in summary below and the details for
each of the PRDI activities are presented in Sections 3 through 15. Table 1 presents a summary of the
proposed sampling activities and the objectives associated with each sample type. Table 2 presents the
rationale for the selection of the analytes for each sample type. Proposed sample locations are shown in
Figures 6 through 12.

Detailed descriptions of the field and laboratory testing procedures supporting the various PRDI activities
are presented in the Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan (QAPP) provided
in Appendix A. A Health and Safety Plan (HASP) is provided in Appendix B. Detailed descriptions of
geotechnical field and laboratory testing procedures are provided in Appendix C. The Inadvertent Discovery
Plan (IDP) is presented in Appendix D.

2.1. Air and Soil Vapor Sampling

Indoor and outdoor air sampling will be completed at the previously established sampling locations in
addition to new sub-slab and outdoor air sampling locations at the Harbor Patrol Building. Four (4) indoor
air, six (6) outdoor air, and four (4) sub-slab soil vapor samples will be collected for chemical analyses using
1- or 6-liter Summa canisters at the locations shown on Figure 6. The air and vapor sampling data will be
used to confirm the risk evaluation conclusions of the Remedial Investigation/Feasibility Study (RI/FS).
Further details on the purpose and execution of proposed air and soil vapor sampling are presented in
Section 3.0.

2.2. Upland Groundwater Sampling

Upland groundwater sampling will be completed at existing and new monitoring wells to be installed
downgradient of existing shoreline wells (Figure 7A). Six soil samples will be collected from the soil borings
for the three (3) new monitoring wells, 2 from each soil boring, for chemical analyses. Forty-seven (47)2
groundwater samples will be collected for chemical analyses using low-flow sampling techniques at 40
existing and three (3) new monitoring well locations shown using blue and green symbols on Figure 7A. Six
(6) groundwater samples will be collected for chemical analyses of arsenic speciation from monitoring well
pairs MW-49D/AW-49D, MW-50D/AW-50D, MW-52D/AW-52D. Figure 7B is a typical cross-section showing
an existing monitoring well and its paired, new angled monitoring well. The upland groundwater data will
be used to: confirm and update groundwater chemical concentrations; characterize the extent of
thioarsenate impacts downgradient of the existing shoreline wells within GWMA-1 for design of the
groundwater treatment; and evaluate groundwater flow pathways for sediment cap modelling. Further
details on the proposed upland groundwater sampling are presented in Section 4.0.

2.3. Shoreline Soil Sampling (SMA-1 and SMA-2)

Shoreline soil samples will be collected from within the proposed upland excavation areas in SMA-1 and
SMA-2 to characterize the excavation materials for offsite disposal. Fifteen (15) soil samples will be

2 Monitoring wells MLS-6 and MLS-7 are multi-level sampler (MLS) wells. Three samples will be collected from each well (see Appendix A, Table A-1a
for the screen interval depths for each sample).
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collected for chemical analyses using hand augers at the locations shown on Figures 8A and 8B. Further
details on the proposed shoreline soil sampling are presented in Section 5.0.

2.4. Storm Drain Inspection

The GWPS storm drain system (underground pipes, catch basins and outfalls) includes outfalls that
discharge to the Settlement Area from the park and Harbor Patrol as well as outfalls in Waterway 19 and
Waterway 20 that capture stormwater from the upland portion of the GWPS and off-property areas. The
CAP requires the completion of storm drain modifications, where necessary, to prevent infiltration and
discharge of contaminated soil from the GWPS. As part of the PRDI, the City will inspect the storm drains at
the GWPS to evaluate if there are open gaps or cracks within the pipes that would allow subsurface soil to
enter the drain system.

2.5. Sediment and Offshore Groundwater3 Characterization (SMA-3 through SMA-5)

Subsurface sediment sampling will be completed within and at the base of the proposed dredge prism
within SMA-3, SMA-4, and SMA-5. Subsurface offshore groundwater will also be collected at the base of the
dredge prisms (Figure 9A). Forty-four (44) subsurface sediment samples will be collected for chemical
analyses using vibracore methods at the 22 locations shown on Figures 9B and 9C. Seventeen (17)
subsurface offshore groundwater samples will be collected for chemical analyses using temporary
piezometers and low-flow sampling techniques at the locations shown on Figures 9B and 9C. If offshore
groundwater samples cannot be collected from the temporary piezometers due to inadequate volume
recovery, offshore groundwater samples will be obtained by collecting sediment using vibracore methods
and extracting offshore groundwater from the sediment using centrifuge techniques. Centrifuging will be
completed by EcoAnalysts as necessary using their standard operating procedures. The sediment and
offshore groundwater data will be used to: evaluate groundwater flow pathways, refine the delineation of
NAPL in dredging areas, document conditions of sediment left in place following dredging, define the extent
of enhanced caps and cap amendment materials, establish a baseline for cap modeling, characterize
planned dredged material for offsite disposal, and support the coastal engineering evaluation.

Further details on the proposed sediment and offshore groundwater sampling in SMAs 3 through 5 are
presented in Section 7.0.

2.6. Sediment and Offshore Groundwater Characterization (SMAs 6 through SMA 12)

Near surface sediment (O to 1 feet below mudline [bml]) and offshore groundwater sampling (0.5 to 1.5 feet
bml) and near surface NAPL field screening (O to 1-foot bml) will be completed within SMA-6 through SMA-
12 at the locations shown on Figures 9B, 9C, and 9D. Forty-two (42) near surface sediment samples will
be collected for chemical analyses and for visual screening of dense non-aqueous phase liquid (DNAPL)
using power-grab methods (piston sampler or vibracore methods will be used if the power grab methods
are not successful). Nineteen (19) near surface offshore groundwater samples will be collected for chemical
analyses using temporary piezometers and low-flow sampling techniques. If the temporary piezometers are
not successful, offshore groundwater samples will be obtained by collecting sediment as described above
and extracting offshore groundwater from the sediment using centrifuge techniques. Twenty-four (24) near

3 Offshore groundwater is defined as groundwater waterward of the OHWM and extending to the base of the biologically active zone (top
10 centimeters [cm] of sediment). In accordance with Ecology guidance, water within the biologically active zone is porewater.
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surface sediment samples will be collected for visual screening of DNAPL only (no chemical analyses) using
power-grab methods. The near surface sediment, offshore groundwater, and DNAPL visual screening
samples will be used to: evaluate groundwater flow pathways, evaluate the absence or presence of NAPL
in near surface sediment, document conditions of sediment that will be capped, define the extent of
enhanced caps and cap amendment materials, define the extent of thick sand caps, establish a baseline
for cap modeling, and support coastal engineering evaluation.

Nine of the near surface offshore groundwater samples will be used for evaluation of background arsenic
concentrations. These nine offshore groundwater samples will be collected at locations where surface
sediment arsenic concentrations are representative of the preliminary regional background concentration
of 24 mg/kg. Figure 10 shows the location of these nine near surface offshore groundwater samples and
the sediment area where arsenic surface sediment concentrations (from samples collected between 1999
and 2005) are equal to or less than 24 mg/kg (see white or blue areas). The offshore groundwater arsenic
data will be used to develop a site-specific natural background concentration.

Further details on the proposed sediment and offshore groundwater sampling in SMAs 6 through 12 are
presented in Section 8.0.

2.7. Natural Recovery Evaluation (SMAs 13 and 14)

The natural recovery evaluation includes collecting surface sediment samples, sediment cores and
comparison of the PRDI bathymetric survey to previous surveys completed at the GWPS. Forty-five (45)
surface sediment samples (0 to 10 centimeters [cm] bml) will be collected for chemical analyses using
power-grab methods at locations shown on Figure 9E for comparison to previous sampling results to
evaluate the rate of chemical reduction over-time (piston sampler methods will be used if the power grab
methods are not successful). Nine (9) sediment cores will be completed using vibracore methods at
locations shown on Figure 11 to confirm sedimentation rate using depth to “gray marker bed.” The surface
sediment sampling data, in addition to comparison of the bathymetric surveys and the sedimentation rate
will be used to confirm the natural recovery conclusions in the RI/FS. Further details on the natural recovery
sampling and evaluation are presented in Section 9.0.

2.8. Geotechnical Characterization (SMAs 3 through 14)

Subsurface sediment explorations, cone penetration tests (CPTs), and field vane sheer tests will be
completed to characterize the geotechnical parameters at the site. A total of thirty-five explorations (35)
consisting of a combination of 13 borings and 22 CPTs will be completed at 22 locations shown on Figure
12. The borings will be completed using mud rotary methods. Sediment and soil samples will be collected
using a combination of standard penetration tests, Piston samplers, and Shelby tube samplers. Cone
penetration tests will be completed using either truck-mounted or track-mounted rigs. In addition, field vane
shear tests will be performed within soft sediment and lakebed deposit materials.

Representative soil and sediment samples will be selected and tested in the laboratory to obtain typical
soil properties, e.g., density and plasticity, shear strength, consolidation/compression properties, and
dynamic soil strength and stiffness properties. A project-specific laboratory testing program has been
developed for the soft sediments to characterize their time rate and magnitude of sedimentation or settling
under the proposed capping material thickness, and their bearing capacity to support the weight of the
capping material during and post-construction.
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Optionally, an in-water geophysical survey will be completed along multiple lines to characterize both the
nearshore and offshore sediment conditions. The decision to complete the geophysical survey will be based
on review and evaluation of the initial geotechnical data collected as part of the PRDI. The criteria that will
be used to support the decision are described in Section 10.1. The proposed in-water geophysical survey
may include two methods: electrical resistivity (ER) tomography and linear microtremor (LM), that
complement each other to collect subsurface geophysical property measurements via remote sensing
techniques. Two-dimensional (2D) shear-wave velocity (Vs) profiles can be developed from the in-water
geophysical survey, which can be used to distinguish different geological unit boundaries and be used as
direct measures of soil stiffness. For situations such as when the slope stability factors of safety of the
permanent slope configuration under seismic loading fail to meet the design criteria and slope deformation
analysis is warranted, completing the geophysical survey will become critical to obtain direct measures of
the soil stiffness.

The geotechnical characterization data will be used to: refine the characterization of sediment material
types; evaluate construction techniques for capping and dredging, including protection of existing
structures; evaluate slope stability for dredge cuts and sediment caps; and evaluate seismic stability of
sediment caps. Further details on the proposed geotechnical characterization are presented in
Section 10.0.

2.9. Inventory and Assessment of Existing Structures

A conditions assessment will be completed within the settlement area (Figure 5) to record the existing
structures that are located near and within the cleanup footprint and will include a review of existing as
built and design drawings, as available. The inventory and assessment of existing structures data will be
used to evaluate construction and protection techniques for capping and dredging in the vicinity of existing
structures. Further details on the proposed inventory and assessment of existing structures are presented
in Section 12.0.

2.10. Coastal Engineering Evaluation

The coastal engineering evaluation will include an analysis of coastal and morphologic processes including
scour potential on the proposed cap surfaces and development of concept-level recommendations for
stable material sizing for the nearshore sediment cap. Further details on the proposed coastal engineering
evaluation are presented in Section 13.0.

2.11. Topographic and Bathymetric Surveys

Topographic and bathymetric surveys will be completed within and will extend up to 50 feet beyond the
settlement area (Figure 5). The topographic and bathymetric survey data will be used to: establish the pre-
construction condition for design and volumetric calculations; provide comparative data for the evaluation
of natural recovery; provide surface elevations for the coastal engineering evaluation and define elevations
for the shoreline habitat survey. Further details on the proposed topographic and bathymetric surveys are
presented in Section 14.0.

2.12. Nearshore Habitat Survey

A shoreline habitat survey will be completed within the settlement area (Figure 5) by reviewing existing data
and completing a field reconnaissance. The habitat survey would cover the lake bottom, lake slope,
lakeshore, and riparian habitat areas. The nearshore habitat survey data will be used to document shoreline
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and shallow lake habitat conditions and to provide a basis to evaluate the potential habitat impacts of the
cleanup action. Further details on the proposed nearshore habitat survey are presented in Section 15.0.

3.0 AIR AND SOIL VAPOR SAMPLING

Air and soil vapor sampling are needed to provide updated data that will be used to confirm the conclusions
of the RI/FS. Indoor and outdoor air samples were previously collected during three rounds of sampling in
2007 and 2008 to characterize the air quality at several locations and during multiple seasons. Indoor air
samples were collected in the Harbor Patrol building and the Play Barn Basement; outdoor air samples
were collected at the Prow, the Cracking Tower, and along the East Shoreline (Figure 6). The results from
the 2007 and 2008 air sampling were evaluated as part of the GWPS RI/FS (see RI/FS Appendix 4D). The
indoor and outdoor air risk evaluation concluded that the air concentrations detected “are unlikely to pose
an unacceptable risk to park users, Harbor Patrol workers, and park workers that access the Play Barn
basement.”

New indoor and outdoor air samples will be collected at the same locations sampled in 2007/2008, except
for the Play Barn Basement, due to the age of the existing data to obtain data representative of current
conditions. Additionally, new sub-slab soil vapor and building-specific outdoor air samples will be collected
at the Harbor Patrol building. The City considers the Play Barn Basement a confined space and park workers
are not allowed access to the basement without Hazardous Materials and Confined Space Training.
Because there is no potential exposure, an indoor air sample will not be collected in the Play Barn
Basement.

The results from the PRDI air and soil vapor samples will be used to confirm the air risk evaluation
presented in RI/FS Appendix 4D by comparing the resulting data to the screening levels discussed below.

3.1. Indoor and Outdoor Air and Soil Vapor Sampling and Analysis

The Harbor Patrol facility includes two buildings. For this Work Plan, these buildings are referred to as the
Main Office and the Warehouse Buildings. In 2007/2008, the air quality in the Main Office Building was
evaluated using indoor air samples collected from within the building. Ecology’s vapor intrusion guidance
recommends collecting sub-slab soil vapor samples and building-specific outdoor air samples to help
evaluate the source of any contaminants detected indoors (Ecology 2022). Sub-slab soil vapor samples
and building-specific outdoor air samples were not collected in 2007,/2008.

To confirm the previous sampling results and to acquire data recommended by Ecology’s 2022 vapor
intrusion guidance, indoor air, outdoor air, and sub-slab soil vapor samples will be collected in or around
the Main Office Building and the Warehouse Building at the following locations and as shown on Figure 6:

m Indoor Air Samples will be collected at four locations, two in each building. Main Office Building indoor
air samples will be positioned in the common use areas of the building (i.e., the classroom and the
women’s locker room). Samples in the Warehouse Building will be collected from locations in the
middle of the south side of the building and office space on the north side of the building.

m Outdoor air samples will be collected near the air intake for the HVAC units that directs indoor air into
the Main Office Building and in the upwind direction of the Warehouse Building. The outdoor air sample
location upwind of the Warehouse Building (HA-OA-2) will be determined on the day of sampling based
on the prevailing wind direction.
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B Sub-Slab Soil Vapor Samples will be collected at four uncarpeted locations, two in each building. The
sub-slab soil vapor samples will each be co-located with an indoor air sample. Main Office Building sub-
slab soil vapor samples will target the evidence storage room (adjacent to the classroom) and the
women’s locker room. Sample locations in the Warehouse Building will be in the middle of the south
side of the building and office space on the north side of the building.

Consistent with Ecology’s vapor intrusion guidance, the indoor air concentrations will be adjusted by
subtracting building-specific outdoor air concentrations from indoor air concentrations. Adjusted indoor air
and sub-slab soil vapor results will be compared to MTCA commercial worker screening levels (Ecology
2023c).

A building survey will be completed prior to sampling. The purpose of the survey is to obtain data that will
allow a qualitative assessment of factors that potentially could influence air quality. The physical survey
includes collecting data on aspects of the building configuration such as building layout, utility entrances
into the building, HVAC system design (if present), foundation conditions, building material types (e.g.,
recent carpeting/linoleum and/or painting), and other building configuration aspects that could influence
sample data. The building survey also includes collecting data related to products used in the building and
indoor storage of chemicals, paints, petroleum hydrocarbon products, or other potential sources of volatile
contaminants. The results of the building survey will be used to adjust sampling locations as necessary.
The building survey will be documented by completing the Building Survey Form in Appendix A.

Indoor and building-specific outdoor air samples will be collected over an 8-hour period using evacuated
6-liter Summa canisters. The sample intakes will be situated approximately 3 to 5 feet aboveground to
collect samples representative of the breathing zone for building occupants. Sub-slab soil vapor samples
will be collected using Vapor Pin™ sampling devices using evacuated 1-liter Summa canisters.

Air and soil vapor samples will be submitted to Friedman and Bruya, Inc. in Seattle, Washington (an Ecology-
accredited laboratory) for chemical analysis of benzene, toluene, ethylbenzene, and total xylenes (BTEX),
naphthalene, and petroleum hydrocarbons (C5-C8 aliphatics, C9-C12 aliphatics and C9-C10 aromatics).
Soil vapor samples will also be analyzed for chemical analysis of helium#4.

Details on the sampling and analysis procedures for air and soil vapor are presented in the SAP/QAPP
provided in Appendix A.

3.2. Gas Works Park - Outdoor Air Sampling and Analysis

Three outdoor air samples (Prow, Cracking Tower, and East Shoreline) will be collected within Gas Works
Park at the same locations that were sampled in 2007/2008 (Figure 6). An additional outdoor air sample
(Parking Lot; PL-OA-1) will be collected in the parking lot at the north side of Gas Works Park. The location
of sample PL-OA-1 may be adjusted to account for wind direction on the day of sampling. Outdoor air sample
results will be compared to site-specific park user air screening levels developed in the GWPS RI/FS.

4 Following Ecology’s vapor intrusion guidance, helium is used to make sure the Vapor Pin sampling devices are adequately sealed. During
sampling, a shroud filled with helium is placed around the entire sub-slab soil vapor sample train. Helium detected in the soil vapor samples
indicates that indoor air may have entered the sample (See Appendix A, Attachment A-2 for more details).
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Outdoor air samples will be collected over an 8-hour period using evacuated 6-liter Summa canisters. The
sample intakes will be situated approximately 3 to 5 feet aboveground to collect samples representative of
the breathing zone for park users.

Air and soil vapor samples will be submitted to Friedman and Bruya, Inc. in Seattle, Washington (an Ecology-
accredited laboratory) for chemical analysis of BTEX, naphthalene, and petroleum hydrocarbons (C5-C8
aliphatics, C9-C12 aliphatics and C9-C10 aromatics).

Sampling and analysis procedures for air and soil vapor are presented in greater detail in the SAP/QAPP
provided in Appendix A.

4.0 UPLAND GROUNDWATER SAMPLING

Upland groundwater sampling will include two tasks. The first is an inspection of the monitoring well
network and well gauging. The inspection and gauging task will include all the monitoring wells shown on
Figure 7A (wells shown with blue, green, and magenta symbols). The second task is the collection of
groundwater samples from the monitoring wells shown on Figure 7A with blue (existing wells) and green
(proposed angled monitoring wells) symbols.

Upland groundwater samples will be collected from monitoring wells that are located along the shoreline
of Gas Works Park and the adjacent Harbor Patrol facility (Figures 7A) to update contaminant
concentrations in groundwater at the GWPS and provide upland groundwater data near the shoreline of
Lake Union to compare with offshore groundwater data collected along the groundwater flow path to
evaluate the fate and transport of groundwater contaminants. Groundwater sampling will be conducted in
the area within and downgradient of the Play Area, where an arsenic groundwater treatment interim action
was conducted between 2017 and 2020, to evaluate current conditions that will inform the design of
additional arsenic treatment in groundwater during the cleanup action. Outside of the Play Area, the
shoreline groundwater wells were last sampled in October 2013. Within the Play Area, the groundwater
wells were last sampled in December 2020.

The new groundwater data will be used to update the conceptual site model for the upland groundwater to
surface water/sediment pathway. Updated shoreline groundwater conditions will be used as a baseline for
the evaluation of the groundwater flow pathways, which will inform the design of the sediment caps.
To evaluate the groundwater flow pathways, shoreline groundwater concentrations will be evaluated
in conjunction with downgradient sediment and offshore groundwater concentrations (discussed in
Section 7.0) to evaluate the effect of the upland groundwater on sediments and the effect of sediments on
offshore groundwater and surface water at the conditional point of compliance.

The new groundwater data, including data from new shoreline monitoring wells, will also be used for the
design of dissolved arsenic treatment near the Play Area that is included in the cleanup action.

Upland groundwater data will be compared to groundwater cleanup levels from the CAP.

4.1. New Angled Monitoring Wells

Additional groundwater monitoring wells are needed along the shoreline downgradient of existing shoreline
wells MW-49D, MW-50D, and MW-52D to evaluate dissolved arsenic concentrations in outwash unit
groundwater as far as possible downgradient of the existing wells. The new angled monitoring wells
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(AW-49D, AW-50D, and AW-52D) will be paired with existing wells (MW-49D, MW-50D, and MW-52D). To
complete the new angled monitoring wells with screened sections downgradient of their respective paired
existing shoreline wells, the wells will be constructed with angled borings that allow the surface completion
of each well to be in the upland and the screened section to be located as far offshore as possible.

The new angled monitoring wells will be used to:

m Characterize arsenic concentrations in outwash groundwater downgradient of the three existing
shoreline outwash unit wells with the highest arsenic concentrations.

m Evaluate the fate and transport of arsenic in the outwash unit.

New angled monitoring wells AW-49D, AW-50D, and AW-52D will be installed adjacent to existing monitoring
wells MW-49D, MW-50D, and MW-52D, respectively as shown on Figure 7a. The 5- or 10-foot well screens
in the angled wells will be at approximately the same elevation as the well screens in the respective paired
shoreline outwash unit monitoring wells, but downgradient of the existing wells, as far away from the OHWM
under Lake Union as possible. Figure 7B is a typical cross-section showing an existing well and its paired,
new angled well.

The soil borings for the new angled monitoring wells will be completed using sonic drilling equipment. Soil
borings will be logged, sampled, and field screened in accordance with Appendix A - SAP/QAPP. Soil data
are needed from the three soil borings to evaluate the groundwater flow pathways. Two soil samples will
be collected from each soil boring. One sample will be collected within the outwash unit at the same
approximate elevations where each well will be screened. The second sample will be collected within the
fill unit at a depth approximately five feet above the outwash unit. Soil samples will be submitted to ARI for
chemical analysis of PAHs and arsenic.

The new angled wells will be installed to depths and screen intervals identified in Appendix A. Following
completion of well installation and development for the three new wells, groundwater samples will be
obtained from the three new angled monitoring wells as part of the shoreline well groundwater sampling
events described below (Section 4.2).

4.2. Groundwater Sampling and Analysis

Two groundwater sampling events will be completed as part of the PRDI to provide an assessment of
current conditions, and to evaluate spatial and temporal contaminant concentration trends. Groundwater
sampling as part of the 2013 Supplemental Site Investigation was conducted in April and October 2013
(RI/FS Appendix 2A). Therefore, for data compatibility purposes, PRDI groundwater sampling will be
conducted in April and October 2024.

Since many of the existing wells at the GWPS have not been sampled for up to 10 years, the existing
shoreline and select Play Area wells shown on Figure 7A with blue symbols will be re-developed to remove
solids that may have accumulated in monitoring wells. Both the existing and new monitoring wells will be
developed prior to the first groundwater monitoring event in accordance with procedures described in
Appendix A.
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Prior to collecting groundwater samples, the GWPS monitoring well network, which includes all the
monitoring wells shown on Figure 7A, will be inspected and gauged 5. Well gauging will consist of obtaining
water level and total depth measurements, evaluating the presence of NAPL in wells where NAPL has
previously been noted and measuring the thickness of NAPL if encountered. The NAPL measurements will
be used to adjust the water levels in the wells where NAPL is present.

After completing groundwater level measurements, forty-seven (47) ¢ groundwater samples will be
collected from the 40 existing and three new monitoring well monitoring wells (shown as blue and green
symbols on Figure 7A) using standard low-flow sampling methods following purging. Field parameters will
be measured during sample collection that include dissolved oxygen; oxidation/reduction potential (ORP);
specific conductance; turbidity; temperature; and pH.

Additional groundwater samples will be collected from the three Play Area shoreline well pairs (each pair
consists of an existing well and a new, angled well): MW-49D/AW-49D, MW-50D/AW-50D, and
MW-52D/AW-52D for arsenic speciation analysis to evaluate the dominant forms of arsenic in groundwater
near the Play Area, including determining if a significant fraction of dissolved arsenic remains as
thioarsenate, the original form of arsenic released from the Thylox process. These samples will be collected
using the anoxic field sample technique presented in Appendix A, Attachment 1.

The groundwater samples will be collected using standard low-flow sampling methods. Groundwater
samples will be submitted to Analytical Resources (ARI) of Tukwila, Washington (an Ecology-accredited
laboratory) for chemical analysis including benzene, ethylbenzene, toluene, naphthalene, cPAHs, and
arsenic. The groundwater samples collected for arsenic speciation will be submitted to Brooks Applied Labs
in Bothell, Washington (an Ecology-accredited laboratory) for chemical analysis using Method BAL-4100 for
determination of arsenic species.

Procedures for well development, well gauging, and groundwater sample collection are described in the
SAP/QAPP presented in Appendix A.

5.0 SHORELINE SOIL SAMPLING (SMA-1 AND SMA-2)

Soil data are needed at SMA-1 and SMA-2 to characterize the materials along the shoreline that will be
excavated and disposed of offsite as part of the nearshore dredging. Waste disposal characterization soil
samples will be collected from the surface to the approximate base of the planned excavation (O to 3 feet
bgs) at the 15 locations (HA-1 through HA-15 shown on Figures 8A and 8B using hand auger borings.
Foreign material including debris, rocks and grass will not be sampled. Soil samples will be submitted to
ARI for chemical analysis of the following landfill waste characterization parameters: Resource
Conservation and Recovery Act (RCRA) metals, BTEX, diesel- and oil-range petroleum hydrocarbons, and
PAHs.

5 Because of how they are constructed, gauging cannot be completed at the multi-level sampler (MLS) wells (MLS-6 and MLS-7).

6 Monitoring wells MLS-6 and MLS-7 are multi-level sampler (MLS) wells. Three samples will be collected from each well (see Appendix A, Table A-1a

for the screen interval depths for each sample).
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Two additional hand auger borings (HA-2a and HA-2b) will be completed to visually delineate the west side
of the tar mound. No samples will be collected from these two borings.

Soil sample data are also needed to document the concentrations that will remain following excavation.
However, soil samples to document the concentrations remaining following excavation will not be collected
during the PRDI and will be collected after the upland excavation construction is completed.

Procedures for shoreline soil sample collection are described in the SAP/QAPP presented in Appendix A.

6.0 STORM DRAIN INSPECTION

The GWPS storm drain system (underground pipes, catch basins and outfalls) includes outfalls that
discharge to the Settlement Area from the park and Harbor Patrol as well as outfalls in Waterway 19 and
Waterway 20 that capture stormwater from the upland portion of the GWPS and off-property areas. In
accordance with the CAP, storm drains discharging to the Settlement Area will be modified, where
necessary, to prevent infiltration and discharge of contaminated soil from the GWPS. Infiltration of
contaminated soil or groundwater could occur through gaps or breaches of the underground pipes or other
subsurface storm drain structures where the pipes are routed through contaminated GWPS soils. As part
of the PRDI, the City will inspect the storm drains at the GWPS to determine if there are open gaps or cracks
within the pipes that would allow subsurface soil to enter the drain system.

The storm drains will be inspected via video survey of the underground pipes and visual inspection of
structures directly accessible from the ground surface. Much of the GWPS storm drain system was
inspected during the RI/FS and some modifications of the system have already been made. The inspections
completed as part of the PRDI will update the previous inspections. The City performs operations and
maintenance of City storm drains as part of its storm water permit including periodic inspection of catch
basins. The results of these storm drain inspections will also be considered as appropriate.

The storm drain system associated with the Play Area was redesigned and constructed during the Play Area
renovation in 2018 to eliminate the potential for infiltration of GWPS soil. The new storm drain structures
associated with the renovation will not be inspected as part of the PRDI.

Seattle Parks and Recreation is currently building a new comfort station at the park. Development of the
new comfort station involves grading and modifications to the original drainage features in the area. Similar
to the Play Area, the new storm drain system at the comfort station is expected to eliminate the potential
for infiltration of GWPS soil and groundwater and, therefore, will not be inspected as part of the PRDI.

7.0 SEDIMENT AND OFFSHORE GROUNDWATER CHARACTERIZATION (SMA-3 THROUGH SMA-5)

Sediment and offshore groundwater data from SMA-3 through SMA-5 are needed for multiple purposes to
support the cleanup design. SMA-3 through SMA-5 represent the areas of contaminated sediment that is
located closest to the shoreline both at Gas Works Park and along the shoreline of adjacent properties. The
proposed cleanup remedy within these SMAs includes varying degrees of sediment excavation and
dredging and placement of multi-layer low-permeability sediment caps.
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Generally, the objectives of sediment and offshore groundwater sampling in SMA-3 through SMA-5 are as
follows:

m Characterize the presence or absence of NAPL in sediment within and below the planned dredge prism
along the shoreline to establish current NAPL area limits and inform the design of dredging and/or
capping design.

m Characterize sediment contaminant concentrations within the dredge prism along the shoreline to
support the evaluation of disposal methods and volume of dredged sediment for disposal.

m Characterize contaminant concentrations in sediment and offshore groundwater that is located
immediately below the dredge prism that is representative of sediment that will be exposed and
capped. Samples collected below the dredge prism will represent the conditions along the flow path of
groundwater originating from the upland. Data from these samples will be used to evaluate the
condition of groundwater being discharged at the toe of the low-permeability caps and will be used as
cap modeling input data, if needed.

m Eight of the co-located sediment and offshore groundwater samples collected from SMA-3 (PRDI-7
through PRDI-11) and SMA-4 (PRDI-15, PRDI-16, and PRDI-18) immediately below the dredge prism
will be collected at locations downgradient of upland groundwater monitoring wells that will be sampled
as described in Section 4.2. Data from the upland groundwater, offshore groundwater, and subsurface
sediment samples will be used to evaluate the fate and transport of upland groundwater contaminants,
with the goal of confirming the assumption that groundwater contaminants attenuate prior to reaching
the mudline and/or that sediment impacts are a greater source to offshore groundwater concentrations
than upland groundwater.

Table 1 presents a summary of the proposed sediment and offshore groundwater sampling activities in
SMA-3 through SMA-5 and the objectives associated with each sample type. Table 2 presents the rationale
for the selection of the analytes for each sample type.

Figure 7B shows a typical subsurface sediment and offshore groundwater location - a sediment sample will
be collected within the dredge prism and co-located sediment and offshore groundwater samples will be
collected at the base of the dredge prism.

Figure 9A is a summary of sediment and offshore groundwater sampling locations within the Settlement
Area, including those in SMAs 3 through 5. Figure 9B focuses on SMA-3, SMA-7, and SMA-10; Figure 9C
focuses on SMA-4, SMA-5, SMA-9, and SMA-12.

Within SMA-3 in the eastern portion of the Settlement Area, sediment samples will be collected at three
locations (PRDI-1 through PRDI-3_ and co-located sediment and offshore groundwater will be collected at
nine locations (PRDI-4 through PRDI-12) shown on Figure 9B. At locations PRDI-1 through PRDI-12,
sediment samples will be collected from two intervals; one sediment sample will be collected from the
interval representative of sediment planned to be dredged prior to capping (approximately 2 feet to 8 feet
bml) and one sediment sample will be collected from the sediment interval located immediately below the
base of the planned dredge prism (approximately 9 feet to 10 feet bml). The location-specific target depths
and elevations of the sediment samples are presented in Table A-1 of the SAP/QAPP included as
Appendix A.
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Offshore groundwater samples are proposed to be collected at the sample locations within the portion of
SMA-3 that will be addressed by enhanced capping methods (locations PRDI-4 through PRDI-12 on
Figure 9B). At these locations, one offshore groundwater sample will be collected from the deeper sediment
sampling interval that is located immediately below the planned dredge prism base. Five offshore
groundwater sampling locations are positioned downgradient of existing monitoring wells to further
evaluate the groundwater flow pathways. Offshore groundwater sampling locations PRDI-7, PRDI-8, PRDI-
9, and PRDI-10 are positioned downgradient of the four monitoring wells with the highest arsenic
groundwater concentrations along the shoreline (MW-52D, MW-50D, MW-36D, and MW-49D). In addition,
location PRDI-11 is positioned downgradient of monitoring wells OBS-1; the compliance monitoring point
for the AS/SVE that operated from 2001 in 2006.

Within SMA-4 in the western portion of the Settlement Area, sediment and offshore groundwater will be
collected at the four locations (PRDI-13 through PRDI-16) shown on Figure 9C. Similar to the approach used
in SMA-3, at each of the locations proposed within SMA-4, sediment samples will be collected from two
intervals, within and immediately below the planned dredge prism, at depths and elevations listed in
Table A-1 of the SAP/QAPP.

In addition to collection of sediment samples, each sample location within SMA-4 will also be sampled for
offshore groundwater at the deeper sampling interval located immediately below the planned dredge prism
base. Two offshore groundwater sampling locations are positioned downgradient of existing monitoring
wells to further evaluate the groundwater flow pathways. Location PRDI-15 is positioned downgradient of
monitoring wells MW-32S. Location PRDI-16 is positioned downgradient of monitoring well TDW-2, one of
the wells on the western shoreline with the highest benzene groundwater concentrations.

At SMA-5, along the shoreline of upland properties outside Gas Works Park (adjacent to Harbor Patrol,
Waterway 20 Upland, and Metro Lake Union (South Yard) - See Figure 4), sediment samples will be
collected at two locations (PRDI-21 and PRDI-22) and co-located sediment and offshore groundwater
samples will be collected at four locations (PRDI-17 through PRDI-20) shown on Figure 9C. At locations
PRDI-17 through PRDI-22, sediment samples will be collected from two intervals located within and
immediately below the planned dredge prism base. Due to the planned dredged depth in SMA-5 of
approximately 3 feet below the existing mudline, the sample depths in this area will be relatively shallow
compared to SMA-3 and SMA-4 and as a result, the waste characterization sample will be collected from
the existing mudline down to 3 feet bml and the deeper samples representative of the base of the dredge
prism will be collected from 3 feet to 4 feet bml.

At four of the SMA-5 sample locations shown on Figure 9C adjacent to the Harbor Patrol facility (PRDI-17
through PRDI-20), offshore groundwater will be collected from the same interval as the deeper sediment
samples, approximately 3 to 4 feet bml. Location PRDI-18 is downgradient of monitoring wells MLW-7 and
CMP-1, two of the wells on the western shoreline with the highest benzene, naphthalene, and arsenic
groundwater concentrations, to help evaluate the groundwater flow pathways.

Sediment samples within SMA-3 through SMA-5 will be collected from a sampling vessel using vibracore
methods. On retrieval, the sediment samples will be logged, and field screened for the presence of NAPL.
Following core processing, the sediment samples collected from within the dredge prism for the purpose of
waste characterization will be submitted to ARI for analysis of the following landfill waste characterization
parameters: BTEX, RCRA metals, and sediment contaminants of concern (COCs) (see Table 3). Select
sediment samples from the surface of the dredge prism also will be submitted to ARI for grain size analysis
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to characterize existing habitat conditions within the biologically active zone throughout the Settlement
Area. The deeper samples collected from the sediment interval representative of the dredge prism base
will be submitted to ARl and analyzed for benzene, ethylbenzene, toluene, PAHs, and arsenic. Select deeper
sediment samples from SMA-3 through SMA-5 (see Table A-1 of the SAP/QAPP included as Appendix A) will
be submitted to ARI for TOC and grain size analysis to help evaluate contaminant mobility.

Two of the sediment samples collected from SMA-3 (PRDI-8) and SMA-4 (PRDI-16) immediately below the
dredge prism will be submitted to ARI for analysis of Total PCBs (Aroclors) and dioxins and furans to
document the concentration of these ambient Lake Union (ALU) contaminants that will remain below the
sediment caps. Dioxins and furans are included because they have not been previously evaluated and are
likely present. They are considered an ALU contaminant because there are no known sources from the
historical industrial activities at the GWPS but there are documented sources in other parts of Lake Union.

Offshore groundwater samples within SMA-3 through SMA-5 will be collected using temporary piezometers
placed in the sediment from a sampling vessel. After placing the piezometer to the target sampling interval,
groundwater will be collected using standard low-flow groundwater sampling methods. Field parameters
will be measured and recorded during sample collection that include dissolved oxygen; ORP; specific
conductance; turbidity; temperature; and pH. If the temporary piezometers are not successful, offshore
groundwater samples will be obtained by collecting sediment as described above and extracting offshore
groundwater from the sediment using centrifuge techniques. Offshore groundwater samples will be
submitted to ARl and analyzed for benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic to evaluate
cap amendment selection and performance. Groundwater collected from the three locations offshore of
the Play Area (PRDI-8 through PRDI-10) will also be analyzed for arsenic speciation determination. The
groundwater samples collected for arsenic speciation (PRDI-8 through PRDI-10) using the anoxic field
sample technique will be submitted to Brooks Applied Labs for chemical analysis using Method BAL-4100.

Sediment and groundwater sample collection and analytical methods are described further in the
SAP/QAPP, included as Appendix A of this Work Plan.

8.0 SEDIMENT AND OFFSHORE GROUNDWATER CHARACTERIZATION (SMA-6 THROUGH SMA-12)

Sediment and offshore groundwater data from SMA-6 through SMA-12 are needed for multiple purposes
to support the cleanup design. The proposed remedy within these SMAs includes varying types of sediment
capping, including conventional sand caps, thick sand caps, and enhanced caps containing amendments
to attenuate contaminants within the caps. Within SMA-6 through SMA-12, sediment excavation or dredging
is not planned, so the focus of investigation in these areas is on the condition of surface and near surface
sediment and co-located offshore groundwater that will underly the caps.

8.1. Sampling Objectives, Locations, and Analyses

Generally, the objectives of sediment and offshore groundwater sampling in SMA-6 through SMA-12 are as
follows:

m Characterize contaminant concentrations in near surface sediment and offshore groundwater (O to
1 feet bml) located immediately offshore of the proposed low-permeability caps at SMA-3 through
SMA-5, adjacent to SMA-7 and SMA-9. SMA-7 and SMA-9 will be subject to additional groundwater
discharge at the toe of the adjacent low-permeability caps and will be addressed by installing amended
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sand caps. This data will be used to confirm the assumption in the existing cap model and/or as input
data for additional cap modeling conducted during design.

m Evaluate the presence or absence of NAPL in near surface sediment (O to 1 feet bml) at the edges of
the current NAPL areas and corresponding proposed thick sand caps or amended cap types to confirm
the extent of the proposed sand and amended sand caps.

m Characterize contaminant concentrations in near surface sediment (O to 1 feet bml) in SMA-6 and
SMA-11 to confirm assumptions regarding sediment contaminant concentrations made during the
RI/FS and determine if adjacent areas of enhanced capping need to expand to include portions of
SMA-6 or SMA-11.

m Characterize contaminant concentrations in surface sediment (0 to 10 cm bml) adjacent to the SMA-13
and SMA-14 boundaries to help estimate surface sediment concentrations near the boundary of the
natural recovery area (SMA-13 and SMA-14). The natural recovery evaluation is discussed in
Section 9.0.

m Use sediment and offshore groundwater data to evaluate the fate and transport of upland groundwater
COCs and arsenic along the groundwater flow pathways in conjunction with the upland groundwater
sampling discussed in Section 4.2 and offshore groundwater sampling discussed in Section 7.0.
Sediment and offshore groundwater data, particularly in SMA-7 and SMA-9 where enhanced capping
methods are proposed, will also be used to confirm the assumptions in the existing cap model and/or
as input data for additional cap modeling conducted during design.

m Determine a site-specific arsenic offshore groundwater natural background concentration.

Table 1 presents a summary of the proposed sediment and offshore groundwater sampling activities in
SMA-3 through SMA-5 and the objectives associated with each sample type. Table 2 presents the rationale
for the selection of the analytes for each sample type.

Figure 7B shows typical near surface sediment and offshore groundwater locations - co-located sediment
and offshore groundwater samples will be collected below the mudline.

Figure 9A is a summary of sediment and offshore groundwater sampling locations within the Settlement
Area, including those in SMAs 6 through 12. Figure 9B focuses on SMA-3, SMA-7, and SMA-10; Figure 9C
focuses on SMA-4, SMA-5, SMA-9, and SMA-12; and Figure 9D focuses on SMA-6, SMA-8, and SMA-11.

At SMA-6, eight sample locations are proposed across the SMA (PRDI-42 through PRDI-46 and PRDI-107
through PRDI-109), to characterize sediment and offshore groundwater conditions near the shoreline, as
shown on Figure 9D. The eight locations will include sampling the near surface sediment. Seven of the eight
locations will also include sampling offshore groundwater.

Within SMA-7 in the eastern portion of the Settlement Area, sediment and offshore groundwater will be
collected at 28 locations, as shown on Figure 9B. Eight of the proposed locations will be sampled for near
surface sediment and offshore groundwater (PRDI-26, PRDI-27, PRDI-30, PRDI-31, PRDI-32, PRDI-33,
PRDI-36, PRDI-37), seven of the proposed locations will be sampled for near surface sediment (PRDI-25.
PRDI-28, PRDI-29, PRDI-34, PRDI-35, PRDI-38, and PRDI-39), 10 of the proposed locations will be sampled
for near surface sediment NAPL field screening (DP-1 through DP-10), and three of the proposed locations
at the outer edge of SMA-7 will be sampled for surface sediment (PRDI-63 through PRDI-65) to help
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estimate surface sediment concentrations near the boundary of the natural recovery area (SMA-13 and
SMA-14).

Within SMA-8, two near surface sediment sample locations (DP-12 and DP-14) will be established to
confirm the absence or presence of NAPL in near surface sediment. At these two locations no laboratory
analyses will be completed. The results will be based on screening the sample material in the field.

Within SMA-9 in the western portion of the Settlement Area, sediment and offshore groundwater will be
collected at 15 locations (PRDI-47 through PRDI-61), as shown on Figure 9C. The sampling within SMA-9
includes eight locations for near surface sediment and offshore groundwater sampling and an additional
seven locations for near surface sediment sampling only.

At SMA-10, located within the footprint of the Gas Works Marina, three sample locations will be completed
as shown on Figure 9B. Two locations adjacent to SMA-3 (PRDI-23 and PRDI-24) will consist of sampling
only near surface sediment. One location that is positioned farther offshore near SMA-7 (PRDI-62) will
consist of sampling surface sediment to support the confirmation of natural recovery evaluation discussed
in Section 9.0.

At SMA-11, in the central portion of the Settlement Area, sediment and offshore groundwater will be
collected at 11 locations as shown on Figure 9D. Sampling in SMA-11 includes two locations along the
shoreline (PRDI-41 and PRDI-110) for near surface sediment and offshore groundwater sampling, one
location adjacent to SMA-7 (PRDI-40) for near surface sediment, two locations adjacent to SMA-8 (DP-11
and DP-13) for near surface sediment field screening for NAPL, and six locations in the deeper areas of
SMA-11 (PRDI-66 through PRDI-71) for surface sediment to support the confirmation of natural recovery
evaluation discussed in Section 9.0.

At SMA-12, in the western portion of the of the Settlement Area, sediment samples will be collected at
15 locations, as shown on Figure 9C. This includes 10 locations for near surface sediment field screening
for NAPL (DP-15 through DP-24), one location for near surface sediment sampling (PRDI-72), and five
locations toward the outer limits of SMA-12 (PRDI-72 through PRDI-76) for surface sediment sampling and
analysis to support the confirmation of natural recovery evaluation discussed in Section 9.0.

Sediment samples within SMA-6 through SMA-12 will be collected from a water-based vessel using power
grab methods (piston sampler or vibracore methods will be used if the power grab methods are not
successful). The sediment samples will be logged in the field, and field screened for the presence or
absence of NAPL. Except for locations designated solely for NAPL field screening, near surface sediment
samples will be submitted to ARI for analysis of benzene, ethylbenzene, toluene, PAHs, and arsenic. Surface
sediment samples collected in SMA-7, SMA-10, SMA-11, and SMA-12 will be submitted to ARI for analysis
of the bioaccumulation COCs (cPAHs, hexachlorobenzene, pentachlorophenol, Total PCBs (Aroclors),
arsenic, chromium, and methylmercury). Select sediment samples from SMA-7 and SMA-9 (see Table A-1
of the SAP/QAPP included as Appendix A) will be submitted to ARI for TOC and grain size analysis to help
evaluate contaminant mobility. Select sediment samples from SMA-6 through SMA-12 will be submitted to
ARI for grain size analysis to characterize existing habitat conditions within the biologically active zone
throughout the Settlement Area.

One sediment sample collected from SMA-9 (PRDI-56) will be submitted to ARI for analysis of Total PCBs
(Aroclors) and dioxins and furans and three sediment samples from SMA-10 (PRDI-62), SMA-11 (PRDI-40),
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and SMA-12 (PRDI-72) will be submitted to ARI for analysis of dioxins and furans. The purpose of these
samples is to document the concentration of these ALU contaminants that will remain below the sediment
caps.

Offshore groundwater samples that are collected from within SMA-6 through SMA-11 will be collected using
temporary piezometers placed in the sediment surface through the water column from a sampling vessel.
After placing the piezometer, groundwater will be collected using standard low-flow groundwater sampling
methods. Field parameters will be measured during sample collection that include dissolved oxygen; ORP;
specific conductance; turbidity; temperature; and pH. If the temporary piezometers are not successful for
collecting offshore groundwater samples, the offshore groundwater samples will be obtained by collecting
sediment as described above and extracting offshore groundwater from the sediment using centrifuge
techniques. Offshore groundwater will be submitted to ARI for analysis of benzene, ethylbenzene, toluene,
PAHs, and dissolved arsenic to evaluate cap amendment selection and performance. Offshore groundwater
from the locations in SMA-6 through SMA-11 will also be analyzed for the remaining offshore groundwater
COCs (see Table 3).

Sediment and offshore groundwater sample collection and analytical methods are described further in the
SAP/QAPP, included as Appendix A of this Work Plan.

8.2. Arsenic Offshore Groundwater Natural Background Concentration

Offshore groundwater sampling and analysis for arsenic is needed to evaluate natural background
concentrations. The RI/FS identified that the arsenic groundwater CUL of 8 micrograms per liter (ug/L) may
not be achievable due to the high arsenic surface sediment and offshore groundwater concentrations
present throughout Lake Union. As discussed in the Section 9.3.2 of RI/FS, the estimated offshore
groundwater arsenic concentration is 32 ug/L?. Therefore, because the estimated offshore groundwater
concentration is greater than the arsenic groundwater cleanup level, a site-specific arsenic natural
background groundwater concentration will be developed using data from the samples described below.

Nine near surface offshore groundwater samples from SMA-6 and SMA-11 (PRDI-41, PRDI-43 through
PRDI-46, and PRDI-107 through PRDI-110) will be collected and analyzed. The arsenic concentrations from
the samples will be used to derive a site-specific arsenic natural background groundwater concentration.

Consistent with the RI/FS procedure used to calculate the preliminary regional background arsenic
sediment concentration of 24 mg/kg (see RI/FS Appendix 4A), EPA’s ProUCL statistical software (Version
5.2) will be used to calculate the 90/90 upper tolerance limit from the new sampling and analysis data for
use as the site-specific arsenic natural background offshore groundwater concentration.

The arsenic natural background offshore groundwater sample locations are within the groundwater
discharge zone/groundwater compliance area and in areas where surface sediment arsenic concentrations
are similar to the preliminary regional background arsenic concentration of 24 mg/kg (see Figure 10).

7 The estimated offshore groundwater arsenic concentration was calculated using the ambient Lake Union arsenic surface sediment concentration
of 53 mg/kg and the site-specific arsenic Kd.
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9.0 NATURAL RECOVERY CONFIRMATION EVALUATION (SMA-13 AND SMA-14)

Surface and subsurface sediment sampling is needed to confirm the conclusions of the natural recovery
evaluation in the RI/FS. In addition to sediment sampling, evaluation of the bathymetric changes over time
will be used to evaluate natural recovery. The RI/FS restoration timeframe evaluation showed that within
SMA-13 and SMA-14 the GWPS COCs would achieve cleanup standards at the time of construction and ALU
COCs would achieve screening levels within a reasonable restoration time frame. GWPS and ALU COCs are
identified in Table 3. The RI/FS restoration timeframe evaluation was based on an evaluation of existing
data from sediment samples that were collected between 1999 and 2005 and focused on SMA-13 and
SMA-14, where ENR and monitored natural recovery (MNR) are the selected cleanup actions, respectively.

The RI/FS restoration timeframe evaluation was completed for benthic COCs in SMA-13 and
bioaccumulative contact COCs in SMA-13 and SMA-14 (see RI/FS Appendix 13A). Benthic and
bioaccumulative COCs are identified in Table 3.

The benthic restoration timeframe evaluation focused on the maximum detected surface sediment
concentrations in SMA-13, adjusted to account for the placement of a 6-inch ENR clean sand layer. The
ENR-adjusted maximum detected surface sediment concentrations from 2004/2005 were used to
represent post-construction conditions and were compared to benthic GWPS COC cleanup levels and ALU
COC screening levels.

The bioaccumulative restoration timeframe evaluation used surface-area-weighted average concentrations
(SWACs) from individual SMAs to calculate SWACs for the in-water portion of the Settlement Area (SMAs 3
through 14) for comparison to the cleanup standards. The SWAC calculation considers the outcomes of
each of the remedial technologies that will be applied (capping, ENR, and MNR). The SWACs were then
compared to GWPS COC cleanup levels and ALU COC screening levels. The SWACs for the capped SMAs
were set at the concentrations of the individual COCs representative of clean sand materials that would be
used for the cleanup. The SWACs for SMA-13 and SMA-14 were calculated using surface sediment data
from samples collected within these SMAs in 2004/2005. Like the benthic evaluation above, the SWACs
for SMA-13 were adjusted to account for the placement of a six-inch ENR clean sand layer. For all COCs
except cPAHs, the 2004/2005 sediment data were used to represent post-construction conditions in 2029.
For cPAHSs, initial SWACs for SMA-13 and SMA-14 were calculated using the 2004/2005 data, then the
RI/FS natural recovery model (see RI/FS Appendix 11C) was used to estimate the 2029 post-construction
cPAH conditions. The natural recovery model relied on several assumptions including the annual rate of
chemical concentration reduction based on a comparison of five SWACs for the in-water portion of the
Settlement Area calculated using cPAH surface sediment data collected in 1984/1985, 1995, 1999, 2002,
and 2004/2005 and the sediment deposition rate as determined from evaluation of existing core sample
logs. These two assumptions will be confirmed using data collected as part of the PRDI and are discussed
in the following sections.

Additional data will be collected to confirm the conclusions of the RI/FS restoration timeframe evaluation,
including:

m Collection and analysis of surface sediment samples to evaluate the rate of chemical concentration
reduction by comparing COC concentrations to results from previous sampling events (discussed in
Section 9.1). For benthic COCs, the comparison will use data from surface sediment samples collected
at or near previous sampling locations in SMA-13. For bioaccumulative COCs, the comparison will use
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data from surface sediment samples collected in SMAs 7 and 10 through 14 to calculate SWACs in
SMA-13 and SMA-14. The surface sediment samples in SMAs 7 and 10 through 12 will be collected
near the boundaries of SMAs 13 and 14. The purpose of the samples in SMAs 7 and 10 through 12 is
to inform the boundaries of SMAs 13 and 14 and to provide a better GIS interpolation of surface
sediment results within SMAs 13 and 14.

m Collection and analysis of sediment cores to confirm the sedimentation rate based on the depth from
the mudline to the “gray marker bed” (discussed further in Section 9.2). A gray marker bed was created
during the initial flush of sediment from Lake Washington to Lake Union following completion of the
Montlake Cut in 1916. The gray marker bed demarcates native sediment and early industrial impacts
(below the marker bed) from later industrial impacts (above the marker bed). The depth from the
mudline to the gray marker bed indicates how much sedimentation has occurred since 1916.

m Completion of a bathymetric survey, which will be compared to previous bathymetric surveys to
determine changes in bottom elevations over time (discussed in Section 9.3). Details for the
bathymetric survey to be completed as part of this PRDI are provided in Section 14.

Following completion of the PRDI, the surface sediment restoration timeframe will be reevaluated using the
same approach that was used in the RI/FS.

Figure 9A is a summary of sediment and offshore groundwater sampling locations within the Settlement
Area, including those in SMAs 13 and 14. Figure 9E focuses on SMA-7, SMA-10, and SMAs 11 through 14.

9.1. Surface Sediment Sampling and Analysis

Surface sediment samples (0 to 10 cm bml) will be collected at 45 locations for chemical analyses using
power-grab methods at locations shown on Figure 9E (piston sampler methods will be used if the power
grab methods are not successful). The primary focus of the surface sediment sampling is to characterize
surface sediment in SMAs 13 and 14 (PRDI-77 through PRDI-106). However, surface sediment samples
will also be collected in adjacent SMAs 7, 11, and 12 (PRDI-62 through PRDI-76) to provide additional
spatial coverage to support the calculation of SWACs in SMAs 13 and 14.

The surface sediment sample locations in SMAs 13 and 14 were generally spread out evenly across each
SMAs. However, five locations in SMA 13 are positioned at previously established sample locations where
benthic COCs were detected at concentrations greater than benthic criteria (see Figure 9E). Because
benthic COCs are evaluated for compliance based on a point-by-point basis, these locations were selected
to see the changes in COC concentrations between 2005 and 2024.

Surface sediment will be submitted to ARI for chemical analysis. The surface sediment samples collected
from SMA-13 will be analyzed for benthic8 and bioaccumulation COCs®. The surface sediment samples
from SMA-7, SMA-10, SMA-11, SMA-12, and SMA-13 will be analyzed for bioaccumulation COCs. All the
surface sediment samples will be analyzed for GWPS COCs and select sediment samples will also be

8 Benthic COCs = sulfide, Total PAH, diesel-range hydrocarbons, 4-methylphenol, benzoic acid, bis(2-ethylhexyl)phthalate, carbazole, dibenzofuran,
di-n-butylphthalate, di-n-octylphthalate, phenol, 4,4’-DDE, Total PCBs (Aroclors), tributyltin, arsenic, cadmium, chromium, copper, lead, mercury,
nickel, and silver.

9 Bioaccumulative COCs = cPAHs, hexachlorobenzene, pentachlorophenol, chlordane, Total PCBs (Aroclors), arsenic, chromium, and methylmercury.
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analyzed for ALU COCs (see Appendix A, Table A-1a). GWPS, ALU, benthic, and bioaccumulative COCs are
presented in Table 4.

Select surface sediment samples from SMA-7, SMA-11, SMA-12, and SMA-13 will be submitted to ARI for
grain size analysis to characterize existing habitat conditions within the biologically active zone throughout
the Settlement Area.

Four of the sediment samples collected from SMA-13 (PRDI-81) and SMA-14 (PRDI-90, PRDI-99, and PRDI-
105) will be submitted to ARI for analysis of dioxins and furans to document the concentration of these ALU
contaminants within the ENR and MNR areas.

The surface sediment sample results will be used to determine the rates of chemical concentration
reduction between 2004/2005 and 2024 using different approaches for benthic and bioaccumulative
COCs as follows:

m Benthic COCs: chemical concentration data from surface sediment samples collected at previously
established sample locations (PRDI-77, -79, -80, -83, and -85) in SMA-13 will be compared to the
previous results for these locations.

m For bioaccumulative COCs, chemical concentration data from surface sediment samples collected in
SMAs 7 and 10 through 14 will be used to calculate SWACs in SMA-13 and SMA-14, which will be
compared to SWACs calculated using chemical concentration data from surface sediment samples
collected in 2004/2005.

9.2. Subsurface Sediment Cores

The proposed cleanup action in SMA-13 and SMA-14 relies on natural recovery of sediment that is partially
due to sedimentation (burial beneath clean sediment). The natural recovery evaluation in RI/FS
Appendix 13A utilized a sedimentation rate of 1 cm/year. This sedimentation rate was based on several
previous studies completed between 1977 and 2005. Previous studies estimated sedimentation rates
using sediment dating and by evaluating sediment accumulation above the buried gray marker bed that
was deposited around 1916 following completion of the Montlake Cut, which connected Lake Washington
to Lake Union. Locations used to estimate the sedimentation rate were generally limited to the central and
eastern Lake Bottom zone. There were no locations in SMA-13.

Nine (9) sediment cores will be completed in SMA-13 and SMA-14 using vibracore methods to confirm the
sedimentation rate based on the degree of sediment accumulation above the “gray marker bed” (C-1
through C-9). Sediment core locations are shown in Figure 11. Five of the six locations proposed for SMA-14
were sampled as part of the previous studies completed between 1977 and 2005 (C-1 through C-5).

The core samples will be evaluated using the same approach used in RI/FS Appendix 11C. The depth below
mudline to the “gray marker bed” will be used to estimate the sediment deposition rate at the core location
by measuring the sediment thickness above the marker layer and dividing it by the number of years since
1916. The individual core sample evaluations will be used to determine an average deposition rate across
SMA-13 and SMA-14.

GEOENGINEERS /;/ February 26,2024 | Page 23

File No. 0186-846-04



9.3. Bathymetry

The high-resolution, multibeam bathymetric survey to be completed for the PRDI (see Section 14) will be
compared to previous high-resolution, multibeam bathymetric surveys completed in 2002 and 2006 to
identify changes in the bottom elevations. This comparison will be used to generally identify areas where
deposition is occurring, and the rate of deposition based on the time between the surveys that are being
compared.

10.0 GEOTECHNICAL CHARACTERIZATION (SMA-3 THROUGH SMA-15)

The objective of the geotechnical field and laboratory testing program is to characterize the key soil units,
i.e., fluid mud (also referred to as soft sediments), lakebed deposits, and glacial outwash materials, and
develop baseline geotechnical design parameters for use in the engineering analyses to support the
execution of the planned clean up actions that consist primarily of dredging, including cofferdam design,
and capping.

In this section, for the purposes of the geotechnical investigation, the term soil or soils refers to the
combination of fluid mud, lake deposits, and glacial outwash materials.

10.1. In-water Geophysical Testing (Optional)

An in-water geophysical survey can be performed along multiple lines to characterize both the nearshore
and offshore soil conditions. The proposed geophysical survey will include two methods: electrical resistivity
(ER) tomography and linear microtremor (LM). These methods complement each other to collect subsurface
geophysical property measurements via remote sensing techniques. Two-dimensional (2D) shear-wave
velocity (Vs) profiles will be developed from the geophysical survey, which will be used to distinguish
different geological unit boundaries and be used as direct measures of soil stiffness for use in determining
the seismic response of the site soils. Details about in-water geophysical testing equipment and procedures
are presented in Appendix C.

The in-water geophysical survey is an optional task. The need to perform the geophysical survey will be
evaluated after the initial geotechnical data are evaluated and if one of the following situations emerges.
The situations include, but not limited to, 1) when soils at depth greater than 40 feet are identified to be
potentially liquefiable and the potential liquefaction-induced deformation (e.g., settlement and lateral
spreading) has significantly negative impact on the mitigation system; and 2) when the desired dredging
depth or slope pose significantly negative impact on the existing structures and a soil-structure interaction
analysis is warranted to optimize the dredging design or temporary shoring design.

10.2. Nearshore Geotechnical Condition Characterization

The anticipated cleanup actions in SMA-3 through SMA-6 include dredging and capping along and near the
shoreline where the fluid mud material, also referred to as the very soft sediment, is not anticipated to be
present. The key geotechnical engineering issues along the nearshore areas include the stability of the
proposed dredged slope and consolidation settlement (both magnitude and time rate) of the materials
underlying the caps.
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10.2.1. Borings, CPTs, and Field Vane Shear Tests

Generally, field exploration will consist of performing standard penetration tests (SPTs) and field vane shear
tests in the borings completed using a truck-mounted drill rig and completing CPTs using either a low-stress
cone rig and/or a compensated shear rig. Both SPT and CPT rigs will be mounted on a floating barge that
is large enough to provide sufficiently stable support for the drilling operations and has a moon pool through
which the drill can be deployed.

Figure 12 shows the 22 proposed geotechnical exploration locations. CPT will be completed at all
22 locations. SPT will be completed at 13 of the 22 locations as shown in Figure 12. The 13 SPT locations
were spatially distributed to cover the entire sediment area. Seven of the SPTs are along the shoreline,
from which fill and glacial soil samples may be collected. Three SPTs are at locations with potentially thick
fluid mud and lake deposits, from which high-quality undisturbed fluid mud and lake deposit samples may
be collected. The other SPTs are at locations with moderately thick fluid mud and lake deposits. The goal
is to collect fluid mud samples at all SPT locations where such material likely presents. This is because
collecting fluid mud samples is challenging, and they are the critical material to support the project-specific
sediment column testing (detailed in Section 10.3.5) to estimate post-capping shear strength.

CPTs are proposed at each location because CPT is considered to be able to better measure the in-situ
strength of the fluid mud nearly continuously along the depth. In addition to the conventional CPTu
penetrometer (with an end area of typically 15 cm?2), a second CPT is proposed at every location using the
full-flow penetrometer, which is either a T-bar or a ball with an end area of 100 cm2. The full-flow
penetrometer is believed to be able to obtain more accurate measurements of very soft sediments (DeJong
etal. 2011). There are however limited reliable correlations between full-flow penetrometer measurements
and soil strength due to this penetrometer is still gaining its popularity. We, therefore. propose two CPT
pushes at each location, one using a CPTu penetrometer and the other using the full-flow penetrometer.

In addition, CPTs and SPTs will be paired at adjacent locations so that the soil data collected can be cross-
checked. Pairing CPTs and SPTs can also help reduce the barge mobilization time and make the
geotechnical exploration more cost-effective.

For the SPTs, drilling will be performed using the mud rotary method. Alternating field vane shear tests and
Piston or Shelby tube sampling of undisturbed soils will be completed in the lakebed deposits. Blow counts
and disturbed soil samples using a split spoon sampler will be taken in the glacial outwash materials.

For the CPTs, the procedure presented in Appendix C will be followed. Piezocone penetrometers with the
following features will be used: have fully compensated independent load cells for both the tip and sleeve,
designed with equal end area friction sleeves and have a net end area ratio consistent with the current
industry standard. These piezocone features are critical to obtain accurate sleeve friction data within fluid
mud under water (Boggess and Robertson 2010). More details regarding CPT equipment and procedure
are presented in Appendix C.

Several nearshore boring locations may have limited water depth (e.g., 2 feet or less) for barge access. In
these areas a low-pressure buggy drill may be employed instead of a floating barge. The low-pressure buggy
drilling work will be completed in accordance with the conditions of United States Army Corps of Engineers’
(USACE’s) permit. Given the offshore slope is relatively steep based on the bathymetry data, it is anticipated
that a small amount (e.g., 100 ft or less) of location adjustment may be needed based on field conditions.
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The exact location can be flexible, as long as it is not getting too close to the neighboring drilling locations
and provides for a well-distributed soil dataset.

10.2.2. Subsurface Soil Samples

Soil samples will be collected at 2.5-foot intervals using Shelby tube samplers per ASTM D1587 within the
lakebed deposits and then at 5-foot intervals using split spoon or Shelby tube samples below or within the
glacial outwash materials. One Shelby tube sample of the undisturbed glacial outwash materials will be
taken from each of the 13 SPT boreholes shown on Figure 12.

10.2.3. Laboratory Testing Program to Characterize Soil Shear Strength

The laboratory testing program will include testing representative samples from the field studies with a
focus on index testing (e.g., grain-size distribution and hydrometer per ASTM D422, specific gravity per
ASTM D854, and Atterberg limits per ASTM D4318) as well as direct simple shear tests (DSS) per ASTM
D6528 and/or triaxial shear tests (per ASTM D2850, D4767, or USACE EM 1110-2-1906). This testing is
used to characterize material types (i.e., USCS classification) and properties, such as density and strength
to inform engineering design inputs that would be used in static and dynamic models of slope stability and
deformation.

10.2.4. Laboratory Testing Program to Characterize Soil Consolidation Properties

Conventional consolidation laboratory tests per ASTM standard D2435 or D4186 and/or low-stress
consolidation laboratory tests based on USACE EM 1110-2-5027 will be performed on representative
samples of the lakebed deposits and/or glacial outwash materials to evaluate the time rate of settlement
and strength increase due to soil consolidation to inform the desigh and construction of the sediment caps.

10.2.5. Laboratory Testing Program to Characterize Soil Liquefaction Susceptibility

Lake deposits and glacial outwash materials are potentially susceptible to liquefaction. Consolidated-
undrained cyclic direct simple shear (CyDSS) testing per ASTM D8296 will be performed on representative
samples for each unit (i.e., lakebed deposits and glacial outwash materials) to characterize the engineering
properties of each unit under cyclic seismic loading.

10.3. Offshore Geotechnical Condition Characterization

The cleanup actions in SMA-7 through SMA-13 include capping within the lake slope and lake bottom areas
where fluid mud is present (up to 20 feet of fluid mud). A limited amount of dredging may be conducted in
SMA-10, if deemed necessary. The key geotechnical engineering issues within these areas potentially
include the stability of the proposed dredged slope, consolidation settlement (regarding both magnitude
and time rate) of the underlying soils under the capping materials, and the bearing capacity and
compressibility of the fluid mud, which can result in potential losses and settlement of placed capping
materials into the softer materials.

The key difference in geotechnical conditions at offshore locations compared to nearshore locations is the
presence of fluid mud. This section focuses on the proposed exploration plan for characterizing the fluid
mud. The exploration plan for characterizing the other soil units, i.e., lake deposits and glacial materials,
remains the same as presented in Section 10.2.
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10.3.1. Borings, CPTs and Field Vane Shear Tests

The offshore geotechnical field program also consists of performing SPTs and field vane shear tests in the
borings and completing cone penetration tests (CPTs) using the same rigs and barge as presented in
Section 10.2.

The same CPT and SPT equipment and procedures as presented in Section 10.2 will be used. For the fluid
mud, alternating field vane shear tests and Piston sampling of soils will be performed as continuously as
practically feasible. If the Piston Sampler method fails to collect fluid mud samples after three consecutive
attempts, then the contingency plan is to decrease the spacing between locations for the field vane shear
tests.

10.3.2. Subsurface Soil Samples

Soil samples will be collected as continuously as practicable within the fluid mud or for the top 10 feet
using Piston sampling (also known as Osterberg sampling) per ASTM D6519. The same sampling procedure
described in Section 10.2.2 will be followed within the lakebed deposits and the glacial outwash materials.

10.3.3. Laboratory Testing Program to Characterize Soil Shear Strength

The same laboratory testing described in Section 10.2.3 will be completed for the fluid mud materials. It is
anticipated that 20 to 30 tests will be completed for each of the index testing parameters, including grain-
size distribution and hydrometer, specific gravity, and Atterberg limits, and 20 to 30 of either DSS or
unconsolidated undrained tests collectively for the nearshore and offshore locations.

10.3.4. Laboratory Testing Program to Characterize Soil Consolidation Properties of Lakebed Deposits and
Stiffer Materials

The same consolidation laboratory tests described in Section 10.2.4 will be performed on representative
soil samples of the lakebed deposits and/or glacial outwash materials. It is anticipated that 10 to
15 consolidation tests will be completed collectively for the nearshore and offshore locations.

10.3.5. Laboratory Testing Program to Characterize the Fluid Mud’s Bearing Capacity and Compressibility

A project-specific laboratory testing program has been developed to characterize the fluid mud with a
specific focus on time rate and magnitude of sedimentation or settling under the proposed capping material
thickness, and the bearing capacity of the fluid mud to support the weight of the capping material during
and post-construction. The laboratory testing will include:

m Self-weight sedimentation / settling tests for vertical stresses less than 10 pounds-force per square
foot (psf) based on USACE EM 1110-2-5027 and EM 1110-2-5025,

m Low-stress oedometer testing for vertical stresses from 10 up to 100 psf based on USACE
EM 1110-2-5027,

m Conventional consolidation tests under vertical stresses greater than 100 psf (up to 1,000 psf
depending on maximum sample strain) by performing either 1D consolidation using incremental
loading per ASTM D2435 or 1D Controlled Rate of Strain (CRS) consolidation per ASTM D4186, and

B ‘Bench Scale’ testing of a sediment column to assess sedimentation/settling and consolidation of the
fluid mud when a sand cap is added. The bench scale testing would help understand the potential

GEOENGINEERS /;/ February 26,2024 | Page 27

File No. 0186-846-04



losses and settlement of sand cap materials into the fluid mud found at the site, which will be key
considerations in project construction.

10.3.6. Laboratory Testing Program to Characterize Soil Liquefaction Susceptibility

Consolidated fluid mud materials, lakebed deposits and glacial outwash materials are potentially
susceptible to liquefaction. Consolidated-undrained CyDSS testing per ASTM D8296 will be performed on
representative soils samples for each unit to characterize its engineering properties under cyclic seismic
loading. It is expected that five CyDSS tests will be completed collectively for the nearshore and offshore
locations.

10.4. Key Geotechnical Investigation Considerations

The fluid mud is the key soil unit to be characterized for the GWPS. Obtaining undisturbed samples of these
very soft sediments is challenging. In addition to attempting to take undisturbed samples at multiple
locations, the exploration and laboratory testing program has considered this challenge by focusing on field
testing techniques to characterize the shear strength of the very soft sediments through field vane shear
tests and CPTs. The consolidation properties of the very soft fluid mud material will be characterized by
performing laboratory tests using reconstituted samples. As a result, obtaining undisturbed samples of the
very soft sediments becomes less critical.

11.0 INVESTIGATION DERIVED WASTE

Investigation derived waste (IDW) will be placed in labeled storage containers and stored on Site in a
designated containment area, which will be enclosed by fencing. Each waste container will be labeled,
secured, stored, and disposed of according to applicable local, State, and Federal regulations within 90
days after drums have been filled. Appendix A provides further procedures for labeling containers and
collecting samples for characterizing IDW.

12.0 INVENTORY AND ASSESSMENT OF EXISTING STRUCTURES

12.1. Structural Conditions Assessment

A structural conditions assessment will be completed to document the as-built condition of structures that
are located within the Settlement Area. The baseline conditions will be used to assist in evaluating
construction approaches to minimize impacts on the existing structures.

A baseline conditions report will be developed based on evaluation of existing available information such
as as-built drawings of existing structures, bathymetric and topographic surveys and the results of field
reconnaissance completed by structural engineers.

The field reconnaissance will be completed to:

m Verify that the structures were built according to the design drawings, if available,

B Gather sufficient information to support developing the scope of construction elements (capping
methods, dredging limits and methods, etc.), and

m Evaluate the condition of structures.
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The field reconnaissance will include the following activities:

m Visually observe the above water structural elements,
m Visually observe the below water components with a diver,
m Confirm mudline elevations at foundation of the identified structures, and

m Establish likely locations to monitor for structure movements during construction.

The structural condition assessment will provide conditions assessment ratings for the major structural
elements identified, including bulkheads, rip-rap revetments, piles, pile caps, stringers, deck, and major
appurtenances.

The structural conditions data will be used to complete a structural analysis during remedial design using
the structural conditions assessment and the geotechnical characterization information described in
Section 10.0. The structural analysis will evaluate the potential impacts on existing structures from the
proposed dredging and capping. The proposed dredging and capping will be modified, as necessary, to
minimize impacts on existing structures. The modification may include ground improvement or shoring of
existing structures. The structural analysis and any resulting modifications to the proposed cleanup action
is expected to be an iterative process to reach a final design and approach.

13.0 COASTAL ENGINEERING

Coastal engineering and modeling will be completed to evaluate scour potential at the proposed cap
surfaces and to provide recommendations for the armoring materials that will protect the cap.

The following tasks will be completed to evaluate coastal engineering conditions within the Settlement Area:

m Determine site conditions by compiling, processing, and reviewing publicly available data to use for
modeling including, but not limited to, comparative analysis of historical bathymetric data sets (see
Section 14.2), identifying key site features, and completing in-person site visit to identify existing site
conditions.

m Develop a conceptual site model as a basis for coastal engineering analysis including:

= Modeling criteria such as project site datum, winds, waves, water elevation, service life of
cleanup action, and design storm conditions.

=  Complete a nearshore wave modeling and analysis for the Site using Metocean to conduct a
cross-shore wave transformation analysis.

= Evaluate vessel wakes and propwash based on review of vessel traffic in the vicinity of GWPS
to inform future design.

m  Complete coastal engineering modeling and analysis to provide recommendations for stable material
sizes based on analysis criteria and project risk. The modelling includes estimates of stable grain size
for different cleanup action elements based on wave energy and project criteria including material type,
grain size and material thickness for the design storm event.

The results of the coastal engineering analysis will be used to inform materials selection for the caps during
the design phase of the project.
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14.0 TOPOGRAPHIC AND BATHYMETRIC SURVEYS

Topographic and bathymetric surveys will be completed as part of the PRDI using the USACE Locks Datum.
The results of the topographic and bathymetric surveys will be combined to provide complete coverage of
the Settlement Area.

14.1. Topographic Survey

The current topography along the shoreline will be surveyed for the design of shoreline excavation and
capping. The topographic survey will extend up to 50 feet beyond the upland boundary of the Settlement
Area, to the extent practicable (Figure 5) and will be performed down to the waterline to meet up with the
area where bathymetric survey will be performed as described in Section 14.2. The survey will provide
surface elevations for the upland area adjacent to Lake Union and will document the presence of debris
and riprap on the surface that will require removal prior to excavation.

For well installation, the new monitoring wells (discussed in Section 4.1) will be surveyed, documenting the
horizontal position and elevation of the top of the well casing, the well monument, as well as the adjacent
ground surface.

The upland survey will use the USACE Locks Datum and established control points from previous surveys
conducted as part of the Kite Hill and Play Area Interim Action activities. The land-based topographic survey
will be performed in accordance with WAC 332-130 and other Washington State requirements for land
surveys and will be completed by a contracted professional surveyor licensed in the State of Washington.
14.2. Bathymetric Survey

The bathymetric survey will be performed using multibeam survey methods deployed from a vessel and will
provide survey coverage for the areas accessible by the vessel. The bathymetric survey will generally extend
beyond the Settlement Area boundary, to the extent practicable to ensure complete coverage (Figure 5).

The bathymetric survey will be completed to:

m Establish the existing conditions for design and volumetric calculations,
m Provide comparative data for the evaluation of natural recovery as described in Section 9.3,
m Identify the location of larger debris that is present within the in-water portion of the Settlement Area,

m Document the location of existing structures that exist within the in-water portion of the Settlement
Area,

m Provide surface elevations for the coastal engineering evaluation described in Section 13, and

m Provide surface elevations for the shoreline habitat survey described in Section 15.

The bathymetric survey will use the USACE Locks Datum and established control points from previous
surveys conducted as part of the Kite Hill and Play Area Interim Action activities. The bathymetric survey
will be performed in accordance with the USACE Engineering and Design Hydrographic Surveying Engineer
Manual (EM 1110-2-1003) and will be performed by a professional surveyor licensed in the State of
Washington.
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15.0 NEARSHORE HABITAT SURVEY

A survey of habitat conditions within the Settlement Area will be completed that includes reviewing existing
data and conducting a site reconnaissance visit. The habitat survey will cover the lakeshore, riparian zones,
lake slope, and lake bottom within the Settlement Area.

The two deeper water habitats (lake bottom and lake slope) will be assessed by examining the substrate
conditions through sediment sampling and bathymetric data and will not involve additional fieldwork. The
grain size of the substrate will be used, in conjunction with bathymetry data, to infer the function of the
deepwater habitats. The shallow lakeshore habitat will be assessed based on available grain size data from
sediment sampling data along the shoreline. This information will be supplemented by observations during
the reconnaissance. Riparian habitat will be assessed by examining available aerial photographs in
conjunction with observations during the site reconnaissance.

With the aquatic habitat, the site visit will entail observing slopes and observing substrate conditions in the
shallow water areas near the high-water mark. Habitat elements such as woody debris will be noted and
located via GPS. The in-water efforts will extend to the limit that could be covered by wading from shore.
Photographs will be taken along the shoreline and tied to the location using a GPS. The riparian vegetation
will be described by species and the width of the riparian zone measured from the water’s edge to the start
of grass or the edge of the developed upland.

The information from the habitat survey will be used to describe the potential benefits and impacts of the
remediation alternatives on aquatic habitat for the purposes of permitting the project.

16.0 PROCEDURES FOR THE INADVERTENT DISCOVERY OF CULTURAL RESOURCES

An IDP is included in Appendix D. The IDP outlines procedures to perform in the event of a discovery of
archaeological materials or human remains, in accordance with applicable state and federal laws. The IDP
will be reviewed by the field team prior to beginning fieldwork and kept at the project site during the PRDI
to reference in the event of a discovery.

17.0 PERMITS AND AUTHORIZATIONS

Under RCW 70.105D.090, remedial actions conducted under a consent decree are exempt from the
procedural requirements of Chapters 70.94, 70.95, 70.105, 77.55, 90.48, and 90.58 RCW, and the
procedural requirements of laws requiring or authorizing local government permits or approvals for the
remedial action. However, exempted remedial actions still must comply with the substantive requirements
of these laws. These exemptions apply to the proposed sediment sampling activities.

Regarding the State Environmental Policy Act (SEPA) review, under WAC 197-11-800(17), the proposed
sampling activities are categorically exempt.

Any remaining applicable state or local agency substantive requirements will be identified through review
of the Joint Aquatic Resource Permit Application (JARPA), as described in the following paragraph. The City
has approved the shoreline permit exemption requests; conditions of exemption approval are included in
the approval notice.
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Procedural requirement exemptions for activities conducted under a Consent Decree do not apply to federal
permits. Sediment investigations typically fall under the Nationwide Permit #6, which governs survey
activities. Because of the federal nexus, a biological evaluation was completed to allow consideration of
potential impacts to protected species and critical habitats resulting from PRDI activities. Accordingly, a
JARPA was completed and submitted to the USACE on August 18, 2023, to comply with federal regulations
under the Clean Water Act and Endangered Species Act. Currently the permit application is under review
by the USACE.

18.0 HEALTH AND SAFETY PLAN

Site cleanup-related activities need to be performed in accordance with the requirements of the
Washington Industrial Safety and Health Act (RCW 49.17) and the federal Occupational Safety and Health
Act (29 CFR 1910, 1926). These applicable regulations include requirements that workers are to be
protected from exposure to contaminants. A HASP for project personnel implementing the field work is
provided in Appendix B.

19.0 REPORTING

Following completion of investigation activities described in this work plan, a Pre-Remedial Design
Investigation Data Report (PRDI Report) will be prepared that will be appended to the Engineering Design
Report. The PRDI Report will describe the results of the investigation activities, describe the degree to which
existing data gaps described in the sections above have been addressed.

20.0 SCHEDULE

A specific field sampling schedule will be developed following Ecology approval of the Final PRDI Project
Plans. It is currently anticipated that the field work will be initiated in March 2024. Ecology will be notified
at the time unanticipated conditions or changed circumstances are discovered that might result in
a schedule delay. Any requests for a schedule extension will be undertaken as required by the CD.
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Table 1

Sample Descriptions and Objectives
Gas Works Park Site
Seattle, Washington

Sample Area

Sample Type

Location Names

Number of Locations

Analyses’

Objectives

Air and Soil Vapor Sampling - Figure 6

Harbor Patrol and
Gas Works Park

Indoor Air

HP-IA-1 through HP-IA-4

Sub-Slab Soil Vapor

HP-SV-1 through HP-SV-4

HP-OA-1, HP-OA-2

Benzene, toluene, ethylbenzene, total xylenes, naphthalene,
C5-C8 aliphatics, C9-C12 aliphatics, and C9-C10 aromatics

Characterize indoor air, outdoor air, and sub-slab soil vapor concentrations to verify conclusions of the indoor/outdoor air

risk evaluation presented in Appendix 4D of the GWPS RI/FS.

sediment COCs (see Note 2 below)

Outdoor Air 6 i i
utdoor Al ES-OA-1, PR-OA-1, CT-OA-1, PL-OA-1 Helium (soil vapor samples only)
Upland Groundwater Sampling - Figures 7A and 7B
New and Existin All monitoring wells shown on Figure 7A To optain water level and total depth measurgments, evaluate-for the presence of NAPL in wells where‘ NAPL has ‘
Vol g Well gauging (no samples) (including Shoreline and Play Area wells 77 None previously been ‘noted, and measuring theAthlckness of NAPL, if en.counte-red. LNAPL measurements will be used to adjust
listed in Note 1 below) the water levels in the wells where LNAPL is present. Water elevations will be used to prepare groundwater contour maps
that will inform design.
Existing Wells Groundwater Shoreline and Play Area Monitoring 10 Document current groundwater chemical concentrations; inform the design of the groundwater treatment in GWMA-1;
g Wells (see Note 1 below). Benzene, toluene, ethylbenzene, naphthalene, cPAHs, and and evaluate groundwater flow pathways.
dissolved arsenic
Arsenic speciation limited to MW-49D/AW-49D, MW-50D/AW- Charact'erlze ar§en|c concen.tratlons in 0L.thash groundwater downgradient of the threg t?XIstlng shoreline ?utwash unit
. Groundwater 50D, and MW-52D/AW-52D wells v'wth the highest arsenfc concentrations; evallua.te the.fate and transport of arsenllc in the outw§sh unit, and o
New Shoreline AW-49D, AW-50D, and 3 establish the post-construction groundwater monitoring points as far offshore as possible downgradient of the existing
Angled Wells AW-52D shoreline wells.
. . . Characterize soil conditions in the outwash unit where the new shoreline wells will be screened and in the fill unit, at
Soil PAHs and dissolved arsenic i i
depths approximately 5 feet above the outwash unit.
Shoreline Soil (SMA-1 and SMA-2) - Figures 8A and 8B
SMA-1 HA-1 through HA-10 10 RCRA metals, benzene, ethylbenzene, toluene, xylenes, diesel-
Soil samples (O to 3 feet bgs) 4 oil ’ trol ’ h g b ’ q PA’H Y ’ Characterize material that will be excavated and disposed offsite at appropriate permitted landfill facility.
SMA-2 HA-11 through HA-15 5 and oil-range petroleum hydrocarbons, an s
Subsurface Sediment and Offshore Groundwater (SMA-3, SMA-4 and SMA-5) - Figures 9B and 9C
Benzene, ethylbenzene, toluene, PAHSs, arsenic, grain size, and
. . TOC
Sediment - base of dredge prism (~9 to 10 ft bml) PRDI-1 through PRDI-12 12 Characterize contaminant concentrations in sediment and offshore groundwater that is located immediately below the
Total PCBs (Aroclors) and dioxins and furans (see Note 6) dredge prism to obtain data that will be used for the design of the amended sand caps.
SMA-3 . . Characterize the concentrations of Total PCBs (Aroclors), dioxins and furans in sediment that will be capped.
PRDI-4 through PRDI-12 9 Benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic
Offshore groundwater - base of dredge prism (~9 to 10 ft bml)
PRDI-8 through PRDI-10 3 Arsenic speciation
Benzene, ethylbenzene, toluene, xylenes, RCRA metals, GWPS X X . . . . . . .
Sediment - interval representative of dredge prism (~2 to 8 ft bml) PRDI-1 through PRDI-12 12 ) y y Characterize sediment that will be dredged and disposed offsite at appropriate permitted landfill facility.
sediment COCs (see Note 2 below).
Benzene, ethylbenzene, toluene, PAHs, arsenic, grain size, and
TOC . ! ' ’ ’ . ) ’
Sediment - base of dredge prism (~9 to 11-ft bmi) PRDI-13 through PRDI-16 4 Character.lze contaml'nant concentr'atlons in sediment an.d offshore groundwater that is located immediately below the
dredge prism to obtain data that will be used for the design of the amended sand caps.
Total PCBs (Aroclors) and dioxins and furans (see Note 6)
SMA-4 Characterize the concentrations of Total PCBs (Aroclors), dioxins and furans in sediment that will be capped.
Offshore groundwater - base of dredge prism (~9 to 10 ft bml) PRDI-13 through PRDI-16 4 Benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic
B , ethylb , tol , xyl , RCRA metals, GWPS . . . . . . . ) .
Sediment - interval representative of dredge prism (~2 to 8 ft bml) PRDI-13 through PRDI-16 4 enlzene ethylbenzene, toluene, xylenes me Characterize sediment that will be dredged and disposed offsite at appropriate permitted landfill facility.
sediment COCs (see Note 2 below).
B , ethylb , tol , PAHSs, arsenic, TOC, and grai
Sediment - base of dredge prism (~9 to 10 ft bml) PRDI-17 through PRDI-22 6 enzene, ethylbenzene, toluene, PAHS, arsenic, TOL, and grain _ , o _ , ,
size and TOC Characterize contaminant concentrations in sediment and offshore groundwater that is located immediately below the
dredge prism to obtain data that will be used for the design of the amended sand caps.
SMA-5 Offshore groundwater - base of dredge prism (~9 to 10 ft bml) PRDI-17 through PRDI-20 4 Benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic
B , ethylb , tol , xyl , RCRA metals, GWPS . . . . . ! . ) -
Sediment - interval representative of dredge prism (~2 to 8 ft bml) PRDI-17 through PRDI-22 6 enzene, ethylbenzene, foluene, xylenes metals Characterize sediment that will be dredged and disposed offsite at appropriate permitted landfill facility.

File No. 0186-846-04

Table 1 | February 26, 2024

Page 1 of 3




Sample Area

Sample Type

Location Names

Number of Locations

Analyses’

Objectives

Sediment and Offshore Groundwater (SMA-6 through SMA-12) - Figures 9B through 9D

PRDI-42 through PRDI-46, PRDI-107

Sediment - near surface (0 to 1 ft bml) 8 Benzene, ethylbenzene, toluene, PAHs, arsenic, and grain size.
through PRDI-109
SMA-6 Characterize sediment and offshore groundwater conditions near the shoreline to obtain data that will be used for the
Offshore groundwater - near surface (0.5 to 1.5 ft brl) PRDI-43 through PRDI-46, PRDI-107 . Benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic |design of the sand cap.
g ’ ’ through PRDI-109 + Offshore Groundwater COCs (see Note 3 below).
Benzene, ethylbenzene, toluene, PAHs, arsenic, TOC, and grain
Sediment - near surface (O to 1 ft bml) PRDI-25 through PRDI-39 8 . y g . . . . . . .
size. Characterize contaminant concentrations in near surface sediment and offshore groundwater located immediately
offshore of the proposed low-permeability caps in SMA-3 to obtain data that will be used for the design of the amended
Benzene, ethylbenzene, toluene, PAHS, and dissolved arsenic
Offshore groundwater - near surface (0.5 to 1.5 ft bml - - - 8 ' ' ' ! sand cap.
g ( ) PRDI-26, PRDI-27, PRDI-30 through + Offshore Groundwater COCs (see Note 3 below)
SMA-7 PRDI-33, PRDI-36 and PRDI-37
Evaluate near surface sediment samples for evidence of NAPL. Results of field screening will provide mapping of near
Sediment - near surface (O to 1 ft bml) DP-1 through DP-10 10 None Ve . Y I ) p. Vi ) ! I ing will provi pping
surface NAPL-impacted sediment and inform the thickness of sand caps.
Characterize contaminant concentrations in surface sediment adjacent to the SMA-13 and SMA-14 to help estimate
Sediment - surface (0 to 10 cm bml) PRDI-63 through PRDI-65 3 Bioaccumulative COCs (see Note 4) i . I : . : .u I : P :
surface-area weighted average concentrations in SMA-13 and SMA-14.
SMA-8 Sediment - near surface (0 to 1 ft bml) DP-12 and DP-14 2 None Evaluate near_surface sediment sampl_es for eviden_ce of NAPL. Results of field screening will provide mapping of near
surface NAPL-impacted sediment and inform the thickness of sand caps.
Benzene, ethylbenzene, toluene, PAHS, arsenic, grain size, and
Sediment - near surface (0 to 1 ft bml) PRDI-47 through PRDI-61 15 ToC Characterize contaminant concentrations in near surface sediment and offshore groundwater located immediately
offshore of the proposed low-permeability caps in SMA-4 and SMA-5 to obtain data that will be used for the design of the
SMA-9 Total PCBs (Aroclors) and dioxins and furans (see Note 6) amended sand cap.
Benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic | Characterize the concentrations of Total PCBs (Aroclors), dioxins and furans in sediment that will be capped
Offshore groundwater - near surface (0.5 to 1.5 ft bml 8 ’ .
g ( ) PRDI-47, PRDI-48, PRDI-51 through + Offshore Groundwater COCs (see Note 3 below)
PRDI-54, PRDI-57 and PRDI-59
Characterize contaminant concentrations in near surface sediment and offshore groundwater located immediatel
Sediment - near surface (0 to 1 ft bml) PRDI-23 through PRDI-24 2 Benzene, ethylbenzene, toluene, PAHs, arsenic, and grain size ” : ) : . I u ! groundw : ately
offshore of the proposed dredge prism in SMA-3.
Characterize contaminant concentrations in surface sediment adjacent to the SMA-13 and SMA-14 to help estimate
SMAL0 GWPS Bioaccumulative COCs (cPAHs and arsenic) surface-area weighted average concentrations in SMA-13 and SMAJ14 i
Sediment - surface (0 to 10 cm bml) PRDI-62 1 g g ’
Dioxins and furans (see Note 6
foxt ! ( ) Characterize the concentrations of dioxins and furans in sediment that will be capped.
DeTiZerie, SuUyroeriZerc, lOIUeTiIc, r/-\rfs, arnu dracric
Sediment - near surface (O to 1 ft bml) PRDI-40, PRDI-41, PRDI-110 3 Characterize sediment and offshore groundwater conditions near the shoreline to obtain data that will be used for the
Ninvine and fiirane lcaa Nata R\ design Of the Sand Cap.
Benzene, ethylbenzene, toluene, PAHs, and dissolved arsenic
Offshore groundwater - near surface (0.5 to 1.5 ft bml) PRDI-41 and PRDI-110 2 + Offshore Groundwater COCs (see Note 3 below) Characterize the concentrations of dioxins and furans in sediment that will be capped.
SMA-11
Sediment - near surface (0 to 1 ft bml) DP-11 and DP-13 10 None Evaluate near‘surface sedi@ent samplgs for evidenlce of NAPL. Results of field screening will provide mapping of near
surface NAPL-impacted sediment and inform the thickness of sand caps.
Sediment - surface (0 to 10 cm bml) PRDI-66 through PRDI-71 6 QWPS and ALU Bioaccumulative COCs (see Note 4) and grain |Characterize cohtaminant concentrations_ in s_urface sediment adjacent to the SMA-13 and SMA-14 to help estimate
size surface-area weighted average concentrations in SMA-13 and SMA-14.
Evaluate near surface sediment samples for evidence of NAPL. Results of field screening will provide mapping of near
Sediment - near surface (0 to 1 ft bml) DP-15 through DP-24 10 None i R p_ . g P pping
surface NAPL-impacted sediment and inform the thickness of sand caps.
SMA-12 Sediment - near surface (0 to 1 ft bml) PRDI-72 1 Dioxins and furans (see Note 6) Characterize the concentrations of dioxins and furans in sediment that will be capped.
GWPS and ALU Bioaccumulative COCs (see Note 4) and grain |Characterize contaminant concentrations in surface sediment adjacent to the SMA-13 and SMA-14 to help estimate
Sediment - surface (0 to 10 cm bml) PRDI-72 through PRDI-76 5 . ( ) g . . ) y P
size surface-area weighted average concentrations in SMA-13 and SMA-14.
Natural Recovery Evaluation (SMA-13 and SMA-14) - Figure 9E
GWPS and ALU Bioaccumulative COCs (see Note 4) and GWPS
and ALU Benthic COCs (see Note 5), and grain size
SMA-13 PRDI-77 th h PRDI-86 10
roug Characterize contaminant concentrations in surface sediment in SMA-13 and SMA-14 to help estimate surface-area
Dioxins and furans (see Note 6) weighted average concentrations in SMA-13 and SMA-14.
Sediment - surface (0 to 10 cm bml)
GWPS and ALU Bioaccumulative COCs (see Note 4), and grain Characterize sediment and inventory dioxins and furans in sediment in the enhanced and monitored natural recovery
. areas.
size
SMA-14 PRDI-87 through PRDI-106 20

Dioxins and furans (see Note 6)
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Sample Area Sample Type Location Names Number of Locations Analyses’ Objectives
Geotechnical Characterization (SMA-3 through SMA-14) - Figure 12

SMA-3 through Soil properties including: density and plasticity, shear strength, |Refine the characterization of sediment material types; evaluate construction techniques for capping and dredging,
SMA-14 g Sediment B-1 through B-22 22 consolidation/compression properties, and dynamic soil including protection of existing structures; evaluate slope stability for dredge cuts and sediment caps; and evaluate
strength and stiffness seismic stability of sediment caps.
Notes:

1 Shoreline and Play Area Monitoring Wells - CMP-1, MLS-6, MLS-7, MW-13, MW-22 through MW-25, MW-32 through MW-40, MW-44 through MW-52, OBS-1 and OBS-2, PZ-1, TDW-1 through TDW-3, and TSW-1 through TSW-3.

2. Sediment COCs -sulfide, Total PAHs, cPAHs, 4-methylphenol, benzoic acid, bis(2-ethylhexy)phthalate, carbazole, dibenzofuran, di-n-butylphthalate, di-n-octylphthalate, hexachlorobenzene, pentachlorophenol, phenol, chlordane, 4,4'-DDE, Total PCBs, tributyltin, arsenic, cadmium, chromium, copper, lead, mercury, methylmercury, nickel, and silver.
3. Offshore Groundwater COCs - benzene, ethylbenzene, fluoranthene, pyrene, cPAHs, bis(2-ethylhexy)phthalate, carbazole, dibenzofuran, arsenic, cadmium, copper, lead, mercury, nickel, and silver (metals will be analyzed for the dissolved fraction).

4. GWPS and ALU Bioaccumulation COCs - cPAHs, hexachlorobenzene, pentachlorophenol, chlordane, Total PCBs, arsenic, and chromium.

5. GWPS and ALU Benthic COCs - sulfide, Total PAHs, 4-methylphenol, benzoic acid, bis(2-ethylhexy)phthalate, carbazole, dibenzofuran, di-n-butylphthalate, di-n-octylphthalate, phenol, 4,4'-DDE, Total PCBs, tributyltin, arsenic, cadmium, chromium, copper, lead, mercury, nickel, and silver.

6. Dioxins and furans are included because they have not been previously evaluated and are likely present. They are considered an ALU contaminant because there are no known sources from the historical industrial activities at the GWPS but there are documented sources in other parts of Lake Union.

7. The analytes listed in each row for indoor air, outdoor air, sub-slab soil vapor, upland groundwater, shoreline soil, sediment, and offshore groundwater are general lists and may not be analyzed for at each sample location. Details on specific analytes at specific sample locations are presented in Appendix A, Tables 1a and 1b.
GWPS = Gas Works Park Site

ALU = Ambient Lake Union

SMA = Sediment Management Area

bml = below mud line

cm = centimeters

ft = feet

BETX = Benzene, ethylbenzene, toluene, total xylenes

PAHs = Polyaromatic hydrocarbons

cPAHs = Carcinogenic polyaromatic hydrocarbons

RCRA = Resource Conservation and Recovery Act

COC = Contaminants of concern

PCBs = Polychlorinated biphenyls
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Table 2
Rationale for Proposed Analytes
Gas Works Park Site
Seattle, Washington

Media

Sample Analytes Location

Purpose and Rationale for Proposed Analytes

Air and Soil Vapor

Benzene, toluene, ethylbenzene,
and xylenes (BTEX)

Naphthalene

Petroleum fractions (C5-C8
aliphatics, C9-C12 aliphatics, and
C9-C10 aromatics)

Helium (soil vapor only)

Harbor Patrol, Greater Gas Works Park

Purpose - to confirm RI/FS risk evaluation. Benzene, naphthalene, chloroform, and 1,2-dichlorobenzene detected in 2007/2008 air samples at
concentrations greater than MTCA Method B air CULs.

Proposed analytes are required by Ecology VI guidance for petroleum sites. Benzene is a GWPS groundwater COC. Naphthalene is a GWPS soil and
groundwater COCs. Chloroform and 1,2-dichlorobenzene are not GWPS COCs and will not be analyzed.

(within dredge prism)
(Landfill Characterization)

PAHs

SVOCs (see rationale column)
Chlordane and DDE

Total PCBs (aroclors)

Groundwater Benzene, toluene, and Shoreline and select Play Area wells Purpose - to characterize groundwater in shoreline and select Play Area wells to support design of arsenic groundwater treatment system and to support
ethylbenzene (BTE) evaluation of groundwater flow pathways.
Naphthalene
cPAHs BTE, naphthalene and cPAHs are upland groundwater COCs. Arsenic is the focus of the groundwater treatment system and is a sediment and an offshore
Arsenic (dissolved arsenic) groundwater COC.
Arsenic speciation Paired shoreline wells Purpose - to evaluate how far downgradient thioarsenate has migrated and to support design of arsenic groundwater treatment system.
Soil PAHs AW-49D, AW-50D, and AW-52D Purpose - to characterize soil conditions in the outwash unit where the new shoreline wells will be screened and in the fill unit, at depths approximately 5
New Angled Monitoring Wells |Arsenic feet above the outwash unit.
PAHs and arsenic are soil COCs
Soil PAHs SMA-1 and SMA-2 Purpose - to characterize upland soil for landfill disposal.
(Landfill Characterization) BTEX
RCRA Metals (see rationale PAHs and arsenic are soil COCs
column) BTE are upland groundwater COCs and BTEX is common landfill requirement if benzene is present.
TPH-Dx RCRA Metals (As, Ba, Cd, Cr, Pb, Hg, Se, Ag) and TPH-Dx common landfill requirements
Subsurface Sediment Sulfides SMA-3, SMA-4, and SMA-5 Purpose - to characterize sediment for landfill disposal.

Sulfides, PAHs, SVOCs (4-methylphenol, benzoic acid, bis(2-ethylhexyl)phthalate, carbazole, dibenzofuran, di-n-butylphthalate, di-n-ocytylphthalate,
hexachlorobenzene, pentachlorophenol, phenol), chloridane, DDE, Total PCBs (aroclors), tributyltin, and metals (As, Cd, Cr, Cu, Pb, Hg, methylmercury, Ni,
and Ag) are sediment COCs

TOC and grain size

Total PCBs and dioxins and furans
(see Note 1)

Tributyltin
BTEX BTEX - expected to be present in the vicinity of NAPL impacts. Benzene, in particular, has been associated with NAPL and BTEX is common landfill
TPH-Dx requirement if benzene is present.
RCRA Metals + Cu, methylmercury,
and Ni RCRA Metals (As, Ba, Cd, Cr, Pb, Hg, Se, Ag) and TPH-Dx are common landfill requirements
Subsurface Sediment BTE SMA-3, SMA-4, and SMA-5 Purpose - to evaluate groundwater flow pathway and to characterize the exposed sediment surface that will be capped following dredging.
(below dredge prism) PAHs
Arsenic BTE, napthalene, cPAHs, and arsenic are upland groundwater COCs. Benzene, naphthalene, arsenic and, to a lesser extent, cPAHs are the focus of the

groundwater flow pathway evaluation.

Purpose of TOC and grain size analyses - to help evaluate contaminant mobility

Purpose of Total PCBs and dioxins and furans - to characterize the concentrations of Total PCBs, dioxins and furans that will be capped (SMA-3 and SMA-
4).

Subsurface Offshore
Groundwater
(below dredge prism)

BTE SMA-3, SMA-4, and SMA-5
PAHs
Arsenic (dissolved arsenic)

Purpose - to evaluate groundwater flow pathway and to provide chemical analytical data for cap model.

BTE, napthalene, cPAHs, and arsenic are upland groundwater COCs and are expected to be present in sediment within the groundwater flow path.
Remaining PAHSs to support cap model. Total PAHs are a sediment COC that may affect cap model.

Arsenic speciation PRDI-8 through PRDI-10

(downgradient of paired wells)

Purpose - to evaluate how far downgradient thioarsenate has migrated.
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Total PCBs and dioxins and furans
(see Note 1)

Media Sample Analytes Location Purpose and Rationale for Proposed Analytes
Nearsurface Sediment BTE SMA-6, SMA-7, and SMA-9 through SMA-11 Purpose - to evaluate sediment conditions at the pre-cap surface and within the groundwater flow pathway for mobile contaminants that are the focus of

PAHs amended capping. The sediment data along with offshore groundwater data will inform cap modeling used to design the amended caps.

Arsenic
BTE, napthalene, cPAHs, and arsenic are upland groundwater COCs and concentrations in sediment and offshore groundwater are proposed to be
characterized at multiple points along the groundwater flow path to confirm that sediment is the primary source of contaminants in offshore groundwater.
Purpose of TOC analysis - to help evaluate contaminant mobility

TOC Purpose of grain size analysis - to charaterize existing habitat conditions within the biologically acitve zone throughout the Settlement Area and to help
evaluate contaminant mobility.

Grain size

Purpose of Total PCBs and dioxins and furans - to characterize the concentrations of Total PCBs, dioxins and furans that will be capped (SMA-9 and SMA-
11).

Nearsurface Offshore
Groundwater

BTE SMA-6, SMA-7, and SMA-9 through SMA-11
PAHs

BEHP, carbazole, and dibenzofuran

As, Cd, Cu, Pb, Hg, Ni, and Ag

(dissolved metals)

Purpose - to evaluate offshore groundwater conditions at pre-cap surfaces along the groundwater flow pathway for mobile contaminants driving the use of
amended capping methods (benzene, naphthalene, cPAHs, and arsenic). This data will be used for cap modeling to inform the design of the amended
caps.

Analytes include offshore groundwater COCs, except for toluene. Toluene retained because it is an upland groundwater COC.

Total PAHs are a sediment COC that may affect cap performance. These results can be incorporated into the cap model to ensure cap design considers the
effect of the additional PAHs

Surface Sediment

cPAHs SMA-7 and SMA-10 through SMA-14
Hexachlorobenzene and PCP

Chlordane

Total PCBs (aroclors)

As and Cr

Methylmercury

Grain size

Dioxins and furans (see Note 1)

Purpose - to evalute natural recovery of bioaccumulative COCs. Natural recovery of bioaccumulative COCs was evaluated in the RI/FS, and will be
evaluated in the PRDI, for SMAs 13 and 14. The natural recovery of bioaccumulative COCs in SMAs 3 through 12 was not evaluated because those SMAs
will be capped. Surface sediment samples will be collected in SMA-7 and SMAs 10 through 12 to help estimate surface-area weighted average
concentrations in SMA-13 and SMA-14.

Analytes include GWPS and ALU bioaccumulative sediment COCs.
Purpose of grain size analysis - to charaterize existing habitat conditions within the biologically active zone throughout the Settlement Area.